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Abstract 

Database ConstJltants E-~lropE3 b.v. 
Keizersgracht 557, 1017 DR Amsten.lam. Telefoon +31 20 · 22 42 43 

IMllGE DBSIQI: Doclnentation of structured 
analysis tedlniques using DICTI~/3000 

A presentation to the 
HP3000 International users Group 

European 1983 Conference 
F.dinburgh October 3rd - 6th 

Richard Irwin 

Databilse Coosultants Europe 
Keizersgracht 557 
1017 DR l\msterdam 
'!be Netherlands 

Tel: (020) 22 42 43 

This is the first in a trilogy of papers given jointly by Tim CUllis and 
Richard Irwin addressing the subject of data base design using $tructured 
methods. 

The first paper concentrates on the twin subjects of Data Analysis and Activity 
Analysis. It investigates the concepts of modelling the data area and business 
activities as both an analysis method and a comnunications meditUn with the 
user. 

Methods are also introduced of using DICTIOOl\RY/3000 as an integral part of the 
initial analysis documentation. 

The other two papers in the trilogy cover Structured Prototyping and lhe 
Logical aoj Physical Design of IHllGB file structures. The three papers are 
related; in the presentation of our papers, we assume attendance of previous 
sessions. 
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t . INTRODIJCTION 

Ever since the early conunercial computer systems we have been striving to 
find a scientific yet understandable method for the analysis and design 
phase of a project. Even within the construction or programming phase it 
is still clear that there are no hard and fast rules that can be applied to 
guarantee a satisfactory result. One of the major reasons for this is 
because a computer system is very personal to any one particular company 
or department and yet we still continue to hide away in our ivory tower&, 
known as data processing department&, developing computer systems that 
we think the user would like. It is very difficult for a user to adapt 
to something new wnen he is most likely short of time in any case. This 
problem is only compounded when the user cannot identify, in his terms, 
any tangiple benefit. The user must feel motivated and therefore involved 
in each stage· of his system. The objective of this paper i.s to demonsti:ate 
a method widely used by our clients to ensure understanding of a project 
by all members of a team including the user. This method is independant 
of any particular hardware/software but in this paper the standard tools 
of Hewlett Packard are used to demonstrate its applicability within projects 
destined to be developed on the HP3000. 

2. SCOPE 

The m<:>thocl embraces a project from conception to final implementation as 
shown in figure l. It is interesting to look at the background to the 
method at this stage. With the introduction of on-line systems it became 
clear that the data structure within computer systems needed careful thought 
as different processes were now working off the same data from all different 
views. This meant that the data bad to have its own meaning without the 
support of any particular application program. Hence, the introduction of 
database management systems (DBMS) software that could look after the data 
without those application programs. Data dictionaries have also been 
introduced to centrally define the data. It is expected that in the very 
near future data dictionaries/directories (DD/DI and DBMS's will be merged 
to produce a piece of software to look after the definition/location and 
integrity of our data. With these powerful facilities some method was 
needed to conctruct the correct data structure and suitable application 
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progrnms that would work. This is why this n1ethod emphasizes the split 
between data and activity analysis at the earliest possible point in the 
project. 

An interesting development has taken place since the introduction of 
database, all k Inds of development tools and utilities have blossom<!d 
forth now tlmt data can be centrally defined and therefore generalised 
routines can be written to work effectively. As a result even the 
simplest of applications are now adopting a database approach in order to 
obtain the payoff from these software products. Many.people have come 
unstuck at this st.age because they did not realise the basic requirement 
for these new tools was to define the data properly. The method used in 
tliis paper can he applied to most, if not all, C0111D1ercial computer 
projects. Th<' activities of dat.a analysis and activity analysis are 
covered in thiR paper·, the subject of logical file design being covered 
in a separate papor. DICTIONl\RY/3000 has been taken as the diet ionar·y 
tool. An C'Xample project has been taken to demonstrate 11 practical 
example of the m<'thod at work. This example is an actual system called 
TRAP/3000, Time ~eporting ~nd f_lannlnq system. 

before continuing any further a closer look at DICTIONMY is necessary. 
f'igure ] showt; a global data model of the l>ICTIOOl\IU/3000 its<!lf. It can 
be seen from the di.agram that the dictionary can be split into two major 
arf!as 

ACTIVE meaning that data entered in this part of the dictionary 
can be used by an automated process to build a database, 
program data structure lln the case of TRANSACT) or an 
''nqnJ.ry. 

PllSSJVE m.,,"tning that this part of the dictionary is only used for 
documt'ntatlon and will not influence any auto111ated process. 

It will now bn dt'monstrated how the passive part of the dictionary can be 
made ur,e of, right from Bystem conception through to imple111Cntatlon. 

CATEC'.ORY will br> used to categorise data areas, subsystems and entities. 
(entities will bl' <lcflm>d shortly) 
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EI.EMENT will be used to uni.quely identify attributes of entities, data 
sets being passed between activities within data flows and any derived 
fields within activities. 

PROCEDURE will be used to define any level of activity from a business 
area right down to a single program definition. 

4. FEASIBILI'l'Y STUDY 

The feasibility study of the '!'RAP system was a relatively short process. 
A client re<1uired automation of a manual planning and time reporting 
system. The usual PERT systems were examined and found not to be sui.table 
and so a general outline of the system was built. Here is an example of 
some of t:he data areas that were identified 

PROJECT 

PERSON 

DEPARTMEN'r 

COMPANY 

A project was defined as being something that was 
carried out to produce a product within a 
quantifiable time by the company on behalf of the 
same company or another company. 

A person would only be a part of the system if, he/she 
was carrying out a project activity. 

A department is a part of a company which the cost 
of a person can be attributed to. 

A company is either a company that is responsible for 
paying for the project and/or supplying the people 
for that project. 

In a small system such as this the data area definitions will be written 
in the report and would most likely not require any further changes. It 
is therefore unli.kely to give much benefit to update the dictionary at 
this time. 'l'he dictionary will therefore not be needed until the next 
phase. i.e. data analysis. An example of the global activities involved 
in t.his system are as follows 

PROJECT MANAGEMENT : This is the process of updating planning data 
to identify who does which task and when. 

1 ·6 



ORGANISATION MANAGEMENT 

'i'IME REPORTING 

It is nec~ssary to relate people to their 
correct departments and projects to the 
correct companies for re-charging purposes. 

This is the function of recording time 
against tasks or pro1ects and non-project 
activities. 

From this type of information the data analysis phase was started. 

5. DA'l'A ANALYSIS 

Before describing data analysis for TRAP, it is useful to examine what 
data analysis is. Data analysis is a method used lo understand and 
document a company environment in terms of its data resources. The 
results of data imalysis are summarised in a djagram known as a data 
model. This is our major communication tool for us"r and projects team. 
Detailed results are documented in a structured form using the data 
dictionary. In order to cqrry out data analysis it is necessary to have 
direct discussions with the user to extract information from his personal 
knowledge, look at his manual/computer records or files and any 
correspondence going in/out of the department/function. The framework of 
data analysis consists of 

ENTl'l'IES 

An entity is something of fundamental importance to a company. It 
is thus something about which data will probably be kept in an 
information handling system. e.g. Objects, people, places or 
abstractions such as events. 

ATrRIBUTES 

An attribute is a basic unit of information which describe an entity. 
An attribute cannot usefully be subdivided into other units of 
information. An entity must have attributes if it is of interest to 
the company. e.g. a code, data, quantity etc:. 

RELAT IONSllIPS 

A relationship is an association between entities. It has two 
directions e.g. a car is made from many parts and a part exists 
in zero, one or more cars. 
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The data model is often referred to as the entity/relationship model. 
The rules are very simple. A rectangle is an entity with the name of 
the entity inside the rectangle. 

A line connecting either two entities or an entity to itself is a 
relationship. There are various types of relationships. 

Mandatory one to one (1: 1 I 

Mandatory one to ,many (l:n) 

Mandatory many to many (m:n) 

Optional relationships 

Partially optional 

E 
E 

THAP data model can now be examined. The first pass is shown in figure 3. 

F'rom this model discussions can begin as to the suitability of the data 
structure. 1'he first data model on a project is rarely correct. If 
there are no changes it often means that the user does not understand 
but assumes that you do! This is a more dangerous situation than the 
complete first data model being wrong. In the TRAP data model it became 
obvious to the user that one could not control a situation where many 
people were working on many projects without defining something in between. 
On this entity in between one could store information about the actual 
work carried out by one person on one project. The data model developed 
in this manner is shown in figure 4-:- One of the most important points 
to note is the elimination of the many to many relationships as it is 
unlikely that you will be able to support these satisfactorily within an 
information handling system. The dictionary could now be used to enter 
the definitions of the entities on the data model. 

1 ·8 



)c_) 
.. / 

. . 

FIGURE 3 FIRST PASS DATA MODEL TRAP/3000 

EJ--
PROJEC'l' 

1--~~~-+~~ RECORDED 1 TIME 

1-9 

L DEPAR'l'MENT 

I 
I 
I 

PERSON 



.----
1 

PROJECT 

PHASE 

Nth PASS DATA MODEL TRAP/3000 

- __ J 

DEPARTMENT 

STRUCTURE 

TASK 

RECORDED 

TIME 

1-10 

DEPAR'fMENT 

PRESENT 

ASSIGNMENT 

PERSON 

- -, 
I 
I 
I 
I 



DIC'r!JBM was used with the CREATE CATEGORY command e.g. 

CATEGORY > DEPT 

LONG NAME > DEPARTMENT 

TYPE > ENT (for ENTITY) 

OESCIUPTlON > A department is a part of 

> a company which the cost 

> of a person can be attributed 

> to. 

A CATEGORY was also set up with the TYPE = SOB (meaning subject database) 
for TRAP itself so that all entities within the TRAP system could be 
grouped under it. e.g. 

CATEGORY > 'l'RAP 

LONG NAME > TIME REPORTING AND PLANNING SYSTEM 

'l'YPE > SOB 

DESCRIP'l'ION > (A generalised description of 

> 'l'RAP/3000 was entered) 

'l'he RELATE Cl\'l'EGORY command was then used to associate the entities to 
'l'RAP. e.g. 

PARENT CA'l'EGORY > TRAP 

CHILD CATEGORY :> DEPT 

DESCRIPTION :> '!not used) 

REPORT/3000 was used to point all entities witn.in 'l'RAP with their 
corresponding descriptions and given to the user fqr approval. This 
process went on until the team and user were nappy. with the def.initions. 
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)f 
Each entity was then taken and a list of attributes constructed against 
it. e.g. 

Entity : DEPARTMENT 

Attributes : Department code (Unique identification) 
Department Name 
company code (Key of company) 
Department entity creation date 
Date department entity last changed 
User who changed entity (Key of system user) 

Once again DICTDBM was used to enter the definition in the dictionary as 
follows with CREATE ELEMENT command. 

ELEMENT > DEPT-CODE 

LONG NAME > DEPARTMENT CODE 

TYPE > X 

SIZE > 8 

DESCRIPTION ::>- The department code uniquely 
identifies a department to 
the system 

The ADD CATEGORY cowaand could then be used to associate attributes 
(ELEMENTS) to entities (CATEGORIES) • 

CATEGORY 

ELEMENT 

:> DEPT 

:> DEPT-CODE 

ELEMENT-ALIAS > UI (This was a trick to show 
which attributes were 
unique identifiers or 
foreign keys) 

DESCRIPTION .::> Not used 
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With REPORT/3000 another series of outputs were used to check if the 
data area had been covered properly. The important ones were an 
alphabetical list of attributes with a full description and an entity/ 
attribute matrix. e.q. 

ENTITY DEPARTMENT 

Al tribute Keys Type Size 

DEPT-CODE UI x 8 
DEPT-NAME x 50 
COMPANY-CODE - FK x 8 
DEP-CRE-DTE x 6 
DEP-UPD-DTE x 6 
USE-CODE - FK x 8 

ENTITY PERSON 

etc. 

With a good definition of the data at hand the activity analysis could 
begin. 

6. AC'l'IVITY ANAJ,YSIS 

Activity analysis is a method used to understand and document a company 
environment in terms of the activities required to create, change and 
retri~ve data (defined in data analysis). Dataflow diagrams are used at 
the high level to first identify the flow of data through the organisation 
so that the activities working with that data can be identified. 
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Dataflow diagrams consist of the following parts 

ACTIVITY 

An activity is shown by a circle with the name inside the circle. 
A unique number (or letter) is placed in the top of the circle 
to show (if it is a sub activity) where it was derived from. 

DATA SET 

A data set is shown by a line between two activities. It has 
direction (either 'IN' or 'OUT') which is shown by an arrow on 
the inbound activity. 

HOLDING POINT 

A holding point is shown as a file symbol. This is an area 
where data is held for later use. It need not be a computer file. 

EXTERW\L ACrIVITY 

Activities that take place outside the system but help the 
understanding of its interaction with other systeros which are 
identified by rectangles. 

The results of activity analysis are documented in the dictionary which 
once again gives a central definition of activity, data set, holding point 
and external activity. A first pass dataflow diagram of TRAP looked like 
the diagram in figure 5. Each activity could be broken down into sub 
activities. An example is given in figure 6. 
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The dictionary was then updated using the PROCEDUHE pilrt as follows 

REPEAT CREATE PROCEDURE 

PROCEDURE > TRAP 

LONG NAME :> TIME REPORTING AND PLANNING SYSTEM 

TYPE > ACT (Short for ACTIVITY) 

f,ANGUAGE > Not used 

DESCRIPTION > (Brief overview of the TRAP 
activities) 

PROCEDURE > SELECT-ORG-UPD 

LONG NAME > SEI,ECT ORGANISATION UPDATE 

TYPE > ACT 

LANGUAGE > Not used 

DESCRIPTION ::> (Description of the activity) 

etc. 

The RELATE PROCEDURE command was then used to build the activity 'structure' 
as follows 

REPEAT RELATE PROCEDURE 

PARENT PROCEDURE :;::io TRAP 

CHILD PROCEDURE .:> ORG-UPD 

llESCRIPTION ::> (Not used) 
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PARENT PROCEDURE 

CHILD PROCEDURE 

DESCRIPTION 

> ORG-UPD 

:> SELECT-ORG-UPD 

::> (Not used) 

External activities and holding points were also defined with the types 
'XAC'l'' and 'HOI.D' respectively. 

Data sets were created as ELEMENTS and the ADD PROCEDURE command was used 
to associate the dataset to a particular activity and show its direction 
as follows : 

PROCEDURE > SELEC'l'-ORG-UPD 

ELEMENT > ORG-CHARTS 

ELEMENT-ALIAS > IN (This is a trick to show the 
clirection of the data set) 

DESCRIPTION > Not used 

A report was then constructed to show the definition of activities, 
external activities and data sets. 

Sub activities finally become a transaction process within a system 
e.g. DEPARTMEtrr UPDATING is actually a program that creates and updates 
the DEPARTMENT and DEPARTMENT S'rRUCTURE in the database. At this stage 
it is useful to identify the attributes belonging to the dataset. These 
attributes should of course, already exist as a result of the data 
analysis. That is nice in theory but in practice you very often have to 
re-examine the data analysis as a result that your findings in the 
activity analysis. The attributes belonging to a data set were 
associated as follows using the RELATE ELEMENT command. 

PARENT ELEMENT 

CHILD ELEMENT 

etc. 

::> SELECT-DEPT-DATA 

::> DEPT-CODE 
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A report of where each attribute was being used and/or changed was then 
produced to check that all data within the system was being used in 
some way. From this information, access path analysis could now begin 
(not covered in this paper) . 

7. CONCLUSION 

Once everything is documented in the dictionary it is a very simple task 
to keep it maintained. Any new personnel coming onlo the project have an 
easy job when wishing to find out the stage of the project and what it is 
all about. When using lMAGE/3000 the attributes can mostly be used 
directly as data items (with a few compromises for compound keys)' once 
again providing an easy method of maintenance. It is always a nice 
feeling when you implement that new system and you have the confidence 
that the user knows what the system is going to give him and your · 
documentation is also up to date! 
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At the 1982 European Copenhagen conference, prior to my joining OCE, Richard 
Irwin and I discussed putting forward a trilogy of papers for the &linburgh 
meeting. The intention was to reflect our joint thoughts regarding what has 
become known as Stcuct.ured Analysis and how structured methods may be used on 
HP3000 projects, especially in respect to data base design. 

When analysing any situation, it is always a good idea to step back am take 
the 'helicopter view' of the surroumings. In order to design for shared data 
environments with IMAGE, it is essential to have a firm understaming of the 
data resource. Richard Irwin's paper in the last session concentrated on this 
am how Data Analysis and Activity Analysis are normally applied in a system 
developnent. 

I prefer the role of the "devil's advocate" and have assumed that you will come 
across difficult situations in which you may think normal structured methods 
are not sufficient. My written paper concentrates particularly on the subject 
of prototyping and my thoughts on how, after all, this fits within the 
structured methods. My actual presentation will focus on applying prototyping 
concepts in your own projects. 

In the next session, we will cover mapping our results to an IMAGE logical data 
base design. '!'he first tw papers paint the background for the final UIAGE 
desigr.1 the three papers together form the 'IMAGE design' trilogy. 
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':I.tie <Dlplter industry's tcack record of suocess (?) 

It is a horrifying statistic that over half of all computer projects are either 
never implemented or are retrospectively judged not to have met original 
requirement definitions. The reasons for this are varied and examples include: 

F.nper:or's Clothes syndcooie 
The company embarked on an online system which was to be implemented 
nationally via a multidroR;Jing multiplexing network. The raison d'etre 
of the new system was the over ambitious management sales targets. The 
"F.mperor 's Clothes" syndrome prevented anyone questioning clearly 
overstated needs. 

Ten months into the project it was scrapped and replaced by a postal 
batch service into a centralised data control department. 

Frozen requirements specification 
Because the requirements specification was frozen during the two year 
development lead time, when the system cane to be delivered it was not 
suitable for the revised methods of working which were adopted a year 
into the project development. 

Modifying the system at the iinplementation stage doubled the project spend. 

Uru:ealistic deadlines 
The company management thought the project team were working on a 'state­
of-the-art' system revision on the new computer. In reality, due to the 
unrealistic time constraints, the team were carrying out a rough and 
ready conversion fr01n the old machine in a vain attempt to meet deadlines. 

The converted system was subsequently rewritten! 

Underlying reasons 

The underlying reasons are a cont>ination of two factors: lack of comuunication 
and confusion about how to proceed to tackle a problem. 

C'oolllunications: How to translate user and management wishes 
Goal/objective setting 
Analysing for change in the organisation 
General lack of standards and 'standard methods' 
llow to control/check/show progress? 

Methods: How to carry out Business Analysis 
How can the users understand this complex subject? 
How do we proceed from here? 

Using traditional methods, it is difficult to imagine how we can improve tl1e 
current track record. Let's have a look at these methods arrl identify the 
shortcomings. 
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Classical (tcaditloual) systems develapaent 

'l'he classical awroach came about largely as a me.ins lo introduce contractual 
checkpoints for software houses and clients lo a':)rne to. It asswoos we can 
usefully predetermine timescales an1 requirements and that the contract exhibit 
(Requirements Specification) is adequate as a co1n11u11ications mediwn. 

This is seldaa the case, there are normally differences of interpretation 
between the system builder, the system fun:ier and U1e system users also the 
systern user's requirements alter with time. 

Ovecall DP 
strate<Jy 

IHPl»IEH'l' 

Ad hoc request 
for services 

t=:'="I Hequirements Spec., 
feasibilityi--------• =: _ Opt~oos Report or 

study -·-· Pro1ect Charter: 

=r~~~a~ 1---------1f ~] Punctional spec. or 
design - - External Systeia Spec. ---.-----

--------·~~u-- 1nterna1 system spec. _::::__ plus Prog. Specs. 

--~----

technical 
design 

progra111Ding 
an1 testing 

training, _J~-~1 User documentation +-
file cr:eatei------- l:__: System Documentation. 

run parallel 
go live 
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Classical (tcaditional) syst:.ellS develqamt 

Thece is obviously a need to atteapt to cost justify developaents which ace 
given the go--ahead, also possibly to chose the lllOSt cost advantageous route. 
The U1eocy is fine1 in pcactlse estilllates produced in eacly stages can be 
hopelessly inaccurate. Usin;J contractual methods to tie down a fixed pclce 
with a supplier is fraught with danger dm to the lack of a ~tailed definition 
of what is to be built. Also, how do you evaluate potential q.Jality? 

The classical awcoach is typified by a linear pcogcession, pcoceedin;J 
sequentially fcooi one task to another. This is shown in the Gant chart below. 
Once a task is •finished•, the results are cast in stone ancl never re-examined 
- this is focmally cecognised by iaany organisations who •freeze the 
specification". 

- - - T I II I - - -» (ancl JOOReY spent) 

Initial study xxxx 
Functional design xxxxx 

B 
•rechnical design xxxxxxxx 

v 
P1ogra11111ing xxxxxxxxxxxxxxx 

B 
System tests xxxx 

N 
File creation xxx 

'l 
Run parallel xxx 

s 
Go live ->->-> 

Document xxxxx 
user in touch? YYYYHYYY II> II> ID II> ID II> ID ID ID ID nY 

With this approach, it is necessary to carefully plan the project using 
critical paU1 analysis methods to ensure that slippages in one area don't 
impact dependent linear tasks. 

People who work this way oormally effl>loy bottOlll 1.4> testlng1 first Dldules ace 
individually tested, then program groups, then the system as a whole. This has 
several disadvantages: duplication of testing, creation of a system testing 
bottleneck at the end of the progranning develqnent an:I unnecessary delay in 
finding ercors of interpretation between ueers/analysts/designecs/progranoers. 

Beware of elapsed develoJ;¥nent times in excess of one year, experience shows 
that peoples' estlmates become increasingly inaccurate with tillle. A lot can 
happen i.n tlrKI years - the user manager could be prcnoted an:I replaced by 
someone with different ideasa the system furder may retlce1 technology may 
force chan<Jes; Uie organisation objectives may change etc. 
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Structu[ed systems developoent 

The steps in Structured Analysis are shown below in the form of a Data Flow 
Diag[am (itself one of the methods of documenting Activity Analysis). 

In the p[evious session, Richard Irwin explained the various stages of 
Structured Analysis and covered the twin subjects of Data Analysis and Activity 
Analysis. These are the first steps in a structured systems developnent. 

Later in this trilogy we will deal with Access Path Analysis and the Logical 
and Physical Data Base Design. 

[ ::KEITT/ l 
USEH 

REQUEST GLOBAL 

DATA 

OU'A >:. 

SYSTEl1 
REQUEST 

Gt.OD.AL 
ACTIVITY 
1JEF1NlTION 

DATA 

Ul'AGRAMS 

Normally I would advocate the route of Structured Analysis and Design. There 
are circwnstances, however, where it may be useful to incorporate prototyping 
to some degree. 

A couple of pages on, I start to explore various methods of prototyping and 
where these may be useful. Before going further, however, it is useful to 
examine the different types of DP related systems and also some of the 
misawrehensions we labour under regarding system users/funders. 
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Different types of DP related systems 

Organisations initially p.irchased computers to streamline administration and 
repetitive clerical functions such as payroll. As these were accounting 
orientated appplications, control of DP was vested in the Accountant or VP 
Finance. In larger organisations, many of the easily identified business 
application areas have now been comp..1terised, future develo(lllents being: 

Further refine existing af{llications 
Attempt to consolidate applications 
Enter new spheres 

(Routine DP) 
(Information systems) 
(Decision suf{lOrt, OA) 

System Main Design 
Classification Payoffs ooncecns 

a:>utine DP (eg Payroll) 
Predetermined tasks, decision Business efficiency Efficiency of 
rules and transaction flows, fast turnaround, quick bulk operations. 
often high volume. Routine DP answer to enquiries. Matching work 
forms the bulk of conventional patterns. 
systems. 

!------· 

Information systems (MIS) 
Consolidation of Routine DP Better information to Powerful end-user 
systems, to answer unanticipated decision makers. friendly language. 
queries or queries which generate Effectiveness of 
secondary operations. ngmt operations. 

Decision support systems 
Unstructured use, not fully Better decisions (eg 'lbe user may wish 
anticipated. Does not automate "Head up" aircraft to maintain his 
the decision but supports the tactical display: own data base. 
executive who makes the decision. kill/no kill). 

1---
Process oontrol 
Extremely structured tasks. Better and faster Speed of process 
Huge volumes of data, but control of complex (real time) 
normally only kept for short processes. 
periods (gauge display) • 

Special co11p.1tational 
CPU dependent processes such Speed of analysis of Complex technical 
as CAD/CAM for engineering data, interaction data, normally 
product design, array processing with designer. unconnected with 
for weather forecasting etc. routine DP system 

Office autol1iation 
Support of secretarial services Initially aesthetic Ease of use with 
such as document production, until sufficient long finger nails 
appointment setting etc. coarnunications links (eg: infra red 
Uigh degree of integration in are in place. touch screens). 
future with comnunications. 
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Cooloon misaa>rehensions regarding system users/furdersjbuilders 

I referred earlier to the overall computer industry "success rate". This stems 
from lack of cOlllllunication and misunderstanding about the role of the user. 
Users are not "system builders", yet we labour urrler many misapprehensions: 

users know what they want1 They are able to functionally describe 
their activities. They have a complete urrlerstanding of 'state-of­
the-art' computer methods and are consequently able to decide their 
particular requirements. They also agree amongst themselves. 

They subjectively cnst analyse potential solutions: Users perceive 
what is expensive and what is cheap to produce. They only want cost 
effective solutions. 

Users are wildly enthusiastic about new systems: They forgive you 
your previous failures, they believe you can achieve miracles. 
They accept that a computer solution is the right one. When the 
systein is delivered they will accept it without criticism. 

'I.bey are fully camtitted to the project: They have the time to fully 
specify their needs to you. These needs will not change during the 
course of developnent. At least one user will be allocated to the 
project full time to assist and co-ordinate. 

Management is cmmitted to quality solutions: You will be allowed 
sufficient time for investigation aiu analysis work before starting 
the implementation. After the system is delivered you will be allowed 
to complete the documentation in detail. You will have a 'post­
implementation audit' of the system. 

'lbere are no politics involved: The EDP personnel (who report to the 
Accounting/Finance wing of the organisation) will be allowed total 
freedom to investigate Production Depts arrl question established work 
procedures etc. 

Users understand Management objectives: Management has identified 
objectives. Change studies are carried out to establish who/what/when 
are involved in change in the organisation, Uie ramifications are 
understood. 

The system builders are asked to develop software on time, on budget, which 
forms the building block of the future •••• , which meets the known (and 
unknown!) requirements of users. It is in this environment that system 
builders are turning away from classical methoos and looking at prototyping as 
the universal panacea for futuce development. 

Let us then look at prototyping aoo define what is meant and what we hope to 
achieve by this metJ1od. 
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What is a prototype? 

Engineering prototype 

The computer industry usage of the word 'prototype' is a rather unfortunate 
misnomer due to the confusion with the automobile/engineering usage. The 
engineering connotation is that of an archetype, the pattern of perfection, 
'the first or original type or model from which anything is copied'. 

In this context, develo[lllent of a prototype is the prelude to full scale 
production. The prototype exhibits the essential features am functions of the 
final product and probably costs millions of dollars to develop. This has no 
parallel with DP; our problems are one off - not mass production. 

'J.'hrow away/siiwlation 

Within our industry, one connotation of the word 'prototyping' is that of a 
throw away system. The system is developed in a very high level language {such 
as RAPID) and shows some of the proposed features; the user agrees the design 
and the systan is then developed 'properly' in CDBOL/SPL etc. 

I would prefer to refer to this as a 'simulation system'. 1he major difference 
is that the simulation system is incapable of being used; whereas a prototype 
automobile would normally be capable of being driven on the roads. 

Simulation systems may be used at the Requirements Definition or Functional 
Specification stages as an alternative to the boring 5000 page Victorian Novels 
which masquerade as decision requests reports am documentation. 

Structured {top-down) prototyping 

Working on the HP3000, it is most likely that you will be building Routine DP 
type software. This environment is typified by well defined transaction flows 
and predetermined tasks. Your most productive usage of prototyping will be in 
'skeleton systems' and the top down developnent of user requirements. This is 
the main area which my presentation at Filinburgh will address. 

Expect systeo\ltrne prototyping 

The major use of full prototyping today is in the area of Decision Support 
Systems. By Decision Support Systems, I do not mean VISICALCI, but rather user 
systems which directly rather than indirectly affect decisions. This use of 
prototyping is best described by Keen's triangle overleaf. 
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c; 
Decision Support Systems 

1'he term Decision Support System is pertinent to a situation where a complete 
solution can only be developed by an adaptive process of learning and 
evolution. It is recognised that conventional analysis routes will 1'¥lt supply 
the user feedback - perhaps the problem cannot be described until solutions are 
apparent. 

Additional problems are introduced when working in this manner: when do you 
stop the iterative process of analysis, design, feedback; any system produced 
becomes self extinct if the iterative process is allowed to continue. 

outside-in 
design 

evolution of -------­
system function 

Keen's triangle above shows the three way iteration between the user, the 
system builder and the system itself. For example, use of the system by the 
user prompts change requests to the builder. 

This three way learning clarifies whether true prototyping can be used as a 
methods of developing routine DP applications. Where there is only one 'right' 
way to use the system and the user must adjust to it, rather than visa versa, 
then this approach cannot be used in its entirety. 

This is normally the case for convent ional DP projects and I would suggest you 
use prototyping concepts as part of a structured way of &ystem develo(lllent. 
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)f 
lliat do w hope to achieve by structw:ed pcot:otypiDJ? 

Prototyping is seen as a neans of clarifying user needs. It has considerable 
benefit to the enJ user in that it eliminates the surprise they may have at the 
eoo of the developnent process - particularly annoying if their needs are 
incorrectly defined, left unsatisfied or inl>lemented in an unworkable maMer. 

Prototyping by definition must be an interactive developnent process with 
considerable enJ-user involvement. Interaction of users anJ system builders 
provides for improved descriptions of user requirements1 even though in the 
short term it drastically reduces productivity, leading to high initial costs. 

Prototyping is not a way to avoid correct analysis of problems but it is an 
attempt at verifying the correctness of a design against specific problem 
requirements by the use of an actual construct. Speed is not of the essence1 
you are attempting to define detail anJ any software developed without due care 
anJ attention to detail is unlikely to assist fo refining that detail. 

There is no reason why a successful prototype caMOt be enlarged/expan)ed when 
constructed correctly, into an actual working system (do not prototype in a 
language which is unsuited for the final system, make sure that a mix of 
languages could be supported). Simulation can provide much that prototyping 
can in the way of evaluation of solutions in a shorter time frame, but cannot 
be part of the final solution. Incremental system developnent will reduce the 
'surprise' element mentioned earlier as small parts of the system come through 
on a regular basis1 however, overall system objectives can not be evaluated 
until the final increment is in place. 

Prototyping should be a deliberate decision as part of the developnent strategy 
anJ should therefore fit within the structured methods. Do not allow designers 
aoo programners to just go off an) do their own thing! 

Mlere 1liOOl.d you use prototypl1¥j? 

In the early days of computers, many analysts had the superb backgrounJ of work 
study/a ' M. Nowadays many analysts come from an operations/progrC11111ing 
backgrouoo or straight from college, seldom have analytical skills anJ are 
really System Designers. 

Using prototyping in this situation (ie the system builder is incapable of 
interpreting user wishes) may be ill advised, but is probably more suited than 
conventional developnent methods. Online interaction is particularly difficult 
to comnunicate to virgin users. 

Other than 'internal sales' situations, the major use could be where the user 
has insufficient resources to both cope with existing work load anJ also assist 
in defining requirements. You may decide in this case to first develop a 
simulation system, then to further develop into a prototype anJ then further 
develop and implement. 

I would, however, question management coomittment to the project anJ the 
likelyhood of successful implementation. One of the disadvantages of such an 
ad hoc approad1 is the de facto hardware selection. 
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Structured Analysis 

The overall method of structured prototyping breaks into three distinct 
activities (assuming some form of Business Analysis or Feasibility Study has 
already been carried out): 

Structured analysis: breaks large complex problems into more solvable chunks 
using Data Analysis and Activity Analysis 

Structured design using Iterative Prototyping as a means of ronfirming 
decomposed structures from the analysis r;tiase. 

Structured inplement: testing on a top down basis and implementing parts of 
the system as ai:plicable. 

Structured analysis would be our preferred method when determining a strategic 
plan for an organisation, the global data and activity working papers then 
forming the basis of later 8Il>lication orientated studies. Richard Irwin's 
paper on data analysis describes the use of Data and Activity modelling from an 
individual project basis rather than in the corporate sense. outputs from the 
Structured Analysis stage would include: 

Data Model showing entities and relationships 
Data Flow Diagrams showing high level and decomposed business activities 
Data Dictionary documentation including: 

Definition of entities 
Definition of relationships 
Definition of attributes (at least the key or identifying attributes) 
Where used matrix of entities/attributes 
Definition of system procedures and external activities 
Definition of data sets and sinks (holding points) 

You can see from the above that the majority of analysis conclusions and 
documentation are derived directly fran data dictionary outputs. If we were 
able to influence DicrIONARY/3000 developnent we would suggest the automation 
of the production of Data Models and DFDs such that AIL development information 
is rontained in the dictionary. 

(This is not difficult - we developed a small version of this 
type of system fDr our internal use running on an Apple II with 
graph plotter. In many instances we are brought in to advise at 
the strategy planning stage, well before hardware is considered 
and we needed a portable system to sui:port a data dictionary with 
automated graphics output for reports etc.) 

Structured Analysis is an iterative process; the information we initially 
collect will not be complete and will be successively refined throughout the 
project as one's perception becomes clearer. Not all the attributes (which 
later map to data fields) will have been identified, probably only the 
important ones. It is likely that hardly any of the attributes will have 
type/length definitions. 
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Structured Prototype: first level 

Having decided to use prototyping, we take the outputs fraa Structured Analysis 
and create an umbrella structure of the proposed system: 

---.... 
/ .......... 

./ ............ 
....... 

At this stage the menu sereens contain a description of the lower level 
screens, the lower level screens probably only display the screen name ar¥1 a 
description of the activities which would be available on the screen. It would 
be rather a neat convention if the screen name reflected the deOOll{X>SE!d 
activity name (eg V-1.3: Dept Update). 

A simple program is then used to control the simulation, allowing the user to 
navigate the system using function keys. Where linkages between screens are 
data dependent rather than fixed, this may be driven by input fields and the 
Enter key. By all means put some typical data fields on the forms, but do not 
access these or refer to them in the program other than for navigation. 'Ibis 
type of simulation/first level prototype should be available at a very early 
stage in the project. In a large system, spend no Q)[e than two to four weeks 
defining screens and writing the driver program before showing to the user. 

The feedback at this stage allows you to confirm that the overall scope of U1e 
project is correct; also that the way the functions are hung together is 
probably acceptable. Alteration in scope or method of system navigation can be 
quickly made and shown to the user. 

At this stage 95% of the functionality of the program will be VPUJS screen 
handling and the first level prototyping could be programned in TRANSACI'. 
Alternatively you could develop the system in COBX. dynamics with judicious use 
of pre-written VPUJS/IMAGE routines. If using TRANSACl', the only entries made 
in DICrIOOl\RY should be those of the VPUJS file and the forms within it. 
Ito attempt should be made at this stage to define data bases, elements etc. 
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Structured Prototype: work study 

One of the most valid masons for doing a simulation or prototype is to get 
feedback from users on natural methods of working. Activity Analysis enables 
business activities to be successively decomposed but is not very good at 
describing activities enforced by logic checks. For ex~nple, if a user is 
entering invoices and the supplier is not yet on file, it 1oDuld be nice to be 
able to add the supplier at this point and reswne, rather than backing out to 
MENU-SCREEN, down to ADD-SUPPLIER, back up to MENU-SCREEN and then down again 
to INPUT-INVOICE. 

Many designers have little understanding of user '-Drking methods. It is quite 
conmon to see all file-adds in one structure block, all file-updates in 
another I all file-deletes in, a third block. A few minutes thought would lead 
designers to recognise what an unfriendly system they have created. 

When you are investigating the system, ask to spend some time in the user 
department and study the work flow. Get the designer to watch the sequence of 
events in the current method of working and relate this to transactions in the 
new system. You will find a transaction breaks down into manual tasks (eg file 
the invoice) as well as computer tasks, Fit long response program actions into 
the work flow at periods where the user is doing manual tasks. 

A useful method of anticipating system response (also useful in other areas) is 
Queueing 'l'heory. Using queueing theory and work study together you can quite 
easily calculate how many input people are needed for a given number of 
transactions, given peaks etc. 

Much is written about the ergonomics of hardware design - is the terminal 
keyboard at the right height etc. Little thought is given to software 
ergonomics, yet poor software design is probably the cause of more user strain 
than poor hardware design. 

Try to be consistent without being unnecessarily rigid. Use standard 
approaches for function key usage, 'HELP' screens etc. One neat trick with 
help screens is to drive them from the procedure documentation within the data 
dictionary. 

Some designers seem to think users like working in batches - this is patently 
untrue. Users cannot see why computer people force them to add things up and 
log in batch control books! Unfortunately there are few enlightened software 
designers abouti even HP's new accounting software (UPF'A) fails to make online 
updating across subsystems and uses batch runs instead. 

T- this the wav manual douhle entrv hookkeeoin<1 works? llclve vrn1 rPrillv 
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Structured Prototyping: secord level 

Language coosidecations 
Having gone through one level of iteration with the initial prototype it is now 
time to expand to the next level. This is probably the last chance you have to 
decide which language to use for the system. Other than performance and speed 
of programning, an important decision cciteria is segment/sul::program switching 
speed. Subprogram calls in TRANSACT are terribly slow - the only workaround is 
to write one large monolithic program to handle the whole system. 

Terminal hardler 
I have assumed up to now that you will be using VPWS. Certainly prototyping 
is easier to initiate using block mode, but many system builders including 
myself prefer character mode with formatted screens. Users also tend to prefer 
character mode but unfortunately VPUJS has become the standard screen handler 
on HP3000. 

File hardl ing 
The second level prototype should still not include data base handling, however 
you may chose to incorporate a suitable skeleton routine which at this stage 
returns dumny information relevant to the particular screen. When the system 
goes through third level prototype, this routine would be modified to use the 
global IMAGE procedure rather than returning dummy data. 

Second level tasks 

Corrq;>lete the screen/function hierarchy 
Examine methods of streaming and MPE interface (eg ()JERY) 
Complete as much as possible of the screen detail 
Determine procedure sharing amongst functions (eg IMAGE/KSAH calls) 
Group functions for segmentation/subprogram structure 

The second level prototype should then be demonstrated to the user and 
preferably left for them to play with. This is probably the last time you will 
get major function structure changes (ie knock out this facility, combine these 
two into one, add this function). 

Only at this stage need the user commit to a particular system design. Once 
this has been accepted by the user we can move on to the third level of 
prototyping. 

In the meantime we have by default already started our Structured Testing 
activities. By using the hardness/skeleton which will form part of the 
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Structured Prototyping: third level 

we now need to convert our prototype to a working system. During the two 
stages of user iteration the Data Model ard other documentation should be kept 
up to date. We should now be able to fully define attributes (fields) in terms 
of their type, storage length, length. on VPUJS screen; the Element definitions 
in the data dictionary are now updated. The definition of the finalised VPLUS 
forms are input, cross referencing the data elements used on the forms. 

We can now finalise the Entity/Attribute matrices. These are used in the 
design the data base but our next activity is to examine the prototype 
functions in light of the data model and document access path requirements. 
Access Path Analysis will be covered in more detail in the next paper, but 
briefly the objective is to document entity navigation, search keys used, 
frequen~y of access, speed of response required, numbers of entity occurences 
involved in order to make subjective decisions regarding IMAGE paths. 

Having deciphered this information we can map our refined data model to IMAGE 
(also covered in the next paper} and create the data base. Finally we can 
start the implementation phase proper and our main task is now to remove the 
dlUlmy stubs and replace with DATA B!\SE handling calls, preferably through a 
centralised routine (DBACCESS). There are other tasks, for example, defining 
tl1e locking strategy 

The dictionary should be used at this stage to cross reference Procedures and 
Elements for future 'where used?' enquiries. Hewlett-Packard are rumoured to 
be developing a routine to build copylibs from dictionary. As we couldn't wait 
we wrote our own in-house system. The advantage of generating copylibs from 
dictionary is the control you can now exercise over prografllllers and the 
structures they access. It is impossible to enforce the Procedure/Element 
cross references in dictionary without oopylib generation. 

The develo[Xllent emphasis should be on those functions which will allow us to 
start the file creation, again using top down testing as we proceed. When 
modules pass final tests they can be released to the user on a controlled 
basis. In this manner the actual handover may stretch for several months, but 
from the user's viewpoint will probably fit in better witll his current 
workload. 

Conclusion 

1'he methods I have described owe less allegiance to prototyping theory (as used 
in Decision Support Systems) and more to the application of Structured Analysis 
and Design. Nevertheless, my main contention is that uncontrolled prototyping 
is unnecessary when developing a Routine DP system due to the easily defined 
nature of the system. 

The main use of prototyping is to ensure the system is egonomically correct and 
models efficient work patterns. Cynically, prototyping is also an excellent 
metl1od for obtaining user involvement. 

2· 15 



Bibliogril[ily, a::eferences, Sl1\19ested reading (publication date order) 

1. "Adaptive design for Decision Support Systems" 
Peter Keen: ACM SIGOI\ Vol 1 No 4/5 Sep/Nov 1980 

2. "Data Analysis - The Answer to Successful Implementation of IMAGE" 
Richard Irwin: HPil.ll Berlin proceedings October 1981 

3. "This is IT: A Manager's Guide to Information Technology" 
John Eaton ' Jeremy Smithers: Philip Allen Publishers Ltd 1982 

4. "Management: Key to Successful Systems Implementation" 
Gary Langenwalter: HPI03 San Antonio proceedings March 1982 

5. "User Friendly Software Development" 
Ivan Rosenberg: HPI03 Montreal proceedings April 1983 

6. "Software Prototyping: Today's AJ::proach to Information Systems Design" 
Orly l..arsen: HPI03 Montreal proceedings April 1983 

7. "Prototyping Interactive Information Systems" 
Mason/Carey: ACM Conmunications Vol 26 No S May 1983 

2-16 



,. 

l\bstcact 

IJatabaSE3 Consultants eLiope b.v. 
Keizersgracht 557, 1017 DR Amsterdam. Telefoon +31 20 - 22 42 43 

IMl!GS DESI<Jf: ~ical Data Base Mawing 

A presentation to the 
HP3000 International Users Group 

European 1983 Conference 
Edinburgh October Jed - 6th 

Timothy R. OJJ.Us 
and Richard Irwin 

Database Consultants BUrope 
69, Grasmere Gardens 
Harrow Weald, Middx. 

HA3 7PS England 
Tel: (01) 863 2428 

This is the final paper in the IMAGE design trilogy. Having covered various 
structured analysis methods in the two previous papers, we now look at ways to 
map our conceptual thoU<Jhts to a firm IMAGE data base design. As a case study 
for the data base design, we have u~ r.etrospective-·ideas for- a system to 
handle HPIUG conferences. 

Historically, there is little continuity of experience· frOlll one conference to 
another either fran the host 0011111it.tee, the IUG board-or even from .. IOO. 
employees. Twice a year in Nortl! Merica and Europe, ·conference hl>st 
comnittees reinvent the wheel. By the time the host COlllllittee ai;preciate 
better ways of doing things, the next conference has already passed the 
relevant plaru1ing stage. 

We decided (in the Edinburgh host conmittee) that we. would document our 
experiences in organising this conferencei 'this paper is one step towards the 
documentation. 

In practise, our conference organisation is being run on a mixture of HP3000 
accounting software, IBM S/34 hotel bookings systan and HPlOO Condor based 
speaker/session control system! Looking at the first pass Data Model overleaf 
we recognise the data area (and therefore our adininistration) is more complex 
than necessary. 
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First pass Data lblel 

The quickest way to get a understanding of a situation is to construct a Data 
Model. This is the first pass and took about 30 minutes of thinking and 
sketching. It already embodies some recognition of activities - the SPFAI<ER 
entity has been separated from DELOOATE and VFJIDCXt EMPUJl(EE as at the time we 
need SPEAKER information we do not have the other data available. 
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As we get nearer the conference, our ideas will be refined. Initially we 
thought the relationship between HOl'EL RXJM and DELEGATE \«>uld be 1:1 however 
due to the success of ix>okings this is no longer the case and some delegates 
are doubling upl 

Our outline ideas at the time the papers go to press will undoubtedly have 
altered by October. The full text of this session will therefore be available 
as laser printer output and will include: 

Conference Data Model and Data Flow Diagrams 
Activity Definitions and Access Path requirements 
Data base mapping rules for IMAGE/3000 
Finalised data base design including physical design considerations 
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/\ KS/\'I !fondler 

llruno fl. Freudenthnlcr 
HP Vienna, 8EO Depnrtment 

A. Reasons for the KSAM Hnndler 

ThB project to develop n KS/\M Handler wns initiated by n 
software house which implemented n hardware-independent 
:ipplicaUon on the HP/3000 containing the fol1owine 
fenturen: 

1. The "detn base" consists of approximately eighty (80) 
KRAM files altogether. 

2. ?he users run a large set of program In scusion mode 
using process handling (UMAINtUSONM). 

3. The users frequently create different processes and 
exit neni n. 

4. U:;f,r lor,ging is invoked for every file in every user 
procesB. 

Running the workload described above on about 30 terminals 
on nn HP/3000 model 44 with 3 megabyte of memory, 1 drive 
7925 and 2 drives 7933 revealed the following problems: 

1. 8everel MPE Operating Rystem table limits were reached 
or even exceeded. (ueer log id'R, DST etc.). 

2. The startup time of a single process turned out to be 
very long (at leaet 50 seconds, containing G to A seconds 
of nctual creation/activation time) due to the fnct that 
n large number of KSAM files are opened immediately 
nfter creation/activation of the process. The "lo~icnl" 
open of a KSAH file consists of at least three (3) physical 
file open's which again keeps the system disc busy. 

"'i. The locking strategy has been implemented hy using 
exclusive file opens creating additionnl disc I/O's. 

For that reason a "KSAM Handler Subsystem" has been develope~ 
l1y the fly stem Rnei nee ring Department of !IP Vienna. 
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R. Qvcrview of the KnAM Hnndler 

nw K8Afl llnnd l er subsyr; Lem prov ides RO CRSY progrnmmn t I c 
nccess to K~AM files. 

First of n11, jt eliminntes a part of the overhend ~cnrrnted 
by usine conventional K8AM intrinsics, especinJly when opening 
or closinc, K8All files. 

Recondly, it not only allows conditionnl file locking, but 
also conditionnl record locking, a feature not normnlly 
supported by the K8Atl subsystem. 

AlEio, it optionnlly performs logging concerning nll trnns­
actions that somehow modify the contents of the dntn file. 

A confii_;urntion utility (lrnAllCONF) allows the operntor 
to incl wle K8Afl files for being handled by the Kf1A!1 handl£~r 
or to chnnge subsystem parameters. 

An initinlization routine (KSAMLORD) starts one process per 
configured KSAll file nnd allows the operator to obtnin 
information about the active handlers and 11sers respectively. 

A clennup routine (K8AMKILL) performs the removnl of users 
in case of unexpected user process aborts. 

A handler process is stArted per configure<l KSAM file nnd 
performs all file nccess functions. User commands nn<l data nre 
exchr111eed vi o messaee files. 

The user communication procedures allow the user proernm to 
perform the communication with the KRAM handler(s). 

Additionn.lly, a second layer of user communication procedures 
may be used by the oppl !cation programmer(s) which cher,ks if 
the KRAM handlers nre nctivated. If not, the procedures open 
the KSAM file(s) directly. 

Using this layered implementation philosophy plus a small 
set of operating system dependent procedures In "privileged 
mode" all application progrAms remain object-code compatible 
and morcof the h11ndler is totally transpPrent which hns been 
a major design goal. 

Further on, we need the following files for the subsystem: 

1. The MARTER-file contains nll configuration parameters 
(e.g., names of "date bnses", number and nnmes of 
K8AM flles, tnble lnformntion for active users or filcn, 
loe-id'n et.c.). 

2. A set of mcssR~e files is used for trnnsmittin~ the 
requests to thH differ•~nt twndlcr proceBses. 

A similar net of mP,sflaee files is uned for trnnsmitting 
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the anGwern tu the different users. 

4. Jn c11oe of np11licntion process l'lborts or nirnllnr 11nfon,secn 
uvento a dedicated message file is used for trnnsmltLine the 
process-opccific oocnllAd "user nurnbera" (nnrvinG the purpone 
of idcntifkntion) to t.hr cleanup routine; I.his cJennufl 
1·outine performs the tusk of sett Ing the usElr numbero fren. 

C. !low it workA 

'l'he user rou 1, l nes hns i cnJ ly ful fiJ the fo"I I ow i 111~ b1nlrn: 

I. Open the ~AnTER-fiJe and obtain e uoer number. 

First of nil the user job control words dedicated to the two 
possible process levels of a job or session nre checked if 
they arc established. If not, they are created and S(~t to 
zero; if yes, they are teated if they are set to zero. If 
they contain any other value but zero it has to be a user 
number thnt could not be set free before. In thnt cnnc, n 
messaee is sent to the KILLUSER messnee file which mnkcs the 
KflAMKTJ,J, process resume execution and perform the nhor t of 
R uaer number by sending a "remove user x" mr~Bs'>r,e 1.o each 
active handler, locklne the MASTER-file, clenrinr, the "nctivn 
user bit", unlocking the MASTER-file and lssuin~ the next 
rend request against tho Y.TLLUSER messaee fi.1.11 which sets 
the KSAMKJLL into n "blocked for 1/0" stALc. 

The MASTf:R-fiJe is opened with the GlllJLTI option. ln order to 
obtain a unique user number the MASTER-file is locked nnd the 
"active user bit map" is scanned for u free user number anrl 
the correspondinB hit is set "Rctive" herenfter followed by 
the unlocking of the MASTER-file. 

After that, the user specific messnge file with the nctunl 
nnme "HES3xxxx.KSAf1UflER.KSAt11JTIJ," is opened for input. ':'he 
string "xxxx" is replaced by a four digit numPric string 
containing the user number obtained juRt before nnd pnddcd 
by leading zeroes. Also, the user number is snved in the 
specific user job control word. 

2. Establish the "physicnl" communicntion link ton 
certain handler process. 

The KnAM hnndlcr directory contained in the ~AnTER-file is 
ncnnned for t.he name of the KRAM file wh i eh is to be opened. 
If the file name is not found, the user procPdures hnve to 
provide the necessnry KHA" calla in order t.o perform the 
file 1/0. If the name is found in· the dircetory, the corres­
ponding messnl~e file of the handler lo op1merl :rnd the further 
I/O requesto will be routed to the handlers vin the meesnee 
file. It seems worthwlle noticing thnt the user mny use nny 
nPE file cquntions; nil of them nre resolved by our procedures. 
This menns that nny formal file nnme IA trneed bnck to the 
ncLual file name which in the one contnincd in the KRAn 
hr•ndler directory. 

3. Rstnh11oh t.he "lo~icnl" communication link ton 
certain handler process. 

The ll!HH' procndure sencls. n record to 1.lw V.:~Af! h'lnd 1 er mem:;r1ge 
filf• cont•dnint~ t.t1P. dPr.ired open opl.lon (nli:in•r1 or nxcl1111ive) 
:incl nftr. ds w:1i l;o for f;hc mess111~e 1wn I. hy l.l1P J<:1f\11 hnn•ll •.n· 
t.o t,tw 11< specific mensnge filr. which 111u,y In· rd 1.h"r succenn-
ful or unnuccnsoful. 
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4. Perform the communication. 

In nnolocy to the "open" trnnoaetlon ell the other rnguesta 
nre exehnnced between the usnr nnd the KDAH hAndler(oJ. ~hn 
list of nvnilnble commands is eontnined in the appendix. 

Bvery KAAN hnndlcr mnintnina user specific tnformotlon 
about the record numbers nnd chains he has nccessed 
in the lnst call in the same wny ns the KSArt intrinnico 
do it. Thus the user process does not recogniRe the 
difference whether he obtained the dnta or return code 
from the NPE file system directly or from a handler. 

If the users wont to perform logging all transactions of 
the KSAl1 hancl lers invol vine o.dd, update or delete are logged. 
For that pnrpose the operator only has to specify n log Iden­
tifier in the NAS~IR-file using the utility KSANCOHF. Also, 
the "timer" nnd "trnce" option may be invoked per dntn base. 
The timer option prints n usage statistics of nll implemented 
requests, namely the number of calls, sum of CPU-time and sum 
of elopsed time. The trace option shows the type of request a KSAM 
handler has received from a particular uaer 1 hut not the 
dntn. This option is especially uaeful for establiohtng n 
user interface or debugging purposes. The output of the 
trace option is sent to the operator console. 

5. Close the "logical" communication link. 

The transaction of closing the "logical" communication link con­
sists of the same sequence of operationa na the opening hnnctshnke; 
this feature shows one of the advantages over the conventional way 
of opening n KSAM file by avoiding the overhead of accessing the 
ayatem directory etc. 

6. Close the "physical" communication link. 

The cloning of the "phyaical" communication link shell only be 
performed once just before exiting the process or if the 
communication will not be needed aenin durine the execution 
of the process in order to omit unneceooa.ry overhead. 

7. Return the user number and close the MASTER-file. 

The procedure performing this task should be called every 
time before exiting o process. Its main task is to return 
the user number which is performed by locking the rtAS7ER-file, 
clearing the specific "active user bit" and unlockine the 
llARTF:R-file. Hereafter the specific user job rontrol word 
io reset to zqro nnd the user input messngc file is closed. 

If the procese nbortn unexpectedly, the user number of thn 
process ea~not be returned properly. How, if the next procenn 
is sta.rtecl immediately without lenvine the job/Hession, the 
stnrtinc routine tnkes care of that, but tf the job/eeesion lo 
t.ermi nn ted this mfly ere ate pro bl ems if it hnppens too often. For 
thnt purpose a npecinl program mny be executed which checkn the 
uoPr joh control wordn :HJcl performR,tlrn snme ntepn to clenr 
"dnnd" uner numbers nn cleBcribnd undnr pArn1~rnph ?. 
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n. Preliminary Test Results 

The usage of the KrAM handler showed tho fullowine 
preliminary test results: 

1. A lot. of table entries are saved (only 1 user log-id per 
handler, 1 KHAM file extra data segment par handler etc.). 

2. The startup time is reduced by approximately 30 percent. 

3. Si tuntiono involvinf, the lockine strate11,y improved by 
40 percent and more. 

It must be mentjoned that up to now the emphasis has been 
put on debugging the software and tho comparison with the 
conventional KSAM intrinsics has been neF,lected, but the 
comporisons will be performed in the near future. 
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List of commanils for the KSAtl-Jlandler: 

CL close (lo~ically) 
DE delete knynd 
Dt delete locked record 
RR erase all data within the data file 
IF info about open file 
IL info about locks 
IU info about user 
KY keyed rend 
J..C lock chained 
LP lock file 
J,K lock keyed 
LP lock partial key 
LS lock serin.l 
OP open shared (logically) 
OX open exclusively (loeically) 
PK partial keyed read 
RC read chained 
RL remove locks 
RS read serially 
RU remove user 
RW rewind serial pointer 
SD shutdown KSAM 
UK keyed update 
UL update locked record 
UH unlock file or record 
US update serially 
VS write serially 
VT write keyed 
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KSAM Handler 

D D KSAM key files D D 

D D KSAM data files D D 

fig. I: Conventional KSAM tile opens 
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KSAM Handler 

HB28 

t 
Hondl•r mes&GQ• filea D 

D U1er message files D 

192 u1er proce98es 

Fig. 3: Over~ew of proceaa etructures and meaaoge files 
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TRIPLE CONVERGENCEJ SCOTT I Sil LIBRARY 
INFORMATION SYSTEMS ON THE HP 3000 

Bruce Royan, SCOLCAP, National Library of Scotland, UK 

Abstract: Part or tile challeno or th& Ro•s Is tl1e converaence 
or TelecOD111111lr.atlons, na•·a Processln& an.1 lntornllltlon Science, 
'l'h,. Rcottlsh LlbrarY Network exploits this triple conver•ence to 
handlA onllne the catelOIUlllUI. acquisitions and lntollllatlon 
retrieval needs or some 25 ma~or llbrllrles In Rcotland, 
tll'fl/'1000, ur '1000 and a:>o; arP. utilized to run a n1strlbuted 
llatab/111& Rvstem bl!T.ween an S'.cllnburah-b&Sed :> n l•ahvtA HP'lono 
series W. and, tht1 Rrlttsh Llbrar.Y' s lAl"'A JRll 1,..chln•. Th,. 
scope r"r ahartng the lnt&llectnal wnrk or book cat.alogulllll an~ 
classttlcatlon la enormous, and this svstem provides botl1 thP 
contrnla and the tJPllblllt.Y or presentaUon to alloo this i:tatn 
ln productlvlU to teke Place In lnst.ltutlons or dlUerl11• size. 
constitution and outlook. .Accentence or this new technologv has 
been eased bY careful deSIAA Of the lhlll"1118Chlne lnte11aCP.. 
develo1>ln1 screens and Charact.er set.a customized Cor llbrarv use. 
'l'be orrerlMS or HP provide a natural match with the automation 
needs or the boot.: world and It la titting that this svstem 
should b• nml1111 In Rcntland ln time tor IUJ Edinburgh 1963 

THE CONVERGENCE 
More and more of our telephone calls are being switched by 
machines we would once have called computers. Meanwhile our 
computers are talking to each other over telephone lines. 
On the theoretical front, library scientists started to 
use concepts fno·m telephony at about the same time as computer 
scientists began taking seriously work done by 1 ibrarians on 
the organization of knowledge. This triple convergence of 
Telecomnunications, Data Processing and Information Science has 
come not a moment too soon for a library world hard pressed 
to maintain bibliographic control over what is popularly known 
as the 'information explosion'. It is now a conmonplace to 
point out that, for example, more scientific and technical 
literature has been published in the last 10 years than in the 
previous 10,000. What may not be so well known is the rapid 
growth in the number of bibliographic computer systems being 
developed to cope with it 0 during the nine months to April 1983, 
the number of database systems conanercially available for online 
access worldwide increased by 30%. One system of particular 
relevance to a Hewlett Packard user conference in Scotland, is 
the subject of this paper. 

A LIBRARY NETWORK FOR SCOTLAND 
The Scottish library Network has been set up to serve initially 
some 25 major libraries throughout Scotland and across the border 
in the North East of England. While 10 of the dedicated terminals 
are point-to-point, another 40 work on multipoint lines under 
MTS/3000. The problem of running so many terminals at one time 
with an acceptable response time has been resolved by using the 
package TPE (Transaction Processing Environment, supplied by Riva, 
of Bolton, England) which controls all tenninals under a single 
MPE session. To allow occasional enquiry access to a further 600 
tenninals spread across the research establishments of the ERCC 
(Edinburgh Regional Computer Centre Network), we are developing 
an x25 gatew~y into the British Telecomm PSS (Packet Switched 
Service) Network. This part of the system has been subject to a 
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range of delays, first from British Teleconn, then from HP, 
and now from our software house, but is essential in 
extending our coverage to places that could never afford a 
dedicated terminal. 

A DISTRIBUTED DATABASE 
The processes of acquisitions, cata1oguing and lnfonnation 
retrieval that our system supports are based on a bibliographic 
record - something quite unlike the sort of records encountered 
in more 'normal' dataprocessing. Modelling as it does a real 
world, where a book may have many authors or none at all, and a 
title may contain five characters or 500, this record consists 
of variable length, variable occurrence fields. The fields 
themselves may be 'local' fields related only to a particular 
library's copy of a book (whereabouts it has been placed on the 
shelves, say, or whether it has been rebound), or 'general' 
fields relating to all copies (author, title). This structure 
is mapped onto the IMAGE database system as follows. Each 
logical record consists of a master 'Bib' record containing 
fixed (often truncated) versions of fields needed for key 
access, now or in the future, with a number of other records 
attached to it. There are overflow (REST-OF-BIB) records 
completing the variable length/variable occurrence general 
data available; there are local records for each library 
holding; and there are records relating to particular orders 
for the book. 

The system went live with a database of well over a million 
holdings of 750,000 titles. This already takes a substantial 
portion of our 2 Gigabyte disc capacity, and our libraries 
continue to catalogue some 180,000 new titles a year. Added to 
this, our members required access to the vast (currently 4 million) 
and growing files of records in the MARC (Machine Readable 
Catalog) format created by the Library of Congress and the British 
Library. Fortunately, the British Library has mounted these records 
on a series of databases on its IBM-based British Library Automated 
lnfonnation Service (BLAISE). What was necessary was for our system 
to provide users with the record required, irrespective of where 
that record might be stored. The system developed (and dubbed 
SCQLCAP) exhibits the three classic features. of a Distributed Database 
S.ystem. 

Partitionini can be defined as "the separation of the conceptua.l 
database in o increments that reside in two or more locations". 
We have already seen that. BLAISE is considered as a source of 
potential requirements while SCOLCAP stores locally only the actual 
holdings of our libraries. The user does not need to know where a 
particular record is stored; this is ascertained by the system when 
the record has been requested. 

Replication can be defined as "maintaining copies of all or part of 
the conceptual database, to reduce telecolllllUnications line traffic and 
to increase availability and resilience". Studies of our libraries' 
intake have shown that a relatively small portion of the most recent 
British records on BLAISE, will satisfy a relatively large portion of 
the demand for new catalogue records: 
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As new records are added to BLAISE therefore, we also add 
them to SCOLCAP 1 dropping them if they have not been used within 
the first few months when demand is heaviest. 

fra mentation is "the distribution of the !lata elements of a 
109 ca record across more than one locatipn". After a book 
has been ordered and catalogued, the 'vo lat ii ity' of its record 
begins to decay. Put another way; the records most likely to 
be required for consultation or amendment are those that have 
recently been created or amended, and once through the initial 
active stage are unlikely ever to be touched again. When this 
relatively stable state has been reached therefore, the system 
automatically checks that the record is available on BLAISE. If 
it is, considerable disc space is saved by 'discarding' the 
general data from the SCOLCAP database (the local data continues 
to be held locally on SCOLCAP). Although lite user continues to 
think of one catalogue record, it is infact distributed between 
two physical systems 500 miles apart. 

The computer/computer conmunication that facilitates this 
distribution ts effected by HPs standard 2780 emulator. This ls 
far from ideal in an application requiring constant interaction, 
but was the only protocol on which all parties could reach 
agreement. Each lfne tn the inter-machine couversation ts treated 
as a file, and to prevent time-outs the SCOLCAP llP 'talks' to the 
BLAISE IBH machine all day Jong, sending regular 'do nothing' 
messages whenever there are no outstanding searches to be done. 

All this is best illustrated by an example; say a user wants to 
order two books. He asks for the first by its International. 
Standard Book Number (or Author, Title, Key words, etc). The system 
searches the SCOLCAP database, and H the book is not found, asks BLAISE 
to search its file of current British records for it, continuing to 
switch between files in thts way until a hit is found. If this 
process takes longer than 6 seconds, the user is kept informed of the 
progress of the searchi otherwise the record is displayed on the 
vdu without any further formality. The second search may find a 
fragmented record as described above. In this case the user ls 
asked whether he wants to see what is available locally (local data 
plus ~hort author/title details etc) or the full record. If the 
fu11 record is required, the general data is retrieved from BLAISE 
and blended with the SCOLCAP-held data to crt:ale a virtual record 
which is presented to the user. 

SltAR ltlG TllE I NfORMA ll ON 
This ability to present to each user his o~m vie11 of the data 
ts vital to a systeru such as this, the purpose of ~1hich is to share 
the tnte11ectua1 effort of book description behieen llldny different 
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instttut1ons. The need for thts was identified over 100 years 
ayo: 

uWhen I was a librarian 8')'Self. I always wondered at the 
extraordinary waste of power In cataloguing new books. 
While I was writing "'1 slfp according to the rules followed 
in 1110st libraries. I felt that there were probably 100 
people doing exactly the same wort.• (Prof. Max-Muller) 

Nowadays the nuA1ber of ltbrartes worldwide likely to be cataloguing 
the same book at about the same ttme could be counted in thousands 
rather than hundreds. and the Anglo-American Cataloguing Rules are 
painstakingly observed by so 11111\Y of them. that there are tremendous 
savings to be gained by allowing each catalogue entry to be made 
once and shared by all. 

SCOLCAP's libraries come tn all shapes and sizes. There are 
Colleges of Technology like Napier (once the home of the inventor 
of the slide rule). public libraries orientated towards light home 
reading, great and ancient untversity and research libraries and 
small specialist institutions like the Royal Observatory (once 
the collection of the computer pioneer Babbage). Each has its 
own policies towards the level and quality of description tt needs 
from, and 1s prepared to contribute to, Its catalogues. 

The system therefore had to control who ts allowed to enter or amend 
which field on each record to maintain its qualtty and integrity. 
This is done by means of a range of priority codes applied both 
to the records and fndtvidual users. This strict control ts 
tempered by great 'flexibility in the presentation of the data. 
A table (called a Profile) fs set up for each user specifying 
the fields that should (and should not) be displayed. prompts that 
should be given during data entry, validation applied, and so on, 
so that from the users point of view the records have been designed 
specifically for each libraries use •• 

GAINING ACCEPTANCE 
Such tailoring is part of a range of design features that were 
necessary to ensure that the twin revolutions of automation and 
cooperation would be accepted by a profession perhaps a little 
conservative in outlook. 

Considerable care was taken with the choice of the vdu, and then 
with the design of the screens that were to appear upon tt. long 
before the 3000 had been installed, a si111.1laUon of the vdu 
conversations was set up on a 2645A with cartridges, and was taken 
around a 11 the libraries for comment, the feed back from which was 
i1miensely useful in finalizing the screen layouts. The only drawback. 
was that many users becanie convinced that the system was at that stage 
already up and working, and could not understand the 'delay' tn its 
implementation! 

Similar attention was paid to the character set. libraries deal 
with a range of material. including scientific and technical texts 
and non european literature, which requires characters beyond the 
range of standard ASCII. After long consultation we developed a 
special character set for Hbrartes. It contains all of USASCll plus 
Greek upper and lower case and a range of extra national 
(Scandinavian, Polish. Turkish) characters. plus diacrtUcals 
(ac.ceots). With this set it ts possible to catalogue a11 111aterfal 
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either directly or according to internationally accepted rules 
of transliteration (eg Cyrillic). The 264xx's matrix of 
7 x 13 with half shift proved totally adequate for defining the 
characters required. The only difficulty encountered was with 
the superimposition of diacriticals. In normal printing, a 
diacritical superimposes the character it modifies (eg !!, @). 
Unfortunately there seems to be no true 'overstrike' facility on the 
264xx; one cannot simply 'or' the matrices together. The solution 
was to define a third character set (in addition to the 'standard' 
and 'special' sets) containing all known combinations of 
character and diacritical, and modify the terminal firmware to 
display from this set whenever a character "has been preceded by 
a legal diacritical. 

Our experience with the character set is an example of something 
more general. The requirements of an online distributed 
cooperative bibliographic automation system have proved to be 
specialized, even outlandish (at one agency's office I recently 
saw a poster: GOD IS ALIVE AND WELL AND WORKING ON SOMETHING LESS 
COMPLICATED THAN SCOLCAP), but they have always, so far, been 
matched by some feature of HP hardware. and software. In working 
on this project I have found out about a wide range of book trade 
systems that are using the 3000 as their workhorse. Perhaps the 
time is right for a Special Interest Group on bibliographic 
systems within HPIUG. If I can think of a suitable acronym, 
perhaps I'll set one up ••... 
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Introcluction 

A TUI GIOVS U IHAGE 
Data Structures in the ~ Database 

Theodore Dillenkofer Jr. 
Software Development Manager 

Austin Information Systems, U.S.A. 

Information aquiaition, maintenance and access has become on of the fore­
most uses of computing machinery & aof tware. Tools to organise information 
have been developed and utilized with varying degrees of effeciency. Implicit 
in the development of these tools and the systems that employ them has been 
the concept of data structures; the logical organization of data into main­
tainable, accesaable formats for uae in computerized information systems. 
Thia paper describes and explores in depth the hierarchal data structure com­
monly referred to aa a tree and bow to iaplement a hierarchal model using the 
capabilities of the IMAGE database. 
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Teraf.nology and morphology of treea can beat be co-unicated through the 
uae of graphs. A graph ta a set of point• (RODIS) defined by the termination 
vertices of descreet line aegementa (JDGIS or PATHS). Figure 1 ta a graph with 
seven nodes and five paths. A special case ta presented in Figure 2. the con­
nected graph. A connected graph la any graph in which it la poaaible to con­
truct a path between any two verticea by ualng e:dating paths and nodea. Fig­
ure 3 ta a subset of connected grapha known aa a circular or cyclical graph. 
In thia case. a path can be contructed ualng three or more nodea to return to 
the •tarting node. This structure muat be avoided when using the technique ln 
thla paper for reasons which are explained in the section on traversal 
algorithms. 

Figure 4 represents a tree structure. A tree can be defined as a con­
nected graph with no circular structures. In this paper we will deal with 
oriented trees. An oriented tree la a tree in which one node la identified as 
the root node (node A in figure 4). The other nodes can be referred to in 
teraa of levels. The root node la level aero. lodes B and C are on level 
one. nodes D, E, F and G are on level two and a. I. and J are on level three. 
A particular node la referred to in terms relative to other nodes on the path 
between that node and the root. Any nodes on the path between the root node 
and the particular node are referred to aa anceators. The i11111ediately preced­
ing node is the parent. Any nodes further down the tree fro• a given node are 
called descendant&. Deacendanta immediately following a node are called chil­
dren and a group of children with the aall8 parent la referred to aa a family. 
A node with no descendants la called a teralnal node. leferrlng again to rtg­
ure 4. node A la the root node with children B and C. I la the parent node of 
a fa11ily composed of two children. D and 1. of which D la a terminal node and 
I la a parent in its own right. The anceatora of node I are B and B. 

Ther~ is another form of tree called a binary tree. which la a aubset of 
the s~neral tree graph. In a binary tree. each node has one parent and at 
most two children. Removing node I from rtsure 4 produce• a binary tree. 
While binary trees can be used to represent the aall8 structure aa a regular 
tree, we shall use the regular tree for the purposes of demonstration. 

DIACB aodel 

NAME: PARENT-MAST. MANUAL; 
ENTRY: PARENT(l); 
CAPACITY: n; 

~AME: CBILD-DTL, ~TAIL; 
ENTRY: PARENT(IPARENT-MAST); 

CHILD; 
CAPACITY: n; 

Plsure S 

Implementing a tree utilising IMAGE la a staple procedure. Two data aeta 
are required: a manual master called PARENT-MAST and a detail aet called 
CBILD-DTL. This ls the minimum couflsuratlon ' other data seta can be added 
to simplify operations and expand capabllitiea aa explained in the applica-
t iona examples. Figure 5 shows the database aorphology and data items in each 
data set. 
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Each family in the tree is entered 88 an IMAGE chain. The parent node is 
put in the PARENT-HAST and each child ta entered into the CHILD-IJTL with 
itsparent node as the search item. Some nodes are both parent and child 
(nodes B, C and E in Figure 4) and are entered both in PARENT-MAST 88 PARENT 
and in CHILD-HAST as the CHILD of its PARENT node and as the PARENT ot its own 
children (Figure 6). 

PARENT-HAST CHILO-DTL 
PARENT ~ CHILD 

A A B 
A c 

B B D 
B E 

c c F 
c G 

E E H 
E I 
E J 

Figure 6 

In this manner a tree of any length can be constructed, limited only by 
the capacity of the data sets. 

Traversal algorltbll 

One of the most important procedures performed on a tree is a traversal. 
A traversal la accomplished by starting at the root and following every path 
to eve1·y node in the tree. In our example tree of Figure 4, the proper tra­
versal sequence is: 

A, B, D, E, B, I, J, C, F, G 

Thia is essentially left to right, top to bottom. Accomplishing this 
traversal requires the use of IMAGE'• internal chain pointers, accessed 
through the database control block as previous record number, next record num­
ber and current record number, A stack or array must be set up to hold the 
pointer of the current record being accessed in a mode 5 DBGET and the chain 
head. Figure 7 is a flowchart of the complete process. 
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STEP l: Initialization. 
The array to hold chain heads and pointers is set up. The 
dimensions are (2,n), where n is the largest number of levels 
expected. The level counter (LEVEL) is set to one, the array is 
initialized to blanks and the root node is obtained and moved to 
ARRAY(l,LEVEL) and the variable PARENT. 

STEP 2: DBFIND. 
A DBFIND is performed on the CHILD-DTL using PARENT as the 
search item value. 

STEP 3: Check for descendants, 
The number of records in the chain is checked through use of the 
NUH-RECS variable in the DB control block. If the current node 
is a terminal node, the procedure jumps to a routine which rees­
tablishes position in the preceding chain, then returns to 
step 4, Thia recovery procedure is covered in steps 7 through 
IO. 

STEP 4: DBGET. 

STEP 5: 

A chained (mode 5) DBGET is performed on the CHILD-DTL, bringing 
a child into the procedure. 

Check for end of chain. 
If the end of the chain has been 
ing chain must be reestablished, 
same routine branched to in step 

reached (DBCw-TI5) the preced­
This is accomplished using the 

three and returns to step 4. 

STEP 6: Storing inforaation. 
ARRAY(2,LEVEL) is set to the current record number of the chain 
using CURR-JI.EC-NO of the DB control block, This places the 
chain bead and the position in the chain opposite each other in 
ARRAY. LEVEL is incremented by one, the CHILD from step 4 is 
moved to ARRAY(l,LEVEL) and variable PARENT is equated with 
CHILD. Process control is then shifted back to step 2. 

STEP 7: Reestablishing the chain: part I. 
LEVEL is decremented to serve as a pointer into ARRAY for the 
previous chain head and record pointer. 

STEP 8: Check for finish, 
If LEVEL < one, then all nodes have been accessed and the pro­
cedure ia finished, Step 10 terminates the procedure. 

STEP 9: Reestablishing tqe chain: part 2. 
Call DBFIND using ARRAY(I,LEVEL) as the search item value. Use a 
directed read (mode 4) DBGET using the pointer value in AR­
RAY(2 ,LEVEL) as the record number. Thie raises the level of 
access by one and resumes the previous chain at step 6 before 
the branch to step 2'took place. The routine then jumps to 
step 4, getting the next entry in the chain. 

STEP IO: End of traversal, 
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Any operations to be performed on data ahould be inserted in atep 6 be­
fore the branch to step 2. An example using this technique to atore and 
retrieve parts lists and generate total part quantities follows. 

Example: Product Structure System. 

BEGIN DATA BASE PSBASE; 
PASSWORDS: 10 BOSS; 
ITEMS: PART, Xl6; 

COMP, X16; 
DESC, X20; 
QUANT, Il ; 
SUM, I2 i 
LEVEL, X2 ; 

SETS: 
HAKE: PART-HAST ,MANUAL(l0/10); 
ENTRY: PART( 1), 

DESC, 
SUM, 
LEVEL; 

CAPACITY: 50; 
« » 

NAME: COKP-HAST,AUTOHATIC(l0/10); 
ENTRY: COMP(l); 
CAPACITY: 50; 

« » 
NAME: COMP-DTL,DETAIL(l0/10); 
ENTRY: PART(IPART-HAST(COMP)), 

COMP(COMP-HAST), 
QUANT; 

CAPACITY: 50; 

Figure 8 
IND. 
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The fint step is to create individual parts Hats and then link them to 
the top assembly to form a tree. If QUERY is to be used, all parts must first 
be added to the PART-HAST and then added to the COMP-DTL, using the assembly 
part number as PART, the component part number as COMP and the quantity of 
components as QUANT. One record is added to the detail set for each component 
of the assembly. 

When each assembly is complete, it llUat be linked to the next higher as­
sembly in a similiar fashion. Add the next higher assembly number to PART­
HAST, then add one record for each sub-assembly as was done for components. 
This process continues unt11 all components, sub-asae11blies • and assemblies 
are entered into the database, forming a tree with the top assembly number 
being the root node. 

At this time, PART-MAST contains a list of all part numbers used in the 
product, COMP-HAST contains all the entries in PART-HAST except the root or 
top assembly number and the COMP-DTL holds the structure of the tree. It is 
important to note that any given part can occur in any number of assemblies, 
reducing the amount of data entry time and disc space required to build and 
store the tree. 

~arts lists can be generated by performing a DBFIND on COMP-DTL using any 
PART value as the search value for the search item PART. A chained DBGET 
(Mode 5) results in a list of all components used in the assembly requested. 

In a like manner, where used lists can be obtained using a DBFIND on 
COMP-DTL with any COMP value as the search value for the search item COMP. 
This procedure results in a list of assemblies where a part is used. To ob­
tain full' lists of either assemblies or where used, the PART-HAST or COMP-HAST 
must be read serially, performing DBFIHD's and chained DBGET's on the COMP-DTL 
using the previously mentioned techniques. The masters can also be sorted to 
make the resulting lists easier to user. 

One of the major uses of systems of this nature is to generate gross re­
quirements of parts required to build a product. This is the purpose of the 
SUM field in the PART-MAST. A tree traversal is performed and each QUANT in 
the COMP-DTL is multiplied by the QUANT's in the brach it belongs to and added 
to the SUM of that QUANT PART's PART-HAST record. Figure 9 is a flowchart of 
the algorithm to calculate these sums. The superstructure of the flowchart is 
identical with that of Figure 7, differing only in the structure of ARRAY, a 
few extra varibles and some IMAGE calls to DBGET and DBUPDATE the PART-MAST 
records. 
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directed read (mode 4) DBGET using the pointer value in AR­
RAY(2 ,LEVEL) as the record number, Thia raises the level of 
access by one and resumes the previous chain at step 6 before 
the branch to step 2 took place. Divide l.EVEL-MULT by AR-
RAY( 3, LEVEL), The routine then jumps to step 4, getting the next 
entry in the chain. 

STEP 11: End of traversal. 
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STEP 1: Initialization. 
The array to hold chain heads and pointers is set up. The 
dimensions are (3,n), where n is the largest number of levels 
expected. The level counter (LEVEL) is aet to one, the array is 
initialized to blanks and the root node is obtained and moved to 
ARRAY(l ,LEVEL) and the variable PARENT. The quantity multiplier 
(LEVEL-HULT) is set to one, as is ARRAY(3,LEVEL). 

STEP 2: DBFIND. 
A DBFlND is performed on the CHILD-DTL using PARENT aa the 
search item value. 

S1'EP 3: Check for descendants. 
The number of records in the chain is checked through use of the 
NUM-RECS variable in the DB control block. If the current node 
ia a terminal node, the procedure jumps to a routine which rees­
tablishes position in the preceding chain, then returns to 
step 4. This recovery procedure is covered in steps 8 through 
11. 

STEP 4: DBGET, 

STEP 5: 

A chained (mode 5) DBGET is performed on the CHILD-DTL, bringing 
a child into the procedure. 

Check for end of chain. 
If the end of the chain bas been 
ing chain 1DUst be reestablished. 
same routine branched to in step 

reached (DBCW-+15) the preced­
This ia accomplished using the 

three and returns to step 4. 

STEP 6: Storing information. 
ARRAY(2,LEVEL) is aet to the current record number of the chain 
using CURR-REC-NO of the DB control block. This places the 
chain head and the position in the chain opposite each other in 
ARRAY. LEVEL is incremented by one, the CHILD from step 4 is 
moved to ARRAY(l,LEVEL) and variable PARENT is equated with 
CHILD, 

STEP 7: Updating the sum field. 
DBGET, mode 7 on PART-HAST. Hove QUANT to SUM. DBUPDATE on 
PART-MAST. Hove QUANT to ARRAY(3,LEVEL). Multiply LEVEL-HULT 
by QUANT. Process control is shifted to step 2. 

STEP 8: Reestablishing the chain: part 1. 
LEVEL ia decremented to serve as a pointer into ARRAY for the 
previous chain bead and record pointer. 

STEP 9: Check for finish. 
If LEVEL < one, then all nodes have been acceaaed and the pro­
cedure is finished, Step 10 terminates the procedure. 

STEP 10: Reestablishing the chain: part 2. 
Call DBFIND using ARRAY(l,LEVEL) as the search item value. Uae a 
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HOW 'ID GET A HIGH PERFORMANCE ORDER-FD..E 

Abstract 

by 
Hanne Hansen, M.Sc 

OOMI A/S 
Denmark 

How do you organize an order-file, when you have to add 
5000 new orderlines a day, and still be able to do 
direct access to the orderlines ? 'Ole first answer is 
naturally KSAM or IMAGE. We thought it to be KSAM, but 
after we started production on the first part of the 
system, we found that production on the whole system, 
probably would give unsatisfactory responsetimes. 1be 
second answer and the answer we stopped with, is a 
structured MPE-file. 'Olis paper describes how we have 
structered the file, fran our exact knowledge of the 
data to be stored in the file, how we have made 
intrinsics for accessing the file, including generic 
search, and how we have made it possible to change the 

'key values, without the expensive disc I-0 you have with 
KSAM. 

The System 

1he system we needed, was a order-entry system, capabel 
of handling 5000 orderlines a day. The entry of the 
orders would not present any problems, but as the orders 
nonnally passes thru the whole system on the same day 
they are entered, we found that direct-access to the 
orders, was a must. 

1be problems 

We found, fran our knowledge of the HP-3000, that using 
a KSAM-file for order/orderline-file, would be the right 
solution, but when we started production on only a part 
of the system, we realized that if we were to run the 
whole system, we would get unsatisfactory responsetimes. 

Knowing this, we started looking for the bottleneck of 
the system, and soon found, by examine the logfiles, the 
KSAM-file to be the main problem. From the logfiles, we 
saw, that the nl.lllber of accesses on the key-file was 
8-20 times higher than on the data-file. As we 
investigated the problems further, we found that the 
responsetimes varied considerably, fran user to user, 
but seemed to be stable for each user. As it turned out, 
the answer was quite simple. Some of the users entered 
one order, with all connected orderlines, at the same 
time. In this case the order and the orderlines would be 
written close to each other in the KSAM-file, whereas 
others entered the orders in the morning, and then added 
orderlines to all the orders, during the day. In this 
case the order and the lines are spread all over the 
file, thus giving longer responsetimes, when the order, 
later on, was processed. 'lbe elapsed time used for 
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adding one transaction, one orderline, varied from 1.9 
sec. for the first type of user to 3.0 sec. for the 
second type. 

The solution 

With this new information, and some extra demands to a 
new orderfile, we felt that we would be able to build a 
nonnal MPE-file, and then logically structure the file 
to solve the same problem as KSAM did in the original 
version, but with improved capabilities and reduced 
responsetimes. As we started working on the idea, we 
found that, by making ti.o different structures in the 
MPE-file, we could replace both the KSAM-file, and the 
IMAGE databases, we used in the system. 

The logical D-File 

The file consists of two psysical files, a data-file and 
a key-file. The first records of the data-file holds a 
description of the logical files contained in the file, 
where the keys are placed in the records, and some 
pointer information (first entry etc. ) The first records 
of the key-file contains information on the keys in the 
file, size, position etc. and links to the last sorted 
key and the last written key. 

Q.ir main problan with KSAM, in this environment, is the 
heavy access on the key-file, because we, to be sure of 
which record is current, has to read thru the key-file, 
even for 'sequential' access. To solve this problan, we 
specified, in the data-file definition, how many records 
to allocate per primary key entry. (A definition of 1 
record per primary key will give you a normal 
'KSAM-type' file) When the first record, with a specific 
key value, is written, a number of contigous records are 
allocated in the data-file. Any subsequent writes, with 
the same key value, will be written in the block 
allocated by the first write, and no key entry will be 
added in the key-file. With this structure, a whole 
datablock can be retrieved with only one access to the 
key-file. 

This first version contains fixed length data records of 
128 words each, and variable length keys, where, similar 
to the UNIX concept, just the necessary number of words 
(bytes) are written. A later edition will contain the 
same concept for the data-file. 

The intrinsics 

To manipulate the data we hav~ made the following 
intrinsics 

- DREAD will read the next record in the data­
file in key order. 

- DREADBYKEY will read the first record in the data­
file, with a specific key value. 

- DREADDIR will reari a record in the data-
file, specified by recordnumber. 
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- DUPDATE 

- DWRITE 

- DREMOVE 

- DREORG 

will update current record in the data­
file. Any keys, referring to only 
one record, can be changed. 
will write a new record in the data­
file. 
will remove current record from the 
data-file and from the key-file. 
will remove all deleted records 
in the data-file and sort all key 
entries into a new file. 

Data consistency 

The sequence of operation, is to update the key-file 
before the data-file. For DUPDATE, if a key value has 
been changed, the sequence is : A new key entry is 
written, the data record with the new key value is 
updated, the old key entry is deleted. This sequence, 
and the fact that any mismatch, between the key value in 
the key-file, and the key value in the data-file, is 
considered as 'record not found',(The entry is logged 
and removed) releases you from the time consuming 
recovery fran system failures, as KSAM-files requires. 
1he file will be recovered automatically, and you might 
only loose what was current record. 

Reorganization 

As new key entries are added to an overflow area of the 
key-file, it means that you have to reorganize the file, 
when the overflow area becanes too big. By doing this, 
rather than, like KSAM, keep the file 'sorted' at all 
times, you can write the key-file with fewer disc 
accesses, and with no overhead to key-split etc. This 
overhead is transferred to the reorganization procedure, 
which is run during nighttime, (maybe from a 
sleeper-process) when the load on the system is nil. The 
retrieval of the data does not talce as many disc 
accesses, as you should expect, because, in the most 
dynamic files, a whole block of data is retrieved from 
one single key. 

This structure, with reorganization of the file, forces 
you to split your data, according to how dynamic they 
are, to get the best performance. The data can be 
divided into three catagories : 

- Activity data, where you adds, modifies and 
deletes constantly. 

- Update data, where you modifies constantly, 
adds frequently and deletes 
seldanly. 

- Static data, where you modifies, adds and 
deletes seldanly. 

The reorganization procedure removes all deleted entries 
in the data-file, and build a new key-file. As a special 
feature, you can specify some alternative keys, for ad 
hoc program: 1onthly reports, or to establish a 
relation betwL Jifferent logical files. 
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Our expectations to the D-file 

- Improved performance through fewer disc accesses 

- Improved performance because key-file 
reorganization is running at night 

- Improved up-time because no time const.ning 
recovery is needed after a system failure 

- Improved portability as all routines are 
written in FORTRAN 
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SOFTWARE PROTOTYPING: TODAY'S APPROACtt TO INFORMATION 
SYSTEMS DESIGN AND DEVELOPMENT 

ORLAND LARSON 
HEWLETT-PACKARD 

Among the challenges facing the data processing community are 
the increasing costs and time associated with developing 
applications, the increasing backlog of applications, the 
excessive time spent maintaining applications, and the 
shortage of EDP professionals. In addition, systems 
implementation and functionality are impaired due to the lack 
of tools which involve end-users in the system development 
process. 

Meeting these challenges requires a more progressive approach 
to applications development one that is significantly 
different from traditional system development cycles. This 
approach is called SOFTWARE PROTOTYPING. 

This paper defines software prototyping, identifies its major 
uses, reviews the step-by-step prototype development process, 
and discusses the resources and skills required to 
effectively prototype applications. It also addresses the 
problems and costs associated with software prototyping. 
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IHTRODUCTIOH 

!!!!. Changing Role of Data Proce1sin1 

The data processin1 department has changed dramatically since the 
196o's, when application development as well as production Jobs 
were usually run in a batch environment with long turnaround 
times and out-of-date results. 

The 1970'• were a period of tremendous improvement for the data 
processing environment. One or the key development• or that 
period was the development and use or Data Base Hanagement Systems 
(DBMS). This provided the basis for on line interactive 
applications. In addition, computers and operating 1y1tems 
provided programmers the capability or developing application pro­
grams on line, 1itting at a tenainal and interactively developing, 
compiling, and testilsg these applications. The end user was also 
provided with easy to use on-line inquiry facilities to allow them 
to access and i·eport on data residing in their data bases. This 
took some of the load off the pro1rammers and allowed them to 
concentrate on more complex problems. 

During the 198o's, for the Data Base Adlllinistrator and HIS 
manager, we see increased importance and use of centralized data 
dictionaries or "centralized repositories of information about the 
corporate data resources." We al10 see simpler and more powerful 
report writers for the end user and business professional. For 
the programmer, we see the use of very high level transaction 
processing languages to reduce the amount of code required to 
4evelop applications. Finally, the tools have been developed to 
effectively do software prototypinc which will provide benefits to 
the end user as well as the application procramnier and analyst. 

Throughout the Seventies and Eighties, information has become more 
accurate, reliable, and available, and the end user or business 
professional is becoming more involved in the application 
development process. 

Challenges Facing HIS 

The HIS manager's number one problem ls the shortage of EDP 
specialists. A recent Computerworld article predicted that 
by 1990 there will be 1/3 of a programmer available for each 
computer delivered in this country. Software costs are also 
increasing because people costs are going up and because of 
the shortage of skilled EDP specialists. The typical HIS 
manager is experiencing an average of two to five years or 
application backlog. This doesn't include the "invisible 
backlog", the needed applications which aren't even requested 
because of the current known backlog, In addition, another 
problem facing HIS management is the limited centralized 
control of information resources. 
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The programmer/analyst ia frustrated by the changeability of 
users' application requirements (the only thing constant in a user 
environment is change). A significant amount of programmers' time 
is spent changing and maintaining users' applications (as much as 
60" of their time). Huch of the code the programmer generates is 
the same type of routines such aa error checking, formatting 
reports, reading files, checking error conditions, data 
validation, etc. Thia can become very monotonous or counter­
productive for the programmer. 

l'he end user or business professional is frustrated by the limited 
access to information needed to effectively do his/her day-to-day 
job. This is especially true for those users who know their 
company has spent a great deal of money on compute1· resources and 
haven't experienced the benefits. The user's business environment 
is changing dynamically and they feel MIS should keep up with 
these changes. HIS, on the other hand, is having a difficult time 
keeping up with these requests for application maintenance because 
of the backlog of applications and the shortage of EDP 
specialists. Once the user has "aigned off" on an application, he 
is expected to live with it for awhile. He is frustrated when ~e 
requests what he thinks ia a "simple change" and MIS takes weeks 
or months to make that change. 

Traditional Approach to Application Development 

l'here are some myths concerning application development: 

- Users know what they want 
- Users can conununicate their needs to MIS 
- Users needs are static 

The traditional approach to application development bas serious 
limitations when applied to on-line, interactive information 
systems that are in a state of constant change and growth. 
Communications among the user, analyst, programmer, and manager 
tend to be imprecise, a detailed analysis prolongs the process to 
the annoyance of the user, and specifications are either ambiguous 
or too voluminous to read. To compound this problem, the user ia 
often requested to "freeze" his requirements and subsequent 
attempts at change are resisted. 

Let's review the traditional approach to application development. 
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........ " --
TRADITIONAL APPROACH 

TO APPLICATION DEVELOPMENT 
User Analylt/Pn>gnUnms 

RequntlGI' 
8Jlllllalllon =··Ell· manlhs 

Revlawol ......... mantha 
epec:lllcldlon• 

chenge• 
monthal 

~lcllllon 
Codll 
and .... para 

Unlhe Clocuc'*'8 
•ppllcallon 

ldenllly chant•• Develop 
lllClldhe eddlUon•I main'-...,._ .. ..-incet1on1 

- The user first requ91t1 an application and then an anal.y1t 
or programmer i1 a11igned to the application. 

- The analyst or programmer take1 the oftentime1 sketchy user 
specifications and de1igns more complete specifications. 

- The user then reviews the analyst's interpretations of his 
specifications and probably makes additional changes. 

- The analyst redesign• his specifications to adapt to these 
changes. (By this time, several days, weeks or months have 
gone by.) 

- The user approves the specifications and a team of analysts 
and programmers are assigned to develop. teat ancl document 
the application. (Tbis may take months or years.) 

- The user finally tries the application. Months or years 
may have gone by before the user iet1 hi• !!.r.!! ~ at the 
actual working application. · 

- The user, of course, will want additional change• or 
enhancement• made to the application, to adJuat the 
application to the "real world". 

- Depending on the extent of these chances, additional 
maintenance specifications may have to be written and then 
coding, testinc and documentation. 

- The total application development procea1 may take months 
or years and the maintenance of these applications may go 
on forever. 

The question is: "Can HIS afforcl to continue using this 
traditional approach to application clevelopment7" 
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Prototyping Defined 

According to Webster's Dictionary, the term prototype has 
three possible meanings: 

l) It is an 
patterned: 

orisinal or model on which 
an archetype. 

1omethins 

2) A thins that exhibits the essential features or a 
later type. 

3) A standard or typical axample. 

J. David Naumann and A. Hilton Jenkins in a paper on 
software prototyping (see reference 3) believe that all three 
descriptions apply to systems development. Systems are 
developed as patterns or archetypes and are modified or 
enhanced for later distribution to multiple users. "A thins 
that exhibits the essential features of a later type" is the 
most appropriate definition because such prototypes are a 
first attempt at a design which 1enerally is then extended 
and enhanced. 

Software PrototyEes 

The process of software prototyping is a quick and relatively 
inexpensive process of developins and teatins an application 
system. It involves the end user and prosrammer/analyat 
wo1·king closely to develop the application. It is a live, 
working system; it is not Just an idea on paper, It perform• 
actual work; it doea not Just aimulate that work. It can be 
used to teat out assumptions about u1er1' requirements, 
system design, or perhaps even the logic of a program. 

Prototyping is an iterative procesa. It besina with a simple 
prototype that performs only a few of the basic functions or 
a system. It it a trial and error process - build a version 
of the prototype, use it, evaluate it, then revise it o:r 
start over on a new veraton, and 10 on. Each ver1ion 
performs more or the desired £unction• and in an increa1ingly 
efficient manner. It may, in fact, become the actual 
production system. It is a technique that mini11Lize1 the 
dangers of a lons formal analysia and inc~aa1ea the 
likelihood of a successful implementation. 

The Prototype Hodel 

Prototyping an information syatem can be viewed aa a four 
step procedure. 
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PROTOTYPING APPROACH 
TO APPLICATION DEVELOPMENT 

User Analyst/Programmer 

Wortl closely together 

Provide new veralon 

Step 1. Identity users' basic requirements: 

- End user and programmer/analyst work closely together. 
- Concentrate on users' most basic and essential requirements. 
- Define data requirements, report formats, screens, and menus. 
- Reed not involve written specifications. 
- For larger systems, a design team may need to spend a few weeks 

preparing a first-effort requirements document. 

Step 2. Develop a working prototype: 

- Programmer analyst takes the notes developed in the user 
discussions and quickly creates a working system. 

- Designs and/or defines data base and loads subset of data. 
- Hakes use of defaults and standard report formats. 
- Performs only the moat important, identified functions. 

Step ). Implement and use the prototype: 

- Programmer/analyst demonstrates prototype to small group of users. 
- Users may request enhancements during demo. 
- Users make notes of all changes they would like made. 

Step 4. Revise and enhance the prototype: 

- Programmer/Analyst and user discuss desired changes. 
- Changes and enhancements for the next version are prioritized. 
- P1·ogrammer/Analyst creates next version. 
- Go back to Step ). 

NOTE: S~eps 3 and 4 are repeated until the system achieves the 
requirements of this small group of users. Then either 
introduce to a larger group of users for additional require­
ments 01· if enough users ai·e satisfied, demo to management 
to gain approval for the production system. 
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Uses of Software Prototypes 

1. To clarify user requirements: 

- Written specs are often incomplete, confusing, and take a static 
view of requirementa. 

- It is difficult for an end user to visualize the eventual system, 
or to describe their current requirements. 

- It is easier to evaluate 'a prototype than written specifications. 
- Prototyping allows - even encourages users to change their minds. 
- It shortens the development cycle and eliminates most design errors. 
- It results in less enhancement maintenance and can be used to test 

out the effects of future changes and enhancements. 

2. To verify the feasibility of design: 

- The performance of the application can be determined more easily. 
- The prototype can be used to verify results of a production system. 
- The prototype can be created on a minicomputer and then that software 

prototype may become the specifications for that application which 
may be developed on a larger mainframe computer. 

J. To create a final system: 

- Part (or all) of the final version of the prototype may become 
the production version. 

- It is easier to make enhancements and some parts may be recoded 
in another language to improve efficiency or functionality. 

Essential Resources 

The following are the essential resources to effectively do software proto­
typing: 

1. Interactive Systems 

Hardware and Operating System - When doing software prototyping, both 
the builder and the system must respond rapidly to the user's needs. 
Batch systems do not permit interaction and revision at a human pace, 
Hardware and associated operating systems tailored to on-line interac­
tive development are ideal for software prototyping. 

2. Data Management Systems 

A Data Base Management System provides the tools for defini.ng, c1·eating, 
retrieving, manipulating, and controlling the information resources. 
Prototyping without a DBMS is inconceivable! 

A Data Dictionary provides standardization of data and file locations 
and definitions, a cross reference of application programs, and a built­
in documentation capability. These are essential to managing the 
corporate resources and extremely useful when prototyping. 
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3, Generalized Input and OUtput Software 

Easy to use data entry, data editing, and scre~n formatting software 
are extremely helpful in the software prototyping process to allow 
the programmer to sit down at a terminal with a user and interactively 
create the user's screens or menus. 

Powerful easy-to-use report writer and query languages provide a 
quick and effective way of retrieving and reporting on data in the 
system. A report writer that uses default formats from very brief 
specifications is most useful in the initial prototype. 

~. Very High Level Languages 

Traditional application development languages such as COBOL may not be 
well suited for software prototyping because of the amount of code 
that has to be written before the user sees any results. 

Very powerful high level (MACRO) languages that interface directly to 
a data dictionary for their data definitions are ideal. One statement in 
this high level language could realistically replace 20-50 COBOL state­
ments. This reduces the amount of code a programmer has to write and 
maintain and speeds up the development process. 

5, Library of Reusable Code 

A library of reusable code to reduce the amount of redundant code 
a programmer has to write is an important prototyping resource. 

This code could represent commonly used routines made available 
to programmers. 

Potential Problems 

What are the problems with prototyping? How can data processing management 
control its use and keep it within bounds? 

One problem with prototyping is the acceptance of this method by the systems 
people. It also may encourage the glossing over of the systems analysis 
portion of a project. It may be difficult to plan the resources to develop 
a system. P1·ogrammers may become bored after the nth iteration of the proto­
type. Testing may not be as thorough as desired and it might be difficult 
to keep documentation on the application up to date because it is so easy to 
change. 

Even with these concerns, prototyping provides a very productive user-designer 
working relationship. So it bebooves all data processing executives 
to learn to use this powerful tool creatively and to manage it effectively. 

The advantages of prototyping greatly outweigh the problems. 
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Cost and Efficiency 

It has been found that there is an 01·der of magnitude de!:!:~ in both develop­
ment cost and time with the p1·ototype model. 

It is often difficult to estimate the co1t of an application system because the 
total costs of development, including maintenance are usually lumped together. 
The cost of implementing the initial system is much lower than the traditional 
approach (typically less than25W 

However, software prototyping could be expensive in three ways: 

1. It requires the use of advanced hardware and software. 
2. It requires the time of high level users and experienced designers. 
3. Efficiency may be compromised. 

The main thing to 1·emember is that the main focus of prototyping ia not so 
much efficiency but effectiveness. 

Prototyping is truly a "state of the art" way of developing applications. 

Software prototyping promotes an interactive dialo~ between the 
users and the programmer, which results in a system being developed 
!!lore quickly, and results in an interactive development approach 
which is friendlier for the end user. 

The prototype provides a live working system for the users to experiment 
with instead of looking at lengthy specifications. 

The users are provided with an early visualization of the system which 
allows them to immediately use it. 

The users are allowed and even encouraged to change their minds about 
user interfaces and re~orts. 

Maintenance is viewed right from the beginning as a continuous process 
and because the prototype is usually written in a very high level lan­
guage, changes are faster to locate and easier to make. 

Software prototyping result• in: 

• Users who are much more satisfied and involved in the development 
process. 

• Systems that meet the user's requirements and are much more effective 
and useful. 

• Improved productivity for all those involved in software prototyping: 
the users, the analysts, and the prog1·ammers. 
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Hewlett-Packard's Prototyping T~ols 

is One Of the few vendors that supplies the majority of the Hewlett-Packard 
tools needed to effectively do software prototyping. 

• Interactive Systems 

- HP3000 (all series) 
- MPE Operating System 

• Data Management Systems 

- IMAGE/3000 
- KSAM/3000 
- MPE files 
- DICTIONARY/3000 

• Generalized Input/Output Software 

- VPLUS/3000 
- QUERY/3000 
- REPORT/3000 
- INFORM/3000 
- DSG/3000 

• Very lli.gh Level Languages 

- TRANSACT/3000 
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Abstract: 

Virtually every HP3000 cust_omer uses the IMAGE/3000 
data base management system to help make everyday busi­
ness decisions. Part of Hewlett-Packard's strategy is 
to protect that large software investment and to pro­
vide a growth path for the future. 

In this calendar year, HP will be announcing several 
IMAGE/3000 enhancements which focus on improved recov­
ery systems and larger applications. Intrinsic Level 
Recovery will guarantee the physical integrity of a 
data base after a system crash. Logical integrity will 
be improved through an enhancement to the DBRecov 
utility. This will allow the log file to be quickly 
scanned for transaction begin and end pairs. Incom­
plete transactions against a single data base will be 
backed out when the affected data base is reopened. 

1983 also promises MPE-V with disc caching which, with 
additional memory, will improve IMAGE/3000's perfor­
mance on the Series 4X and 6X computers. 

In the future, HP plans to provide a next 
generation IMAGE/3000 II product on HP3000's with MPE­
v. IMAGE/3000 II will elevate the current data base 
size limits and increase the maximum number of concur­
rent users. There will also be an optional external 
interface to IMAGE/3000 II which will conform to the 
emerging HP IMAGE standard. Over the next few years, 
HP IMAGE will be offered across a range of HP 
computers. 

HP is committed to the future of IMAGE across the com­
plete range of HP technical and business computers. 
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Alan T. Pare 
Hewlett Packard 

The Data Dictionary: An Emerging System Resource 

The utility of the data dictionary grew out of its first 

role as a documentation tool for managing data base def ini­

tions in the mid 1970's. The spectrum of its uses has 
evolved to a multitude of services for system data resources 

ranging from control, standardization, reporting, document­
ing, to aiding in the development of application programs. 
The way it is employed often depends on the organization's 
requirements and obviously the data dictionary system (DDS) 

capabilities itself. Today, information management necessi­
tates stricter control to allow timeliness in auditing prac­
tices, security enforcement, analyzing the impact of system 

changes, maintenance procedures, design, and other opera­
tions tied to this objective. Cost effectiveness is para­
mount now more so than ever with higher labor expenses and 
vast amounts of complex system data and application programs 
to be developed and maintained. The DDS facilitates all of 

these needs by providing a centralized repository for 

documenting attributes, relationships, location, transac­
tions, ownership, and various other data about data as ref­
erenced in the system environment. To support this array of 

functions, the DDS is being integrated with the operating 
system, program development environment, language compilers, 

report writers, query facilities, and other subsystems to 
play a more active role in the execution process of data 
access. This entails a high degree of sophistication and 
intelligence to be built into the DDS and direct interfaces 

with all referencing services. Optimizing performance in 
accessing the data dictionary, providing, independence from 

physical storage structure for its dependent components, and 
customizing the DDS around an organization's requirements 
introduces even a higher degree of complexity in its 
implementation. 

The DDS technology is more understood today with the advent 
of numerous research projects, technical literature and text 
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books, and current product offerings particularly those on 
large mainframes. Jn the future, the DDS will be extended 
to provide more accurate ways of 11\0deling the. system en­
vironment, prototyping and planning more effectively, aid in 
developing friendlier end user products, and support dis­
tributed processing functions. The widespread proliferation 
of DBMS usage is placing additional burdens on the DDS to 
better support the DBA's responsibilities. The data dictio~ 
nary system will eventually permeate the system architecture 
to optimize its controlling ability and performance. Figure 
1 gives an overview of what a DDS of the future might look 
like. 

Realizing the needs of its customer base and the importance 
of this flourishing technology, Hewlett-Packard is agres­
sively moving to meet this challenge.The corporate research 
labs are studying advanced areas of DDSs dealing with infor­
mation oriented properties of data related to the semantics 
of system data bases, i.e. real world entities as represent­
ed by data objects and their meaningful properties. The 
development lab is pursuing investigations into an inte­
grated system wi.de DDS with a view toward distributed 
processing. 

While these activities reflect a committment to understand­
ing the future implementation methodology required to 
develop a state of the art DDS on Hewlett-Packard computers, 
activities are currently underway to meet the needs of our 
growing customer base in this area today. 

Figure 2 illustrates the DICTIONARY/3000 applications data 
dictionary and its supporting RAPID/3000 products. Our 
short term strategy is now aimed at moving Dictionary/3000 
into a more active role with manufacturing and financial 

applications, the program development environment, the lan­
guage compilers, and a host of supporting utilities for 
VPLUS/3000, IMAGE/3000, multiple dictionaries, and future 
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data base products. Figure 3 depicts the projects currently 

under development to achieve this integration. 

The integration of MM, PM, and FA/3000 with DICTIONARY/3000 

will allow the loading of information about their respective 

application's data bases and files into the DICTIONARY/3000 
dictionary. This process will be a user option configured 

through the customizer and activated via the SAi terminal 

during preparation of the MM, PM, or FA/3000 applications 

dictionary. During this operation a job will be spawned to 

move the appropriate data definitions and relationships into 

the DICTIONARY/3000 dictionary. This process will be free of 
user interaction and may be reactivated at a later time if 

any of the MM, PM, or FA/3000 data bases or files should be 
modified. This new feature will provide customers using 

these manufacturing and financial applications packages the 

opportunity to use the report writing or applications lan­

guage products offered by RAPID/3000. 

For applications development in languages other than TRANS­

ACT/3000, source code generation will be supported for PAS­

CAL/3000 and COBOL/3000 in the HPTOOLSET environment and by 

means of a standalone utility. For COBOL/3000 development, 

both data and environment divisions can be generated and 

placed either in the HPTOOLSET edit files or COBOL/3000 

copylibs with full editing capabilities being supported. In 

the standalone utility the same functionality will be of­

fered except the COBOL/3000 copylib facility must be used 

for copylib editing. For PASCAL/3000, source code will be 

generated for both VAR and TYPE declarations in both the 

HPTOOLSET and standalone utility environments.The source 

code generated for both languages will optionally generate 

special source code for VPLUS/3000 and IMAGE/3000 variable 

names. In the standalone utility, input commands can be 
directed to an output file for subsequent use in batch mode 

or interactive updating of program declarations in the event 

program referenced variables definitions or relationships 

should change. Special features for default naming and data 
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mapping will also be provided for both the HPTOOLSET and 
standalone utility user. This source code generation fea­
ture will provide a powerful mechanism for improving produc­
tivity in application program development, maintenance, and 
control. 

The DICTIONARY/3000 utilities will be enhanced to support 
the loading of existing VPLUS/3000 forms files definitions 
into the data dictionary. The merging of one DICTIONARY/ 
3000 dictionary into another will be supported. End user 
security will be derived from DICTIONARY/3000 to provide 
more transparency in such products as INFORM/3000. Future 
product releases in the area of relational data base tech­
nology will also be addressed. 

In summary, it is the goal of Hewlett-Packard to respond in 
an expedient manner to its customer base needs and future 
system requirements in this important and revolutionary area 
of information management technology. 
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Mike Kosolchroen 
Hewlett Packard 

Customizable Software - Why You Need It 

User friendliness, or ease of use, has been widely 
heralded as the most significant attribute of a soft­
ware package. However, another important attribute is 
the ability to accommodate changes without interrupting 
the system. 

A lot of time, resources, and system interruptions are 
involved when code is modified to accommodate the sim­
ple changes in data base attributes. For instance, a 
Hewlett-Packard division took five months and the ef­
forts of several programmers to make data base changes 
on accounting codes and employee codes, because of the 
number of programs involved and the number of systems 
affected. Customizable software allows you to imple­
ment these changes without code alteration and in only 
a few hours. 

The concept of customizable software is not new. 
However, very few systems have incorporated the tech­
niques necessary to derive its full benefits. The 
spiraling cost of software maintenance, combined with 
the need for fast system modification to cope with the 
dynamic business environment, make customizable soft­
ware the most expedient answer. 

Hewlett-Packard has developed two special software 
utilities called the Application Customizer and the 
Application Monitor. These utilities are incorporated 
in two manufacturing systems - HP Materials Management/ 
3000 (MM/3000) and HP Production Management/3000 (PM/ 
3000)- and a financial system. As a result, users can 
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easily tailor these systems to their operations, with­
out data processing staff. At the same time, HP con­
tinues to support the customized version of the soft­
ware. This strategy has been well received, based on 
feedback from over 600 hundred installations. 

This paper discusses the concept of software customiza­
tion, the advantages and disadvantages, and the im­
plementation of a customizable system. The HP system 
and its implementation are also reviewed in this paper. 

Concepts of Software Customization 

In general, software customization can be classified 
into four major areas: 

A) Input or Screen Customization. This process 
involves modification the format of input or 
data entry screens. In addition to cosmetic 
changes, the content, field sequence, and field 
editing are redeflnable as well. V/3000 is used 
in the HP system for this function. 

B) Data Customization. This type of customization 
includes the ability to modify: 
- Data item characteristics, such as data type 

displayed numeric, packed, zoned, etc., 
data item length, data precision (number of 
decimals), the default or initial value, and 
even the naming of the data item. 

- Data structures. Fields can be added to or 
deleted from a data set or a file record 
layout. 
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C) Logic Customization. This involves altering the 
system processing logic via parameters, flags, or 
user-defined processing logic. This is the most 
difficult kind of customization, since logic is 
usually hard-coded. 

D) Output or Report Customization. This aspect of 
customization involves changing the format of the 
output screen or the hard copy report. New 
fields can be included and existing fields can be 
removed from the report. The entire report, both 
the heading and content, are transformable. 

Remember that because these areas of customization do 
not affect the basic programs, code does not have to be 
modified, 

Example of Application System Customization 
One example of application customization is modifying 
an inventory count transaction for an oil refining en­
vironment. In MM/3000, this transaction performs a 
warehouse inventory level count, In the standard 
package, the user enters the counted part number, the 
quantity, the warehouse, and the location ID. This 
transaction does not quite fit the refinery inventory 
count practice, since the refinery's parts are crude 
oil kept in giant oil tan1ksl One customer completely 
customized this standard count transaction. Rather 
than having to enter in units ( in this case gallons ), 
the system users'enter only the height of the liquid in 
the tank, the ambient temperature, and the tank ID. 
With a set of front-end processing logic, the system 
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calculates the volume of the tank using the tank's di­
ameter (based on the tank ID.) and the tank's height, 
and adjusts for the coefficient of expansion using the 
ambient temperature. All these modifications were made 
through user-defined specifications, and no code was 
changed. 

Advantages and Disadvantages of Customizable Software 
Customizable software offers many benefits. This soft­
ware is: 

A) Inexpensive to operate. Customization does not 
require data processing staff, so this scarce 
resource is freed for other tasks. 

B) Fast to implement changes. Since no programming 
effort is involved and customization is done v1a 
a special utility, modification can be made 
quickly and with minimum system interruption. 
The system can be designed to allow as much time 
as the user needs to redefine the application 
and its environment. Meanwhile, the application 
system continues functioning using the current 
specifications. Actual changes occur only when 
the users are ready to implement them. 

C) Reliable. The traditional method of code 
modification is not only time-consuming, but 
also problem-prone. In customizable software, 
the application programs are separated and 
remain unchanged. The chance of introducing 
new bugs via customization is almost nil. Cus­
tomization also allows much shorter testing 
time than the code change approach. 
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D) Versatile. Versatility is unquestionably one of 

the biggest advantages. This versatility gives 
the users freedom to tailor systems to meet 
their specific needs. There are many success 
stories from HH/3000 customers using the 
Application Customizer. One customer has 
completely transformed this material management 
package, which is an object code product, to a 
facility maintenance management system. 
Other customers have tailored the standard 
package to serve their refinery operation, which 
is a continous flow environment. 

There are also certain disadvantages associated with 
customizable software: 

A) Developing customizable software is not a simple 
task. A lot of time must be invested in the 
development stages. Several hundred thousand 
lines of code were created to implement cus 
tomization in HP software. This may not be 
financially feasible for smaller EDP shops. At 
HP, this concept is economical because of the 
large number of packages sold. 

B) Performance impact. Unfortunately, nothing 
comes free. Customizable software, in theory, 
will cost users more in terms of performance 
than the non-customizable version. A poorly­
designed system can suffer substantial perfor­
mance degradation, However, improved hardware 
price/perfor-mance, coupled with sophisticated 
software technology and appropriate choice of 
the implementing language, should minimize the 



performance impact. The HP system was imple­
plemented in SPL (HP/3000 Systems Programming 
Language) and employed the most current soft­
ware technology. 

It is important to realize that there is, of course, a 
limit to the extent of modification. The basic pro­
cessing logic must be capable or suitable for the 
application. 

Hewlett-Packard Implementation 
HP's strategy is to circumvent the need for the ap­
plication programs to handle data directly. The Ap­
plication Customizer was designed to ~erform this task. 
Its key component is a special data base called the 
Application Data Dictionary. This data base maintains 
all the user-definable application parameters. Infor­
mation such as data base schemas, data item attributes, 
screen and report formats, terminal ~onfigurations, and 
security are preserved. Figure 1 describes the con­
tents of the Application Data Dictionary in more 
detail. 

The Application Customizer provides an on-line, menu­
driven facility for users to customize the system via 
the user-update version of the Application Data Dictio­
nary. This data dictionary is later transformed, by 
the Application Customizer, into a more efficient run­
time version. With two versions of the data dictio­
nary, users can customize a system without affecting 
system operations, and then implement the customization 
when it is complete. 

11 ·6 



APPLICATION 

.MONITOR 

MONITOR INTRINSICS 

V/3 00 
INT IN ICS 

/USER 

/ 

' 

TERMINAL 

SYSTEM 

TERMINAL ,__ __________ _ 

APPLICATION 

SOFTWARE I N 

E 

INTRINSICS 

RUN-TIME 
USTOMIZATION 

TABLES 

RUN-TIME 
DICTIONARY 

PREPARATION 
PROGRAM 

APPLICATION 
DATA 

DICTIONARY 

- DATA ITEM 
- DATA BASE SCHEMAS 
- SCREENS 
- REPORTS 
- SECURITY 
- PROCESSING SPECS 
- 'l'ERMINAL CONFIGURATIONS 
- SYSTEM VALUES 

FIG. 1 The application programs are well insulated from other Input/Output 
functions. Communication to the other sub systems is conducted 
through intrinsics. The Application Data Dictionary contains 
all the data attributes and the application environment which are 
retrieved by the customizer intrinsics 
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A set of Application Customizer routines called cus­
tomizer intrinsics were developed to handle all the 
arithmetic operations, data co~parisons, data conver­
sions, and data movements. Operations such as add, 
subtract, multiply, or divide are not performed direct­
ly in the application program, but are executed by 
calling the intrinsics. The intrinsics, in turn, 
reference the run-time data dictionary for necessary 
information, which may be data related or processing~ 
logic-related. This design insulates the application 
programs from possible changes introduced by the system 
users. 

There are many ways to accommodate logic customization. 
Many functions in the application programs can be per­
formed using various logic choices specified via 
parameters called System Values. These algorithms are 
provided in anticipation of needs. A set of user­
defined functions called processing specifications can 
also be entered via the Application Customizer. This 
instruction set, maintained in the Application Data 
Dictionary, allows simple data manipulation after nor­
mal processing but before the data base update. For 
most extensive logic alteration, where complicated data 
manipulation is needed, HP offers a special utility 
called User Exit. User Exit allows users to supplement 
the processing logic with their own programs. In 
general, the users• programs can be called at three 
major points: right after the screen input, before the 
data base update, and after the data base update. This 
latter provision is the ultimate solution to the cus­
tomization of processing logic. 
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The system users may want some information, generated 

in one process, to be carried over and used or reported 

by another process. For example, users may want cer­
tain part attributes which are maintained in the 
Materials Management/JOOO system to be transferred and 

reported in the Production Hanagement/3000 system. To 

accommodate such a requirement, the record layout of 
the transfer file must be modified to include the new 

fields. In addition, the writing and reading programs 
must be modified. The Application Customizer offers a 

special type of format called the Data Exchange format. 

Using this type of format, application programs auto­

matically associate each data item in the format with 
the corresponding field in the screen and the data set, 

Hence, the system users can define a new field and have 
the data updated or transferred to other processes or 
systems. 

Traditionally, whenever modification is made to a file 

record layout, the associated job control file must 

also be modified, and HPE "BUILD" statement may need 
alteration on the record length. Customizable software 
should not require job control file modification 

whenever the file characteristics change. To meet this 
objective, a special command called FBUILD is used in 

lieu of the BUILD command, This command does not hard­
code the record length. It specifies the record layout 

by referencing a format number corresponding to the 

file to be built. This technique allows file charac­
teristics to change with no impact on the job control 
files. An example of an FBUILD command comparable to 

MPE'S BUILD command is shown in Figure 2 below. 
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1:.. I METHODS I 

I-1) the concept of method 

The concept of method in data processing covers many fields. We can group 
them into two areas. 

- Project planning met.hod concerns : 

Project management 
Development planning 
Resources management 
etc ... 

- System development method proposes 

. a philosophy for looking at problems 

. a guide for analysis, using concepts 

Each of these two groups of methods has the some objectives 

- Increasing quality 
- Increasing productivity 
- Controlling costs and dead-lines. 

We wi 11 try to show how, at L 'AIR LIQUIDE, we tried to integrate methods 
and HP-tools u.se. 

We will not say much about planning methods, because for this we use tools 
which are not implemented on HP computers. 

I-2) System development method 

The method we use is the MERISE method, which we have to describe briefly, 
if what follows is to be understood. 

~~! !2~2~~l' 
It consists in identifying several choice levels and two axes of analysis 

(~ ) 

~ LEVEL '. DATA PROCESSING ) 
) 

( : ) 
( 1 CONCEPTUAL CONCEPTUAL ) 
( ) 
( ) 
( 2 LOGICAL ORGANIZATIONAL) 

) 
) 

3 PHYSICAL OP ERAT !ONAL ) 
) -
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- Two axes : the important idea is that the two axes must be independant. 
The field of data is a data set, which is managed in the firm. It has 
its own existence, which does not depend on processing. 

Conversely, processes are the result of organizational choices, and 
do not depend on the existence of data. 

There are 3 levels of choice, as follows 

Management choices, for example : 

admit that an order can be delivered in one or several deliveries, 

Organizational choices, for example : 

to execute part of an application in conversational, and leave another 
part entirely in manual, 

Technical choices, for example 

Install at a specific location a specific type of terminal. 

They form successive strata from the more general to the more detailed, each 
level integrating the choices of the upper level. Those levels present a 
decreasing invariance degree, from conceptual to operational {or physical). 

!~~-~!~e~ 
four steps are identified : 

- The preliminary study must lead to a definition of general policy and 
orientations within the guidelines of management and organization. 

- The detailed study concerns the definition of detailed "external" fonctional 
specifications, and must end with user's agreement. 

- Realization : the end result is a system in working order, after being 
subjected to the user's test data. 

- Implementation in the system's real environment, and functioning at cruising 
spead for its final acceptance. 

The manipulated concepts are the following 

- For the conceptuel data model ; , 
. Objects (main entities such as "Product", "customer", ... ) 
. Re 1 at ions, such as "a customer takes an order for a Product", ... ) 

- For the logical data model ; 
Records ( concepts of COOASYL 

. Sets ( formalization 
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- For the physical data model ; 
. Databases and/or files depending on the technical tools being used. 

- For the conceptual processing model ; 
. The formalization is a classic one 

~ ~~event 

OPERATION 

) \ \ result 
~ ~ ~ 

- For the organizational processing model ; 

The same formalization is used with fonctional procedure instead of operation. 
A procedure implies the involvement of a work-station. 

- For the operational processing model ; 
The procedures are described in sets of tasks. 

The use of such a method enforces rigorous work. One of the disadvantages 
of this way of working is the need to write and then manage a lot paper in 
building the project's documentation. It also costs a lot of time. 

Documentation management, for new system developments as for maintenance is 
a difficult problem. 

This fact, though common, led us to consider that the method to be used 
must rely on automatization tools. 

The choice for HP 3000 computers, at L'AIR LIQUIDE, (the first one was 
implemented in July 1982) was decided because of the interest of RAPID tools, 
and especially DICTIONARY. 

II- I TOOLS I 

The tools we use at L'AIR LiQUIDE on HP 3000 computers are classical tools one 
the one hand 

- IMAGE, FCOPV, EDITOR, VIEW, ... 
and RAPID tools on the other ; 
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- DICTIONARY, TRANSACT, INFORM, REPORT 

When we began, we used them during the different steps as follows. 

Il-1) Preliminary study 

No use. 

II-2) Detailed study 

Data 
Introduction of the elements and their definition in DICTIONARY 
Introduction of the phys lea l model in DICTIONARY 

~r~~~~~i~9 
Introduction of a short description of functional procedures in OICTIONALY. 
Description of maps in FORMSPEC. 

II-3) Realization 

Standard use of TRANSACT, INFORM, REPORT. 

II-4) Implementation 

No use. 

So we can use a chart to represent the rough contribution of the RAPID-tools 
in the following areas. 

- OP DOC ; Documentation for OP people 
- USER DOC ; Oocumen tat ion for users 
- CONC HELP; Help in conception for DP people. 

DP User Cone.: Concerned Levels 
Doc Doc Help : Concept:Organiz.:Operat. 

r----------------·--: -------:·------: ------: -------: --------: --------
Preliminary study 

Detailed Data xx x YES 

: 
Study Process: xx x YES 

Realization x YES 

Imp lernentati on 
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III- I METHOD AND TOOLS / 

III-1) The problems ; primary objectives 

Our first experience of HP 3000 project development led us quickly to 
several conclusions : 

- Some of the steps find no contribution in using our tools, 

- The contribution concerns only the operational level (no contribution 
to conceptual or organizational levels), 

- The aid to documentation management is tangible for DP people, but 
slight for end-users, 

- The use of these tools had to be defined with strict rules. Without 
these rules, there was a risk of not increasing productivity. 
Indeed, the freedom of use, for ipstance in TRANSACT programming, could 
lead to very dissimular programs, and so to heavy and difficult mainte­
nance. 

Thus, it was clear that standard and RAPID-tools are interesting tools, but 
that they must be integrated with the MERI SE-method and completed with 
accurate rules and specific tools. 

In the face of urgent felt needs, the primary objectives were identified 
as : 

- Rules for Dictionary use ; item-names coding, 
- Standardization of screens and Pf Keys, 
- Standardization of TRANSAC procedures, 
- etc 

These first points are detailed as follows. 

III-2) Primary developements 

III-2.1) Item-names coding 

A list of short-names was established first, and then completed 
progressively. The item-names are composed with these short-names. 

For instance 

"NO-Cll" for 'NUMERO DE CLEINT' 
"D-TAR" for 'DATE DE TARlf' 

This standardization allows us the use of a common language on all projects. 
The consequent advantages are numerous. 

Procedures are simple to read ; DP people can easily move from one project 
to another ; Maintenance becomes easier. 

The short-names are inserted in DICTIONARY with a prefix ' * ' (*No, * CLI, * D, ~ TAR) so as to avoid conflicts with item-names. Their management is 
simple. 
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111-2.2) Standardization of screens 

We classified the screens depending on their type and their character. 

Screen type 

They are two types 

Procedure 

date t::=J 

} ""' 

N° Client 

Nam client 

Adresse 

N° SIREN 

J 

The fields are not numerous and aligned on a column. Each field 
represents a singular item (no repeat items). 

~Q~l~Q~~~l-~~~~~~~ present as following. 
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Procedure 

Head J 
~ 

N° client C=::J 

Norn client 

CJ 
Body ) N° ligne Produit 

~ D 

line n° DODD 
in the page 
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d ate c:::::::J 

page o/o 

Tar if 

\ 
) 

Current 
page n° 

maximum 
page n° 

data-entry 
1 ine 

one pa9e 
of lines 

PF-KEYS 



The fields of the body-part are entered many times. Each time, they are controlled 
(formspec-process and/or transact-process), and moved, if correct, in the display­
window (i.e. the display-page). 

Introduced data 
Wll EZZZZJ V!IZ///11 / 
No Produit Tar if 

~ I Process I 
l!m !7llZ] ~./.'.21 

/ ~ ~ k@'$//l 

D l:=::J Controlled data sent in the first free 

D CJ line. 

D c:J 
D c:J 

Moving from a page to.another is obtained with the PF-Keys. 

Screen character 

We distinguish between 

- creation between 
- modification screens 

and -querry screens 

The consequences for screens-presentation is reduced to horizontal screens 
(there is no data entry-line on such a screen). But the difference is important 
for procedure-structure (see further). 

Standardization of PF-Keys 

We assigned standard use to the keys : 

For instance Key 

Key 2 

etc 

confirm (in case of add or modify) 

preceding page (in case of horizontal screen) 
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Comments 

This choice was dictated by concern for user- comfort. 

The disadvantage is a heavy description for horizontal screens in FORMSPEC 
although the processing specifications concern only the "data-entry line", 
so efficiency remains good. 

We also defined rules for dialog design, but it would be too lengthy to 
describe them here. 

Advantages 

These definitions allow us to : 

- propose to end-users- a pleasant and steady way of working 

- propose to OP people working habits, so as to increase their mobility 
and minimize future programming loads. 

Standardization of TRANSACT, TRAGEN generator 

The characteristics of the program to be written are introduced (at the 
terminal). The result is a Transact program skeleton, stored in a MPE file 
(Editor-format). To become a source, it must be completed ~11th specific 
code (with editor). It is then compiled in the normal way. 

The programmer gives 

- program's code and name. 

- Formspec file's name and quantity of screens 

He gives then : 

- the names of bases to be used 

and defines, for each screen : !;' 

- Type and character 

- Formspec name and literal name 

- Fields description 

- Standard keys to be used 
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In the case of a horizontal map, he has to define separately 

- the head fields 

the body-fields, with the number of lines in a page, and the number of pages 
to store in memory. 

The resulting skeleton includes : 

- global declaration (SYSTEM order) 

and for each map 

- DEFINE orders 
- INIT orders 
- Display and read orders for the map 
- User's key declaration and process for standard keys 
- Management for horizontal maps. 

The progranvner is so freed from the heavy and repetitive part of his work. 
He has to complete with "intell lgent" code, such as 

- file-access 
- external controls (i.e. non FORMSPEC-controls). 

e) Q~~~r~~~-r~~~!~~ 

The TRAGEN elaboration cost two months to write it (it is written in TRANSPACT). 
and two months to test before it worked efficiently. 

Nowadays the skeleton represents 50 % to 80 % of the program (Number of lines), 
depending on the program's complexity. 

We intend to go further. It is possible to : 

- Integrate file-access 
- Integrate TRAGEN with DICTIONARY and FORMSPEC 
- Integrate simple external controls. 

See in Annex an example with 

- TRAGEN declaration screens 
- declared FORMSPEC screens 
- final TRAGEN result. 
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III-3) Future developments 

We can use other chart to represent some advantages observed, as a result 
of our first efforts ; 

DP User Cone. : Concerned Leve ls )) 
Doc Doc Help ) 

f,. __ -:_~_:_~--i :_~_:_:~_~_-_::_:_:_~ -----....... =·-_-_-_--_-_-_-=_·-_-_-_--_-_-_-=_-_-_--_-_-_-+~---~o_-~_~_~_e!_.:._-_~ __ Q_!:_9_~~-!_~_.:.--~_-__ Q_e_~_!:_~~-.:._-_-, 1 

{ Detailed Data XX X [TI ; YES ~ ( ~--~~~~-T-~~~~-4 
~ Study Process XX X YES ) 
l1--~~~~~~~-t-~~~~~~~~~-t-~~~~~~~~~~~~:) 

~ Realization X [[); (]!] YES ~ 
(~~~~~~~-f-~~~~~~~~-i-~~~~~~~~~~~) 
( ) 
( Implementation ) 
( ) 

We intend to go further. New improvements could be obtained with new features 
for existing tools or w.ith new tools. We have drawn up a list of these 
features and tools ; some are specific to our method, and we will of course 
have to develop them ourselves, but others are more general In nature, and 
we hope that future enbrancementsof RAPID will include them. The list was 
established on the following simple principles : 

- The Dictionary is the basis for most of the developements aimed at. 

- Consequentely, no real progress is possible if this dictionary remains 
"closed". HP-users should be able to extend the dictionary, so as to 
manage new entities with it, depending on their own needs. 

- Whatever method is used, it requires several steps, and the study of 
each step must be established on the basis of the preceding steps. Tools 
must make it possible to introduce these results progressively in the 
dictionary or connected areas, such as Formspec-files. 

- the heavy parts of the development work should be automated as much as 
possible. 
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In our list, we also included the following features : 

- We want to be able to describe in the dictionary new entities, such as 
"Object" or "Relation", so as to introduce the description of conceptual 
or organizational levels. 

- We want more efficient tools concerning the print of Formspec-files, so 
as to use the reports for user-documentation. Moreover, it would be inte­
resting for us to have much more flexibility using these tools, so as to 
adapt the reports to our needs, for instance in translating the processing 
specifications into french user-language ; or in generating Formspec-files 
from a shortened description according to our screens design-rules. 

Such features cannot be developed without a contribution from HP. 

Other features could be developed by ourselves, such as : 

- Automation of user guides, based on the dictionary documentation and 
Formspec description. The user guides could be automatically displayed 
on the screen in response to a defined function key. 

- Simple tools can be produced, as aids in conception, for instance conceptual 
data model conception. 

- TRAGEN can easily be extended to inc 1 ude further automation. 

These objectives are more or less ambitions, but we are sure that very 
important improvements are i nvo 1 ved, concerning qua 1 i ty, efficiency, and 
documentation accuracy. 

We estimated for instance some increases in efficiency, as follows. 

- Conceptual data model : 

Dictionary extension is involved 
About 1 day ls to earn in this way, for a 10 months project (200 days) 

Automation in ·screens-design about 5 days (for the same 200 days-project) 

- Increased automation of program-production (TRAGEN) : 
About 10 days. 

- Automation in user guide production : 
About 20 days. 

The total increase would then be almost 20 3.But, the improvements in quality 
and accuracy would have much more important effects. 

- Important gains are possible by improving dialogue between DP people and 
users; this is difficult to estimate. 
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- The cost of maintenance could be reduced by more than 50 % through strict 
standardization and integrated document a ti.on. 

We can imagine the future chart, as follows : 

DP User Cone. Concerned Levels ) 
• Doc . Doc . Help . . . l 

{ ______________________ ;. ________ ; ________ ; ________ ;--~~~~~!'!!!; _Q~9!~!~!-; __ Qe~~!!!-- > 
. . . . . ) 

~ Preliminary Study · (!] · · [!] · YES · ~ 
( . . ) 
( Detailed Data XX (]] ; XX (!J; (][] YES YES YES ) 
( ) 

~ Study Process XX (!] : XX [!] ~ (!] YES YES YES ~ 
( : not : ) 
(Realization XX[!] :involved: XX[!]: YES ) 

~ ~ 
( Implementation [!!] []!] YES YES ) 
( ) 

In conclusion, we are sure that these objectives are not utopian. Sormof 
them have already been reached on other machines and the RAPID-tools are 
a good basis for reaching them on HP 3000 computers. 
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~r4~'i • 7.' 
i'45 ~u: 
i-45'. 9':3 
1.:i/j : 
146.1 
l 4(, ~-2 
146; 3 
21io --·= 

GETC Fotuu-- MCCIDE ; - CUR r~ cNr; 
---,,-;: F,_'.Q: ,;.,. ricont:-=sAISHT; 

-, r-t·=-c;;;- tiCtil>C·· 5Ar::itE, 
~F2~-~Mcon~~SAIBIE~ 
T3-,.- MCODE:-sAI3IE, 
- f _, ':= · MCOl)E"-:'So\ IEl-l E ·, 
-r~ -,.. MCOl>E·- t;AISlE 1 

oFb;: ... · McOD£ ··~AI!:UE,. 
·r7 ,.;- MCCIDE·· BAISH', 
FO- = flE'TOUfl .. ·i'tE.NIJ i ~ 

ECRAN ND 02 
-~00=;_ 1-
20o.2 
200. ~' 
200.4 DE!:JCR iPTIF-·Ett::::ALL.C.GC 
.200 'fl~ -~ ~-· 
.200 ;(;,' ( <-' 
. 200-;'i': 
2uo:i::J 1'10-EStR;;DEF'-·ITEH: 
200-•. 9-
201 
~>.O 1·,1 
2111. 2 
201.3 
201.4 
201.5 

0201.6 
201. 7' 
201. u 
201. 9· 
:.~10 

210.1 
210.2-
210.J 
210.4 
210 .!:; 
210.li 
2111.1 
210.0 
·2111-,·J) 
:21 i , __ -
·i!,1-h_l 
21 le,-;'!: 

c;:?l 'l.:;-;J· 
211-,4-

_-nu-. 5-
21 Lu 

= .. 211·; 7 
0240 ,, 
240-,c:t 

'2411.2 
··240 I 3 
: 240'. 4 

DErINE(IT~H) U-N-EMH 
-DE FIN£< HEH) C .. pt:,[~ .. REC- -
-DEfIH~CllEH) U-CONl .. lMU 
DEFINE<lft:.HS U-U-CONf 

~DEFINE( LTHI> V·-LUNG: .. E.M.I; 
=: i>t:.F wl:: <-HEH> •J·-·LArw-i::.11u 

DEfINtE l.lEH>- V-·HAIH·~Em:: 
"l>EhNE< J:Tf.11) V·:·1>1>:J"ttlB 

MOESLll-INIT-ITEM: 

REDLT<UTACK) LIST1 
~IST -MESS-EHR 1 INit: 

. Z-f~Rl~ 1 1NlT: 
-- IJ·:D·-JOUfl I INIT I 
. v-~u D--Pr<OC 1 INI T: 

V--C-EMD I INIT: - -­
·V··N-" EMD, IN Ir:. 
. U .. C ... l't:.H ~-llt::C, !NIT I 
ij .... CIJIH .. EMB; INIT: 
v .. ·U-·CONT, INI r: :c·-­

-v .. LONG· ·EMB,CINiT :- -
. V':LAl~G-·EMB i INI f v 
V·· t]Ai.n -·EMf.:, INIT: 
V·:POJJ--lM(: !-iNH r 

MDC!3CR··ArT1Cli 1 

-ru1crokM> MDEOCR,INIT~WlNOOWa(• ">; 

245 --~ .:R .. ·SAI!HE: 
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X <OJ) i 
X(0:'.1>; 
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PAGC :3 . 

. Z45:;'J·: 
;~45.2 
'24S~:.:r 
'245:4 

·· 24~5-~:S:· 
·24!':i~·G-

245i.7' 
245-;-o' 
245.7''?'. 
2'46---:--' 
'24£>. t:' 
24l:;; 2 
21.:i'<J. = ·2r.1f' ··-

:2·&0-:-;::t 
::!bu .. ~!" 
·26s:·::--~ 

2uti':'1: 
265 .. E2-
'i?tl~j 
2£.~:r: ... ~..-~ 
265~5 
2'70·c, 
2?0'~f-
JOO''"' 
300'.'1 

·300•·2 
.300'. iJ 
30 0.-;AI 
3od"fs· 
;300.P.' 
~~oo+?­
:au O·; Q 
300'i·9 
.30 l·" 
i3ol'"+T 
·301-.::.?.· 
''Jll'i :;3: 
30 "l·.-4-

· JO t:;.~; 
-301.:~6 
:a1ft'~7-­
.Jo 1,..o. 
J-0 i-:rt 
30<! .. -.,. 
°3il2,of 
302;2· 
Jll2 ,;; 

<30:'!. 4 
302-i-5 
30~~. (:, 
302.7 
302.B 
302.9 
30.:s 
:511;~. t· 
;30;,1.;'! 

GCT(FlJRH)- tmrncr.-;-· ·cui::fttNi"; 
FiJf·-= ,MJ;ESCR'~CONl!Wt.E i 
FY-' .. --~rncGtR .. VAL i D • . ··-· 
:F:.:?,:"'~0 HliESClh'J:iAISJ:E', 
h=~=~mEt::tr-:::CAi:til:c'; 
.F4_=:: 'HDESCR:"AfFICl-t°f 
'FS-'ii:. cl·iiiCt:CIFG"Al!'.irC:: i. 
'f:q;;-'"' ~.1'.tliESCR?SAlSl'.E·;. 
-r:'7'11 · ~ti7Et:CR·:cop':tr.-.-· 
"1'"0--.'=--·,urANDON)' . 

r~rW~l-tARDC:DP:Y: ·tucm..-< VOU.r>) f 
'Gt:FHi- MDESCil";Aff'ICli ( . . . 

HOE:U(;R'·CONrnOLCT· 

(( 
-fr 
((-. 

« 
ECRAN NO 03 

-( t: 
"((-

:TAR r F · GL::NEr~ AL · DE t' tMBAl.J .• At;c 

H~ 

ttrAR-i»e:r-~n·c:ii: 

i>El~iNE d"fett V~trrt=-L1F'i-rrAr~'-­
:!/EFlNEJ .£ Tt•l1> ·:_l.;,G:-Ji( T?MJ Al~'. 

-DEF-·INE<ITEM> ·Ll(;NE-IHAI< 
. " . . -· ·. 'NO-·l:U-·M l"Aft 

·V···1'.7lf·-TAR. 
IJ-Ni:l-·Vllt->"·l:J40' 
V··Pl,X··IJ··VC::N 
t}-··1 1 1~ X ··I.I· ·CSG 
V-· f'I~ X ·· U-~;,1::11 

DE:.FINC <HEM>· Cll~·-PAGE>-·MlAR 
JH;.FIN£( 1 fEHI -flAGlo-·MAX···MfAn 

·DEfINEtITEM~"TAB-MlA~ 

DC::FINCCITCM)·WTAB·MTAR 
Wl'AG···lifAll 
~lrOf.·· M l"l\R 
NO ·Pllf.H ··IHAic 
W··ll··EI-· TAR 
1.J· ·ND-Vil !J ·Oil) 
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X<00311): 
X<02>•LlGNE~MTAll<t>: 
X<OU>•LlGNE-HTARCJ>1 
xtna>-LIGNE-Ml"AR<tt>: 
X ( 0£,)"'-l. IG:K··Nl"AI< < 1 :7.): 
XC06>-LIGNE-MlAllC19>: 
XC06)•LIGNE-~IAkC25>; 

90'.) i 
9(2) .i 

()1})((01133>; 

O~:iX<ll~~4C): 
lllJX (() 0 ~rn) = l•ff"AD ··M rnn ( I ) : 

X<00311) 
x <0;:!) 
X<OIJ) 
>< < o:~) 

l•'PAG·· MH•I' < 1 > : 
WPD3-M1AU <11001): 
~ll·Oi:; -·IH AR C II 0 0 3) : 
WPGS R <0011>: 



PAGE 4-

JOJ.3 
303.4 
3tU.!) 
30-3 ,[, 
31 o. 
3 t O-.'l 
J l-O-_,.~:~ 
310.3 
Jt 0 ;4. 
31.tl ;5 
310.[; 
3 t ll . '/ 
310 ;13 
"3 i (),' •;-
311 c. 

Jt t. 1 
31t.2 
311 . J 
31 l,4 
31 1 . 5' 
311:6 
311.7 
31LB 
311".S' 
340. 
340.1 
340.2 
~14(). J 
'.34o ·. 4 
345 
7345; 1 
~34:::;;~! 

'J45i'3' 
345 ,-4 
··34~. t:> 
34~i. (., 
345. '/ 
34~i .o 
345.') 
346 
34b ;cl 
346.2. 
34(:..~) 

•M[Al~··:CNIT··ITLM: 

!>1-·l'llX··U··IJr:.N 
i.H"RX·· U·: CSG 
,,, •·I' :l X ··U·-AUI 

IH:'rn:::r-rnTACI~ )c:U!::l; 
i::rnr i·1css:~rnn 1 INIT: 

z-rnR. HHI: 
L'.G··Tfl 'r··MTAI~ I HUT: 
CTR LG Ml Al\, INil :· 
\J- D ··JOlJft, I Ni T: 
V·· LI ll•·Pl~JlC i IN H :~ 
V 0 ·C ·(Mit·;mn:. 
\I-· M·' EMl:, HH T 1 

C1R-PAG~"MTAR 1 INIT1 
r'AGL-·M,;x-.NTAH. rnn : 
LIGNt>MTAll, INiT: . 
·1.Al:·:·MTAR, llHT: • 
!HAD ··MTAR I !NIT i 

Pllf<FOIH'ff MTAI~ 1·JNIT,MrnDOWH • "), 

NTAIF f~AIS:CE: 

·GcrcrrJrrn> MTAR' GUIUl[.MT I 
-Fo·· .,-MTAR':CONTROl.:E;, 
fl "' MTAl~··\IALill, 
_F::.?·=0-MTAn ·PAG··Pl'l£Ci· 
f3'=-MTAR··PAG··DU1U, 
F4 =<-MTAT!'·SAI3IE 1 . 

r5 = MTAR·BAISIC, 
fbc= MTAT!·DAIDIE~ 
r7 MTAI~ COPIE, 
FU • ABANDON! . 

X<06Jc• wrou ·MTAN COOlJ): 
X(O(,) l11'DS··l·iT1'W <Olll';'): 
)((0;'.,) ""i.1:•m:··MrAI( (llil2:•:;)j 

35d MTAR··PAG··PREC: 
350;1 
·J50-;·2 
·3~ill; '3 
-350 .. 4 
,3:511. :•; 
350 . fr 
350 .·/ 
350. u· 
-350. 9 
:J51 
3'.51' 1 
J:i 1 . 2 
35 l-. 3 

iP ·<cm· PM~C·'MTAtn· =- 1-n:EN 
-oo 

PUl<FUf.?Ml MTAH, 
~f!Nl/l.)~l..,< "l'AS. DE l'AGI~ :'llECUH:.NlE ! ") 1 

LIST•<V-D-JOUR:TAD·MlAR); 
. GIJ,lO MTAR-SAISIE1 . 

-IHJE.M () 
1:.LGE 

l)(J 
LEI' o(CTl~~PAGC·-i-ilAIO <ClR-PAGC· MIAID 1; 
LEr OFFSEf<lJl'AG-MlAfl) '"UFF::>Ef<\•IPAt:-MTAf!)~-U;1.•lU; 
MOVE (LIGNL-HfARl •-"•"i 
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351.4 
3::;1. 5 
351 .b 
351 .7 
351 .o. 
3•::;1 • 9-· 
35~) _ 
3'.55. t · 
35~::.-, ~~ -­
~~5~'i. 3' 
35~5 .. 4 -· 
J!)~). 5 
3~5~j. 6 
;.1 ~'i:-5 • "l-
35!5 ~fl· 
.355-;9-.: 
35\:t- ·-
356. t. 

356;3 

35::,,-5-

il56. 'l 
3%.(J 
3~;{,. ') 
3~5'? 

~\57. 1 
35'?.2 
357·;3 
:3~j7. 4 

. '3'.)"l; 5 
:357 ;6 
3;:;?; "l 
35·;> ._n,_ 

~3611--'c..oc 

~160 • 1 . 
. 360 ;2-

3l>O . . ~~ 
3(:,fl. 4. 
360. :;; 

·360;6 
~~l.!3 -
3t>'.J; ·f, 

36~:.:; ;J 
31.,~:j- .. 4 

:'5'?0·­
:-370' ·1 
3'?0; ;.:~ 

:.\!'O.J 
J'/O. 4 
· .. } '? o-. ~~ 
3'70 '(; 
J.'/O-. '/ 
J::·io; u 

HOVE CfAD-HTARJ • 
LLT <LG·-"l'IH·-MfAI~> 

GO TO MJ'AR· .. AFFICll i 
DDENI>i 

(l./PAG-·IHAll l i 
0 i 

M fAR-PAG·-BUIV: 

11::::· (C,:l'lh-f1 AGE,-Ml/'.il~) ,.- <PAGl':· MAX·Mf'AI.:) TllLN · 
·- 1)()-'-::,:.c 'CC~CC~-·.~. - ::, 

PUFCFOl~M> MTARr- - =. 
WINDOW•<"PAS DE PAGE SUIUAMTC !">, 
LIDf•(U· i-JOUR:lAD Ml'AR>; 

GO TD MTAR-SAIS!Er - . 
: l)()(l'f {)- ... 

ElcSE 
.. I)() 

l..l~T <Crn·PAL;C·MTAln <i::TR· PAGL· Mrnln I t; 
.Lff~_OFF:C.:1.:.'f'. OH'AG .. Mf Afl i =:'OFfSt~T UJl>AG --M fAH > t·0;:!40; 
·MOVE ·<LIGNE··MTAR )· =- " ·" i 
ff_ (CTR ·l'AGE ·i'llAllJ -= <l'AGE--MAX ·MTHllJ TllCN 
-- 0DO"~'-· 

~ MOVC- (NO··LC t\TAln =- <CTR· LG· MIAtn 
"'LET <LG TRf-·Mfo~R) =<CHI LG MTMO 

LET OFFGET<WrOS·MlAR) = OOJO»CLG· Rl-MlAR>· 0030; 

EU3C· 
DO 

·u::r (LG .. TIH .. tHAI<) ~ 0 i 
·J;>OEND; 

MOVE c('J AD ·MTAtn = <t<ll'Ati· MTA!n; 
~-GO TD MTAl!· .. AFFICll; . 

ll!J[NOf 

i-fFAR;, EFFA!~: 

MOVE- <l~IGNE· MfAl°n -: "-"; 
110\JL <NO··LC ·MTArn = <LG ·rn 1'·-MfAll>; 

-Gil Hi MI AR" AIT ICll ;- · 

M fAl~·:·COP IC; 

PROC HARCCCWY CUCOMiVLMDll; 
GO TD MIAR~AFFICH; . 

MfAR: CDNTIHJLC: 

< < 

-ii:::::r f'l.H.rn :JH>TINGIJER : 
UNL UA1Sll LN ULWULNCL 
UNL DLMANDC DL LIGNL 
UME MUDIFICATIOH DL LIGHL 
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-3·1u •-'l 
371 
371 .1 
3'/i. 2 

.J'? 1- .::~ 

3;,>1 f4 
Tl l , 5-
Tl 1 T6 
3·71-; 7 
~171;fJ 

371 ''}-

..172, I 

372,;_1 
3~'2 .A 

J/;·~. ~i 

-372;7 

·coNJROLE-DE LA"LIGNt SAISIE 
MIUL [H.TADL[ APRLG CONfRULL 

MOVE- (NO·· LI> M JAR>--,., " " ~ 

ff·<LIGNEMTARl =" • Ti1EN 
DU 

)} 
) ) 

)) 

» 

H (CTI~- ·PAG[·-M fAln < > <PAGL M>1X IHAI~) HlLM 
GU ru SUP·LG ·MfAR1 

- IF <Cm- LG MTAIU '( > <NO··LC- MIARl 1111:.N 
_GO TO SUP··LG -MfAR1 

DOE NO; -
ff·(LlGNL"-MlAR> =:•" ''~flll.N GU TU MJAl,--!:lAlSll; 
MOlJ[ <NU·LC··MfAlll = <LG--lflf--i"ITAfl>1 

]72' 0 < < )} 
)) J,'lr!._?_-: t< COIHiWLl~ DE tl!\':UGNC 

373 ·-~ { < 
sn. 1 

373.3 
3 '7" ' ,, 
;_~?5. 1 
3'1'5' ::~ 
3?5.3 
375.4 
3'?5 ,""5 
·:1'?5.6 

:JUI' -LG -MT Af{ 
<C DUl'PR[SSION DL llGNL 
CC SUPPllEGDIUN DE LIGNE 
( (-

MOVE <NU -LC·MTAfl) •·<tG··TRf·-MTAR>1 

>) 
)) 

}) 

• 37:5. 7- F'INc"GUN rrrnu.-~1n·AR I 
:\l'~}.D 

3'7:"5". ?· 
:~7(.;-
37!.. 1 
376-;'2 

MOVL (1.11'08· MTAR) -=- -CtIGNt•·MTAI< > ~ -
ff-'-H:rn··PAGC-·l·iTAIH -<> <l'AGC··MAX.·Ml'Afl) nu.:.t~ GO fO l'!H·MUIHF ·MTAR. 

•Ir :<Crn··LG-~HM> •(} -<NU--·LC·-MIAR)" lllt:N GU HI Hlf'RISF·-·!:iUJ·l·ilA!~; . 

37t,; J- MTAI< · :INCl~LMLN I·: t;tMIJl...NCL __ 
376;4 
J'lt: .. -,,e;· 
39£1.6 
3'7(.)·. 'l-­
"376; l.l 
3 .. ,, ... n 

I \.) 1· ,• 

3'7'7' 1 
·-J'?I'. 2 
3~7 7-, 3 
3Cj7 ;-4 
J?'/-15 
~J77:t:.· 
37 .. l=,·'7. 
37'7; 0 
:J77·; 9-
378'"''"­
_.17fh1 

UNt:::·:YAGL:--M rnr~ · r 

t.IN--·l''Ol}'I L--·MTAI( ··· 1 

LLI lWl"!:i[l(l~POU·l'tlAI~) "-'· (Jf'l"st:l<!•'l"f:lt:-·MIM~) 1 i?.n; 
MO~J[·-·CLJGNE··MTAR> - "--"~ 

LET CCTR· LG· MfAR> • <CTR· LG MlARJ i 11 
·MOUE CNLl--LC·MTAlll • CCTR·-LG·MTARl i -
LLI (LG·"ll~-l"l·HAl<J :M·<CTR--LG--MIAf::); 
ff ( l..G ·TR f ·M fAfl). > on Tl l[t~ GO TO i rn .. ,, AG::c MTAP I 
MUVC~<lAU· MfAN) • (Wl"A~--MlARl 1 
GO TIJ MTA;~ --ArTICll; . 

PIN--PAG[·- MTAI~ I 

LEl =ccTTI··PAGE·HTAR> ~ <CTR· PAGL·MlAR> i 1 I 
IF CCIII ·l'AGE--MlAill > 115 f11t:.N 
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370 ;:;:!-
3713~~ 
:371:}-;4_ 
370;5 
3'ltl. b 
37i:t; 7 
J?IJ.-B 
37B'i9 
:p~ 

3'l9';Y 
-379--;-{-~-

311'}-;-J 
;p9 • 4 
;_\-7'lo5' 
3'7'1.-.:b: 
:379:-'7~ 
,37t)Al 
37??9" 
;:mo=: 
:.mo ¥:t-: 
381h2 
<sllli 'i-J 
3EHI. 4 
-'30thS 
380 ,-/,,: 
JOltil­
:rno ;O: 

380. 9 
301 
381>1 
~mt .2 
:361 ; :3 
381 ; 4 
301-,'~; 

301 ,1:, 

31H'i7 
381 .o 
3B·l .'9 
302 -
38:'! .1 
3fJ2 . i! 
382·;3. 
an::?, 4 
:5i3:'!{ ::; 
382.6. 
38:.~··.~.7-

~10;~ ;·U 
'30;:! ,-<_7 • 

JD:.l·-· 
38:.L 1: 
JDJ.2 
·:3t:L~ .-3 
JDJ.4 
~·50:?,; :~ -
3llJ.6 
JD~!;,"?· 

JOJ.B 

llCl~u::rf··PACl(ARD ~::2201A.~1 .r:~ [lJlT/:::ooo TUE, JUI.. 1~~ .. t?O:L 3:3!'i l'tl ([;) 

DO 
fJPDATC<FORfD MTAI< 1 

lHNl>U'·I=< '"fAf:Lt:: l'Lt::INL -; - Ii·lPOU::;rnLL l/£ CIH~E.11 I">; 
MOUL CNO··LC MTAR> • " ": 

·L£T ccrn·-·1•A1.;t:-·Ml'Aln "" <C:ll'l·PAGE··MTA:n. 1 ! 
LCT (LG~ TIH'"M rAtn· -,~. 0: -
Gll~+o _~MTAn" ·Al'_FI: C:I; 

-'DOEND; - -
·t~[ m•u:a::T( ~ll"AG::MtAI~>- ""'· OFF!:ll::.] tlJl)AG··l·HAR.t=:L 0240 \ 
Tl~ OFFSff(t~rtJ::r .. ttTAR ,_ .... o-, . - -
,Lf.:'1=4f~AGf.>·MAX:·• MT At;)==•< CH;·· PAGL' fffAIU !-
l-IOVE -< U:GNE--M'f AID'"' " ": 
-MOVL <NCJ·:L.G:~MTARi -,~'"01 '~ 
i::ET:.:tcTiF-'l:t::c;MTATD'··;;;·': fr'~ 

-L:CF< L:G~ fR·T'· lifAR >· •:=.--'- ·i T 
GO ,J,Q,7MfMl:Al:F'.IC!h 

cREf'R f.S£;::zSE(~,:=M fAfk,~ 

l:.l::Cf:OFfBE'!':<IJl"Of.kM:IAl:i)_ ... 0030:t(Crn· LG· HTAI~ )- oo:rn: 
MDiJ!i'-" f[-l: GNl.?-·lfl' An): = " °'"-i - . 
MOVE-(;:~/U·-LC--1-JTAI~>--: ""'- (C 11~ - LG- M'1 Al~> i 
liDIJE>HAB-·ii·fAll-> c= {l~f'AG~MTAfl >; 
Uol: <LG· mT--lffAI<->--= <NO· LC··~ilAID. 
GO HIMTAn-·Al'FfClli -

MOVE CLJ.GNt::. .. M'IAR} -= " "r 
l·IOVE·<Tt'tB-·MlAll> · = (l~PAG~·tlTAR>; 
bET <LG-lRT-HTAR)-• t; . 
.GO +Q ttTArl··AFFICl-I; . 

·1r-=--<cnF-f'AGC .. 'HfAR>-"' (f'iiGC··MAX--IHM> TME:N 
DU _ .. _ 

IF (N(J·~l:.C·"IHAR) = '(CTR··l.G MH\R)- Tl:E.N 
DO-

·MOVC':·c·z,·t::rn )' ·= "NO· U> MTAR": 
·MDV•.:::.<MESS ·l.!JHnc =.-"II.. N'Y A PAU DE -uGNE All NIJl-i(flO Dl!.MAl~DE"; 
PEJ<FORM·-AFF'ICll'··El~r~um: 

.GO TU Ml'AR-BAIBIE; . 
·tib~ND: . 

DOE.ND . 
-Et._rn::: 

1)0 -
Ile <MO .. LC Mfl'ilD -- > on- Tt:t:.N 

L\O 
MOVC·('Z ... Lrn~>"' "N(J .. LC·IHAl~"I 
1-11)\}£ <i-H:S~l .r.;·1111) ·.:. "Nl!i·H:ao J)l LJ.GNt:: 11~1'1.:Jnt:.UI~ 1.ilJ [t;AL A OU" i 
l"El;IOl~M AFI' ICt:· El~f.:FUI<: 
GO TO MfA~-SAISIC) . 

IHJEND t 

- DOEND i 
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: Pt"1G[ 5· 

351 .4 
351 .'5 
351 .b 
351 .7 
351 .u. 
351. 9-· 
35~5-
J~\S. t · 
35!:.-. ~~. 
:~s~:; .. -a-
355. 4 -
J::.t:i.5 
35~;;,t_, 
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DOEND1 
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· tJ'.:'r-<CTl~··+'AG[··tiTAI() = ·<CTI~· f'AGE· Mf"AIO ·I 1 i 
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l.CT <LG·· rnl··~HAI<) =- 0; 
DOENDi . 

HOVl2 -o·n AD ··Ml'Aln "" <IJl"AG· MTA!n 1 
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l>OEND;-
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PRIJC HARDCOP¥ <UCDK<VEMD>>; 
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Al JTOMA TINC"; SYSTEMS DEVELOPlvlENT WITH A 

DATA DICTIONAHY 

David C. Du111mer 
llvlAr:S Systems Corporation 

Los .l\ngeles, California 

This paper reviews the traditional role of a data dictionary and then 
considers its speciric role and capabilities in automating application systems 
development. Oelivery of the paper at the Edinburgh conference will 
cnncentrute on details of the types of computer aids that can be driven by 
Dicliorwry/3000; include practical experiences that the author has had with 
uuch ail.ls; and make mention of the latest factual and speculative information 
or1 the future direction of Dictionary/3000. 

IJict ionary/300() was introduced by Hewlett-Packard almost two years ago and 
there are now several other general purpose and specialized date dictionaries 
available for the HP3000 computer system from independent software suppliers. 

Data dictionaries are in many ways the hot topic of the eighties much as data 
base management systems were in the seventies. Dictionaries ere not new to 
the data processing profession, particularly in the mainframe environments, 
but they are undergoing great change as they evolve from a passive 
documentation role into being an active online component in computer system 
uperutions. The breadth of use and application of a data dictionary are still 
not well understood by the data processing and user communities. Even less 
well understood is the cost and effort involved in setting up a data 
dictionary facility to ensure maximum benefits for both current and potential 
applications. 

Data dictionaries first emerged as documentation and standardization tools 
imd, indeed, these purposes still remain a major contribution to lheir use in 
da la processing departments. This application of a dictionary can ensure that 
everyone within the department uses consistent narnes for objects, such as data 
fields and files, and understands the nature of an object when its name is 
used in verbal or written communications. This is not unlike a natural 
langu<:HJe dictionary that defines the meaning of a particular word (object) of 
the lawiuage and details its use in the context of other words. 

Within the data processing environment we can identify further objects such as 
cfata entry screens, report layouts, data structures, data processing programs 
rmd computer system equipment. If each of these objr.cts is qiven a unique 
na111H or identifier within its own type then uso of the object should Im 
clearly and consistently understood. This is becoming even more critical in 
distributed data base and processing situations where objects are often shnred 
by many people in differont locations. 

For examplr., a data dictiormry could define a dnta field, whose name is 
Cl JSTOMEl~-COD[, as an alpha-numeric string of ten characters whirh is used lo 
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uniquely identify a customer. The clict.ionary may provide still more 
informal ion about the data field: synonym names that apply lo the field in 
different areas of usage; physical location of the data field; the textual 
heading for the field when used in a report; validation rules for field 
val1Jes; who or what generates, changes or uses field values. This list is not 
meant to be all-inclusive but to simply highlight the fact that the dictionary 
can contain as little or as much information about an object as is required by 
the users. 

Dictionaries are not new to many organizations. Most of them have at one lime 
or another created manual forms to define data fields, data file record 
layouts and data processing record layouts. These dictionaries have normally 
been part of the documentation effort designed to allow additions and changes 
to existing files or programs to be readily implemented. However, the recent 
widespread computerization of data dictionaries has presenter! a tremendous 
opportunity in the scope of their usage. Considering that a data dictionary 
is simply an information system about a pa1·ticular data processing 
environment, all of the tools available to support computer-based information 
management systems can therefore be used in the implementation of such a data 
dictionary. For instance, its content can be stored in a data base structure 
and use can be made of data base processing and reporting systems to 
effectively manage and utilize the contents. Unfortunately the computer 
industry has often been the last to benefit from its own technology and tools! 

Fly making the dictionary resident on a computer system, ils content is not 
only available to users but can also be accessetl by pror1rams and processes 
running on the computer. Such a dictionary data base hecornes the hub of many 
computer systems and utilities that can aid the analysis, design, development, 
maintenance and control functions within the data processiny department 
(Figure 1). The degree to which an organization evolves its data dictionary 
is generally a function of perceived value, the acceptance of centrnlized 
definitions and the implementation budget available. It should not he 
overlooked that a data dictionary will also require some level of maintenance 
and control on an ongoing basis. 

Several organizations have created the position of data base administrator or 
information resource manager to address the need to mana<1e the data resources 
of the company. As the requirement for more accurate and timely information 
for business decision-making continues to increase, the data base 
administration role becomes more focussed. The dictionary represents n 
fundamental tool by which the administrator can document and control the date 
processing environment under his or her charge. Since many groups within the 
data processing department will rely on the integrity of the dictionnry 
contents, a data dictionary will typically employ some form of security that 
restricts its modification to the data base administrator. If an analyst or 
programmer produces new or modified systems then the resulting data dictionary 
entries should he made in a controlled manner through the data base 
administration function. 

Many data dictionnries contain extensive direct.ory features. This facility 
allows objects of different l ypes to be linked in order to document ownership 
or usage. For P. xarnple: a clala field lo a data file; a data field to a 
progrnnt; a datn file (set) to a data base; a data file to a disk drive. The 
directory information not only supports system enlmncernent and maintenance 
efforts hut can nls'l allow programs to dynamically determine physical and 
lnqical relationships bet.ween objects re4uiring process. For exarnple, n 
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proqrarn may require a parlicular data field; information from t.he dicliu1mry 
can then indicate which data file or files contain the field and, in a network 
environment, which computer(s) in the network should be accessed for the 
files. The directory organization of Dictiunary/3000 is shown in Figure 2. 

~iorne data dictionaries contain information about the data processing users and 
define which data files and programs a particular user may access. l1y plocinq 
this type of access security rule in the dictionary the data base 
administrator, or the equivalent function, can centrally control the data 
processinq environment. Such a dictionary is of course complemented by tl1e 
necessary programs, monitors and operating system interfaces that 
automalically effect and enforce the security measures. 

Data dictionaries are clearly evolving towards a state where all or most of 
the definitions are removed from programs and placed in a central system data 
dictionary. These programs are then virtually independent of the physical 
structures within the data processing system and the structures can be· 
modified, to react to configuration or usage changes, without affectinl] the 
programs. The transition from a passive to an active role has moved the data 
dictionary from a position of usefulness to one of necessity. 

With this purspective of a computer-based active data dictionary and the 
def in it i ona I and directory structures available let us now examine its use by 
automated systems development aids. 

The simplest computer aids are utilities that transform dictionary information 
into formats suitable fol' other processes lo eliminate the need for any manual 
input effort. Exarnples of such utilities In the HPJOOO environment are: 

11) DICTDBr.: an HP utility that uses an IMAGE data base definition in 
Oictionary/,:5000 to build a schema description file suitable as input 
t.o the DBSCHEMA processor. Generation of physical IMAGE data bases 
can therefore be completely automated from the design information in 
the dictionary. 

b) IMAC:S*COllRA: an independent software vendor utility that builds 
COllOL copylib file records from data definitions in Dictionary/3000. 
roBOL program development can then benefit from the central 
definitions and control of the dictionary. 

These utilities simply provide a 'brid9e' to a process that was not originally 
designed lo access the dictionary. One wonders, for example, whether a future 
release of the HP COBOL ·compiler might be capable of directly accessing the 
dictionary for most, if not all, of the information required for the DAT A 
DIVISION. A direct link Is however already used by the HP Transact compiler, 
a member of the HP RAPID family of productivity tools, which accesses the 
dictionary to resolve any undefined data items used in Transact prograrn 
procedures (Figure 3). A programmer need therefore only define local 
computational Items in a Transact program and can lake advantage of central 
definition and redefinition in Dictlonary/3000, The latter implies that no 
program changes or additions are required when data items, data bases or files 
are redesigned. 

Processes that use dictionary information can also qeneratn procedural lol)iC 
based on defined relationships. Such processes further reduce the need for 
manual effort in buildinl) information systems. HP Inform uses the 
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Oictionary/JUOO data base extensively lo generate reports from requirements 
specified by a simple end-user menu dialogue (Figure 4). Inform fil·st uses 
structures defined in the dictionary lo present a set of tailored menus to the 
end-user from which he or she may explore the information available for 
reporting, whether stored in IMAGE data bases, KSAM files or MPE sequential 
files. This presents a fully logical view of the data to the end-user and is 
totally independent of the physical data structures. Once the end-user has 
indicated the data Items required and any additional specifications (such as 
sortin9, totals, selection rules, report format and computational fields), 
Inform accesses the dictionary to find out •the file, or files, that contain 
the required data items. In the event of a data item appearing in more than 
one file, Inform uses an optimizing algorithm to minimize the nwnher of files 
to be read and to favor files having some form of keyed access, such as an 
IMAGE data set. It should be noted that Dictionary /JOOIJ provides for 
specifications that can override or Influence the Inform algorithm. Inform 
also determines an optimal access strategy If more than one file needs lo be 
read. f'rom the dictionary information, indirect paths hetween files or data 
bases can also be determined, for example: the need lo read one or 111ore 
additional data sets to link two required data sets; or Lhe use of a common 
data item not defined as a key, or match varlalJlo, as o link IJetween two data 
sets or files. Inform finally builds the necessary procedural code t.o read 
the data file, or flies, and to produce the specified repm·t formal. 

Inform could of course have an Independent set of tal>les or lihraries lo drive 
its algorithms and processes, Its use of a central dictionary minimizes the 
work of data processing staff in recording any system additions or changes and 
ensures that Inform has access to system information that should be the latest 
and most accurate available. 

Inform is a good example of an automated system development tool for 
information reporting. However this is but only one part of general data 
processing - what about data entry, storage, manipulation and retrieval? 
Well, the same type of relationship structures used by Inform can also be 
employed to build procedural logic to support data entry and storage. In tho 
HPJOOO development environment, where VPLUS is a popular facility for block 
mode data entry, Dictlonary/JOOO can be used to define VPUJS form layouts and 
the relationship between form data fields and their appearance in sto..age 
fl les. Based on this information, algorithms can be designed to drive VPU JS 
functions and then the required IMAGE, KSAM or MPE operations for subsequent 
data storage or retrieval. 

Variations of the developed procedural steps can be used to support other data 
processing functions such as editing and updating. Such procedural logic will 
often only support simple applications and, for Instance, a data entry prograrn 
specification may include complex rules for validation, error handlimJ, table 
lookup, etc. However, many of these rules ·can be expres11ed in the form nf 
definillons .or lnbles and can therch1re also be input lo algorithms that will 
autornatlcally generate the necessary procedurnl code. 

There arc many ways of providing the rules for automatic code gemiratiOA and 
many langua<Je forms that the code can tako. Tho 1·ules can be provided by such 
vehicles as a vr,ry high level non-procedural system specification languarJe, a 
set of definitions and rules in a data dictionary, the schema structure of an 
lt-·IAGE data base or combination thcl'eof. The code generated can be In such 
forms ns COBOL, PASCAL, assembler staternentn or operators for a run-Lime 
transaction processor. 
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One example of the implementation of a dictionary-driven application C)enerntnr 
is llv1AC:S*PROGl~AMl·.'1EH. This product Lakes advantage of inforinatiun in lhe 
f)ictioriary/3000 data lrnse lo produce Transact source code files. It can 
generole code t.o support the mninlemmce of IMAGE dnta hases, l<SAM files and 
MPE sequential files with either a character mode or VPLUS user interface. 
lnfor111alio11 from the dictionary can be complemented by addilinnal 
specifications input by the person running the program generation process. 
The scope of Transact program generated varies from complete maintenance 
syslerns to sophisticated pro9rarns that perform only certain functions, such as 
duta entry or rcportinl). The proC)ram produced mny be a final solution or the 
pro<_Jrarn sourcu code m11y be further tailored by a programmer to I.Jetter suil the 
desired end-user interface or to perform specialized functions. 
IMACS*PHOGRAMlvlCH in particular supports a prototypinl) approach to application 
system development. The generation of each prototype can l.Je completely, or 
iarc1ely, automated thus freeing the programmer to conc1mlrate on the evolution 
process am.I derivation of final design. 

So far we have considered utilities and processes that aid or automate 
application system implementation - whal about analysis and design? We have 
seen how a data dictionary can document both physical and logical data 
processing structures. In the latter case this can clearly ernl.Jrace the sort 
of data and process structures that evolve during the analysis and design 
steps of application development. Dictionary/JOOO provides one structure, 
CATEGORY, that a user may employ to document logical and functional aspects of 
existing and planned systems. Even though the definition fields associated 
with CATEGORY are limited, a useful level ·of design aid can be implemented lo 
document and assist in the analysis and design of procedures and data files. 
As standard requirements for such computer aids become more evident, 
Oictionary/JOOO may well be expanded to meet their information needs. 

There are several computer aids for analysis available in the mainframe 
environrnenl. One example is STRADIS-DRAW from McDonnell-Douglas Automation. 
This product is based on the Gane and Sarson implementation of Data flow 
Diagrams that supports a system overview level and a design level for detailed 
specifications. A Tektronix color graphics terminal is used to enable an 
analyst to construct end manipulate the data flow diagrams. The diagrams and 
associated textual contents are maintained in a special file on the mainframe 
computer system. 

In the HPJOOO computer system environment IMACS*ANAL YST is a computer aid that 
supports the well accepted Yourdon system analysis method (data-flow 
diagrams). The product uses a specialized dictionary data base to document 
the analytical components and relationships. However, as detail design work 
is accomplished the definitions of data items, files, bases and program 
procedures can be automatically loaded into Dictionary/JOOU. IMACS*ANAL YST 
takes the automation level one step further by using Dictionary/JOOO as a 
bridge between design and Implementation. 

It is not difficult to see the coming evolutionary steps for the dictionary 
and such computer aids. ·As more and more specifications and rules can be 
accommodated by the dictionary then more and more system development steps can 
be automated. Needless to say many challenges still exist in desicJning 
algorithms than can produce complex data processing systems. 

An .important first step hes been made in the HPJnOO computer system 
environment and you can expect to see many more computer aids from 
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Hewlett-Packard, independent software vendors and user rJroup contrihut.ions 
Umt mnke use of Dictionary/3000. 
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The object of this paper is to look at the process of system 

development, from database design through to program coding, i.n a 

sli~htlv different li~ht. The topics to be covered are:-

(a) How an IMAGE database is created, and how 
aspects of the creation process can be of 
particular use to us. 

(b) The self-definin~ nature of IMAOE and VIEW files. 

(e) Accessin11; and maki.ng use of this information, usinp; 
standard software and simple own-written utility 
programs, and in program development. 

(d) Conclusions to be drawn from the above. 

Before starting, it is useful to set out eome objectives, which 

are a6 follows:-

(a) Use standard Hewlett Packard bundled software, plus a 
compiler, wherever possible. Only use other development 
tools where t·hey fill a need that cannot adequately be 
performed by standard software. 

(b) Any utility programs that we write to make use of our 
data dictionaries should be simply and clearly written. 

(c) Privileged mode is absolutely forbidden except where 
Hewlett Packard a~ree to support it. Failure to ohserve 
this guideline can leave us with a corrupt system and 
without support from Hewlett Packard. This topic is 
most important and has been fully covered by F.ugene Volokh (1), 
although he draws a more lenient conclusion. 

What are we looking for in this exercise? Some examples are 

shown below:-

(a) Database design aids - to ensure that our physical 
design is an efficient implementation of our logical 
design - e.~. selectin~ the right dataset capacity and 
block sizes. 

(h) ProP"ram development aids - we can set up copy library 
~e~hers or rPcnr~ rlefinitions automatically. 

(c) F.arly warninp;s and indications of incompatibility -
in a database, perhaps our sorted chains are becominr. 
too larp;e, our datasets are nearly full or are too full 
to be efficient. If, for example, we are usin~ items 
of type I, they are not fully compatible with COilOI .• 

(d) Pro~ra~r.in~ techniques that r.ake use of the information 
available. 
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Every HP3000 installation has resources of data that are 

carefully looked after but only rarely used to the full. Data, 

for example, that would warn us that a particular database needs 

some attention. Data that describes the elements of each 

database and how the elements link together. Poor machine 

performance stems from many different causes, some of which are 

so elementary that they can be picked up and eliminated before 

call:l.ng upon the more complex performance monitoring tools. All 

this data can be accessed using standard 1/0 intrinsics from almost 

any programming lanp;uags, at no extra cost. Only simple 

nrovram~in~ i~ involved, 

Let us consider the stages we go through to set up and use an 

IMAGE database. We sketch out a design, having carried out our 

data analysis, and we usually have several attempts before we feel 

able to r,o any further. We describe the data and the way it links 

together. We define our dataeets according to their type, and we 

work out the capacity.we will need for each one. If we want to, 

we can do a dummy run through the schema processor so that we do 

not create a root file but get a listing in a familiar format that 

we can check and try to improve. We will probably make some small 

syntax errors, which we correct, and then when we are ready, we 

create the root file, 

(. ~ .. -h~:~' 
t.·111<1:: 

I 

~~-:,-.~~~~-L 
-~~~/!_~_I ~J 

I 

I 

'f 

( 
(00 l 

file 

Fig 1: Schema Processor 

14-3 

s, hr"'" 
li~l;"'l 



Figure 1 shows this development sta~e. Notice the dotted 

line between the program and the root file, The latter is not 

created until (a) we ask for it and (b) the syntax is correct. 

THERE IS NO SUCH THING AS AN ItlVALID ROOT FILE. A schema input 

file can be invalid but not the root file. 

All database designers ehould be aware of what will actually 

be set up on disk and the internal structure of an IMAGE database, 

as described in Section 10 of the manual (2 ), An important point 

that is not always realized is that the most suitable block size can 

be worked out individually for each dataset and set up using the 

CONTROL BLOCKMAX statement in front of each dataset definition (3). 

Spending a little time on this aspect of the physical database 

design can result in a more efficient database, which makes fewer 

demands on main storage at run time. Trial and error is the 

beat way using CONTROL NOROOT and the Summary Table produced by 

the schema procesaoi:, which shows the amount of disk space needed 

by the root file. 

Let us consider the root file. 

it do? 

What ie it, and what does 

(a) It is a machine-readable definition of our database 
and it holds details of all the items, sets, paths, 
capacities and security just as we set them up in the 
schema text file. 

(b) It is the one and only reliable Hnk between the files 
in our database and the I/O routines that Hewlett 
Packard provides to read it. 

(c) It provides access to information about the current 
state of our database files. Some of this data is 
static (definitions); other is dynamic (record counts). 

It therefore contains data that can be of much use to us. 

This point is taken up later, 

To create the data base, we run DBU'l'IJ,. By looking at the root 

file, DBUTIL finds out what is n.eeded and creates the necessary files. 
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Fis. 21 Data Base Creation • 

Figure 2, abote~ illustrates thia process. By reference 

to the root file (not tbe schema text tile), DBUTIL sets up the 

empt7 database. There is a further chance to enhance the 
phyeical database design here. Performance can be improved by 

suitable buttering (which ia specified when running DBUTIL) and a 

"1lide to thiR technique is provided by Wendy Matheson in her 

paper "IHAGE/30001 Deaip;ning tor Pertormance and Maintainabil1t7" (} ). 
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Having got this far, with what by now should. be an optimal 

physical database, we are now ready to put data into it by one 

m~ane or another. At run time, using an IMAGE database, file 

access is performed ae shown in Figure 3 below, with access to 

the data eets being controlled through the Data Base Control 

Block (DBCBA and with a User Control Block (UU::B) for each 

access path. 

( 
f') ''- '· ,, 

I \.d 
to: \ l 

Fig. }: Data Base Access • 
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As Fig. 4 below shows, access to conventional files is 

simpler and data definitions are normally held in the program. 

( ----·----{ 
f- •' le 

.- i 
, -- - --------- -- ----·- --

c·~ __ ( 

Fig. 4: Conventional File Access • 

The big difference is that, when using IMAGE, file access 

also makes data definitions available whereas no such facility 

exists with conventional (or KSAM) tiles. This is how we are 

able to say: "Are there any INVOICE records with an INVOICE-DATE 

of 8306011 11 rather lhan1 "Are there any INVOICE records with 

830601 in positions 12 - 1?? 11 • 

When accessing IMAOE data through a user-written program, 

not only are we presented with the record (or portions of record) 

that we ask for, but we are also given some very useful status 

information, The choice is ours whether or not to use it, but 

it is readily available in what is known as the Status Array, 

The Status Array is "a ten-word array in which IMAGE returns 

Status information." (2) When the IMAGE procedure call works 

successfully, the array is set up with different information 

acer 'ng to the intrinsic beinp- called. The first word of the 

arra. ~a always returned from the procedure call with a value of 
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zero if successful1 non-zero if unsuccessful (with predetermined 
codes for each error condition). 

A very simple read of a master dataset can be need to 

identify an impending loss of performance. Each master record's 

physical location in the dataset is determined by the type and 

value of the search item. For non-binary search items (type 

U, X, Z and P) IMAGE attempts to spread new records evenly around 

the dataset regardless of the value contained in the search item. 

Performance deteriorates when the dataset becomes around 80% full, 

For binary search items (type I, J, K, R) the search item VALUE 

determines the d1.sk addresa where IMAGE will attempt to put the 

new record. Where a record already exists at this address, IMAGE 

has to find somewhere else nearby to put the new, Synonym, record, 

If an IMAGE program attempts to read this new record by search item 

value, it will first of all go to the 'old' one, realize that it is 

not the one required, and search through the synonym chain (records 

with the same calculated address) until it finds the one with the 

value it is looking for. As Wendy Matheson has shown, there need 

not be many records in the master data set for this to happen (}). 

Fortunately, we can detect this situation and do something about it. 

Program 11 To check the number of synonyms in a master 
dataset (used when search item is type I, J, K, or R). 

DBOPEN 

DBGET mode 2 (serial read) 

Using the search item value thus obtained, 

DBGET mode 8 (calculated primary read) 

Ignore if return code = 17 (record not a primary) 

Words 5 - 6 then contain the number or records 

in the synonym chain. 

By maintaining a count of records read, and of synonym chains 

encountered, we can calculate some statistics. The program can be 

run periodically, and as a diap;noetic when Ilia.chine performance 

deteriorates. There is no 11mar.:ic number" to watch out for, but 

trends can be established. The result should still be treated 

with caution. If the master detail set is always read serially, 

the program will deal with the records in the order it encounters 

them, regardless of whether or not they are synonyms, ar~ no 

corrective action need he taken at thisstaKe• If 1 ho~ : 0 the 
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dataset is accesfled frequently by search item value and Program I 

shows a trend of more and more synonyms, more and more I/O is 

needed to p:et hold of the right records. The solution is to 

exami.ne the attributes of the search item, with a view to 

convertin~ it to a non-binary type if possible, or perhaps adding 

a check digit (3). 

Program 2: To look for overloaded sorted chains. 

IMA<lE offers the facility to Bort detail records when addin~ 

into a chain. The manual suo; .. ests that these sorted chains be 

kept relatively short (2); Robert Green advocates a maximum of 

10 (11), The followinp; sequence of intrinsics, when carried out 

on a dataset containing a sorted chain, can be used to report on 

overloaded sorted chains:-

DBClPEN 

DBGET mode 2 (serial read) 

Usinr. the (sorted) search item value just read 

DBFIND 

Words 5 - 6 of the Status Array contain the 

count of the number of records in the sorted chain. 

Report if not less than (say) 8. 

AFain, the results of such a program should be treated with 

caution. If records are rarely added to an offending dataset, or 

if they are adr'ed in batch mor'le at a convenient time, remedial 

action is less urgent. The solution is to consider whether the 

sort can be taken out of the chain. 

Both of theee programs can be written quickly in any lanp:uage 

and in such a way as to take into account the nature of the 

processin~ in the individual installation. Privileged mode is 

not needed, These are ;lust two examples of prop:rams that make 

use of the Statue Array which each proP"r11.m calling an IMAGE 

intrinsic has to set up. We can now fl'.O back a step to think ar-ai.n 

about the facilities ·offered by the IMAGE root file. 

Every IMAGE root file is also a machine-readable data 

dictionary. When INAGE datasets are accessed, the root fi.le 

(or rather, a copy of it - the DBCB) is read at the same time to 
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define the data and its struc~ure. There is also an IMAGE 

:lntrins:I c, 11adl:v neP:lec ted 1 which can accene these defini tione 

pro gr a ma tic ally:-

DBINFO 

Advantages of using IMAGE as a Data Dictionary. 

1) An IMAGE ROOT File is always syntactically correct 

and up to date. 

2) No effort is needed to maintain it. 

(DBSCHEMA, PUB.SYS). 

It sets itself up 

3) There is no duplication, such as exists when a separate 

data dictionary is maintained, 

4) Being up to date, there is no risk of incompatibility with 

the data it describes. 

5) Before, durin~ and after pro~ram development, where an 

existing database design is bein~ modified, simply equate 

the root file to access, the correct version. 

6) Similar facilities are available in VI~. 

7) It costs nothing, and is delivered with every HP3000. 

8) It is integrated with the data it describes. 

9) It comes complete with a free, HP - supported means of 

interrop.:atinp; it interactively (the FORM command within QUERY). 

10) It is a mature, reliable product and there is plenty of 

expertise available. There is also a continual development 

and exchange of views on this product via the IIJO. 

'!'he ... n,,M COMl"Bnd within quERY. 

This feature is fairly-well known. It has the facility to 

report on the usage of any, or all, of the data items, datasets, 

or paths within the database bein~ accessed. 

~· 

DRINF'O is an Il~A<lF. intrinsic that provides information about 

any datahase and makes it available within a nrop;ram. It should 
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be pointed out that any such pror;ram should open the database with 

total read capability. With any capability less than this, it 

will not be presented with information for those items to which 

it does not have access. 

are shown below:-

Some of the more commonly-used modes 

Mode 203 

Mode 202 

"Identifies all datasets available in the 

database and the type of access allowed. 11 (2). 

The above mode of DBINFO returns a word array 

containing the set numbers for which the user 

has access. The numbers correspond to the 

order in which the datasets were originally 

defi.ned in the schema. 

i•Describes a specific dataset."(2) 

Having obtained the dataset numbers, we can 

now go in once for each dataset and obtain 

a lot more in for1oa ti on:-

dataset name 

dataset type (automatic or manual master, 

or detail) 

record size 

blocking factor 

capacity 

number of records present 

Notice the combination of data definition and 

physical aspects. 

We now turn to two practical uses of this information, 

Pro,o:ram 3 ! Access anr data base i find out Hach da t!lset 

name, capacity and number of records pre,;ent. 

Produce a report showing this information and 

flag any dataset that is critically full, 

For our definition of 'critically full', we can use that 

provided by na vid Greer - namely 80% for masters and 90~( for 

details (5). The sequence of IMAGE intrinsics is:-

DBOPEN 

DBINFO MODE 203 - what datasets are there? 
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DJHNFO MODE 202 - capacities and record counts 

Calculate, compare, print, and flag. 

Ollce again, each shop needs to look at its own situation 

and requirements. For example, there could be a stand-alone 

detail dataset that always contains one and only one record, with 

a capacity also of one. Thia dataset will always be 100% full, 

and it might be worth hard-codin~ such a dataset out of the flagging 

routine. 

Of narticular value are flap:s that start to apnear for 

master data sets whose search item is ot a non-binary data type 

(U, X; Zand P}, IMAGE attempts to spread these records evenly 

around the dataset and they start to get in each other's way 

(synonym chains begin to grow) when the record count approaches 

80% of capacity. 

Programminr technique: looking ahead. 

Consider a transaction that consists of addinr: one record 

to a master dataset and three records to a related detail dataset, 

If there ia only room for one new master record and one new detail 

record, the transaction will fail, having added one record to each 

dataset, and leaving the database in a state of lo~ical iocompatibility, 

although perfectly valid as far as IMAGE is concerned. To avoid 

this situation, the program should first issue a DBINFO for ench 

of thP. two datasets, and only continue if there is room for one 

more record in the master and three more in the detail dataset. 

We can now continue to look at what is available in DBINFO:-

Mode 10} Defines all data items in the data base 

and 104 II II II II 11 11 data set 

(and the type of access allowed). 

A word array is returnPd, containinr: data item numbers. 

llavinr: identified our datasets (modes 20} and 202) we 

are now well on the way to findinii; out how the database 

is made up. 

Mode 102 Describes a specific data item. 

Jhis is the next step down and it tells us the na ,f a 
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specific ~ata item, alon~ with its data type (I, J 1 K, R, U, X, 

Z, P), sub-item count and length. 

Program It: Create a COBOL copy library member or record 

definition for each dataset in any database. 

necide bow to identify each set uniquely - prefixes? 

DBOPEN 

DBINFO Mode 203 - what datasets are there? 

Mode 202 - define each dataset 

Ignore automatic masters 

Mode 10lt - what data items are there in 

each dataset? 

Mode 102 - define each such data item 

Convert data type to COBOL notation 

e.g. J becomes PIC S9 (OOlt) COMP 

Deel with compound items 

e.g. }OX2 becomes PIC X(002) OCCURS }O 

Write to output file. 

Thie program is easy to write, can be tailored to enforce 

an installation's proyramming standards, and can be used for any 

database once written. 

Protrram 5: Report any data items that are not fully 

compatible with COBOL. 

Data types I, K and R are not fully compatible 

with COBOL. If no processing is going to be done 

on any such fields in a COBOL program, there is no 

problem. Data type I is a particular problem 

because COBOL will happily deal with values within 

the ran~e - 9qq9 to +9999 but not within the ran~es 

- 32?68 to - 10000 or 10000 to 32768. It would be 

useful to report any use of these data types for 

further investigation:-

DBOPEN 

DBINF'O Mode 103 - what data items are there in 

the databar.e? 

Mode 102 - def:l.ne each data item 

Report data types 11 K and R. 
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VIE.W 

Forms files also carry their data definitions around with 

them, and can be considered to be data dictionaries. 

Again, as with IMAGE, we can access this information using 

standard software eunplied by Hewlett Packard. Interactively, 

l''ORMSPEC 15 LIST command is used to report one or more forms. 

Programmatically, three VIEW intrinsics can tell us everything we 

need to know about any forms file:-

VGETFILEINFO 

VG ETF01U1INFO 

Returns FILE information - e.r;. the FORMf, 

it contains. 

Returns FORM information - e.g. the FIELDS 

it contains, 

VGETFIELDINFO - Returns FIEl·D information - i.e. the 

attributes of one or more fields. 

We could write a program similar to pror,ram 4, which would 

use each of the three intrinsics in turn and set up a COBOL copy 

library member or record definition for each form. The method is 

slirhtly more comnlex, but information on each of the intrinsics 

is fully set out in the appropriate manual (6), 

It is more than feasible to write a r·eneral purpose data-entry 

prop:ram that will quickly ~et up a dataset from a screen if certain 

naming conventions are followed. Bear in mind that the hyphen (-) 

character used in I~Ar.E corresponds to the underline (_) character 

used in VJF..4 and that fields in a VIEW form can be moved to thei.r 

equivalents in an IMAGE database usinr; the COBOi. HOVE CORPESPONDUIG 

statement. 

If we are us inl! p:raphics, we can in te.rra te DSG definitions 

with those of VIEW and IMAGE, Possibilities abound. 
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Conclusion 

We have pursued several ideas through looking at the normal 

development process, but being a little more aware of what the 

software offers. All of the programs described are functionally 

simple, and can be quickly and easily written to suit each 

installation. Closer examination of the manuals and or technical 

papers will reveal further possibilities. 

Only standard Hewlett Packard software has been considered. 

These products have been around for years and are reliable. Before 

buyin~ any system development aids, we should look very closely at 

what can be achieved using IMAGE and VIEW. Furthermore, by adding 

to our knowledge of these products, we should be able to produce 

better systems. 

By what might be termed good housekeeping, we can avoid 

some of the mysterious losses or performance and failures that 

occur from time to time. 

I hope that I have generated a few useful ideas. 

hope that I have saved you some money. 

14-15 

I also 



1) VOI..OKH, Eur,ene: 

VeSoft Consultants 

References 

Pri.vilerred Mode: Use and Abuse 

Inter11ct Map,-azine September - October 

1982. 

2) Hewlett Packard Company: IMAGE Data Base Management System 

3) 

4) 

5) 

Reference Manual. 

MATHESON 1 Wendy: IMAOE/3000: Designing for Performance 

Hewlett Packard Company and tlaintainability IUG Montreal 

April 198:~. 

GR£EN, Robert M: 

Po he 11 e ~onsul tin11: I.td. 

GREER, David J: 

Robelle Consulting Ltd. 

Optimizing On-line prop;rar.1s. 

Technical Report 2nd edition. 

IMAGE/COBOL: Practical Guidellneo 

IUG San Antonio Feb-March 1982, 

6) Hewlett Packard Company: Data Entry and Forms 

Management System 

VPLUS/3000 Reference ~lanual. 

14-16 



A paper to be presented at: 

~PJOOO International Users Group, 
International Conference, 
Scotland. 

2nd - 7th October, 198} 

DIRECT SCREEN AIX)RESSING 

USING IDBOL II 

15-1 

By: J. Birktead, 
l.C.P. Grcup Services Limited, 
The Pensnett Estate, 
Kingsw inford, 
West Midlands. 
ENGLAND. 



C 0 N T E N T S. 

1 INTRODUCTION 

2 LCP - Wtt\T IS IT? 

J DATA PROCESSING IN LCP 

4 aJRSOR A~SSit.E 

5 DISADVANTAGES 

6 ADVANTAGES 

7 UPWARD COMPABILITY 

8 PROGRAM SIZES 

9 su-tMARY/CONll..USION 

10 BIBLIOGRAPHY 

15·2 



INTRODUCTION 

This paper will highlight some of the reasons for and advantages/ 

disadvantages of using direct screen addressing with CIJElJL II at LCP. 

It should not be seen as an "anti-V/JOOO" paper, since V/3000 is an 

admirable product in the right environment, h<Mever, LCP felt that 

our installation was not such an environment for the reasons outlined 

later. 

Descriptions of the method we use in formatting the screen will 

be given, although this example is by no means the only system that 

can be used. 

LCP - WHAT IS IT? 

LCP is a large group of diverse companies mainly baaed in the 

UK, but also in mainland Europe and U.S.A. The major activities of 

the group are outlined below:-

I 
PROPERTY ll::VELOPMENT 
& CONSTRUCT ION 
Trading Estate 
Management, Offices 

L.C.P. l{)LOINGS Plc 

I 
VEHICLE DISTRIBUTION 
Main Dealers for 
rooo, GENERAL 1-0TORS, 
BRITISH LEYLAND, 
ROLLS ROYCE 

I 
OISTRIBUTI~ 
Building 
Supplies 
Solid ruel 

Automotive 
parts 
retailing 

Host of the above companies data processing requirements are serviced 

by an in-house bureau based on a HPJOOO, with modems and multiplexors to 

regional depots remote from the central site. 

last year the group 1-ed a turnover of I.277 million. 

Continued ••• 
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DATA PROCESSING IN LCP 

fi~e years ago D.P. was based Ol1 accounting machines. Tte 

information available from these machines was often late, inaccurate and 

inflexible. LCP leased an IBM System/J2 and acquired a set of 

basic RPG ledger applications. Data was transferred over a period 

of 3 months from the accounting machines, these were eventually 

scrapped. 

The IBM System/32 was recognised as a stop-gap measure to build 

up the non-existent confidence in the Data Processing Department and 

computers in general. All data was ke)led onto floppies and processed 

in batch through the 32. Eventually there existed 100 megabytes of 

backup storage on floppy - the system ted l disk drive of 13. 7 HO. 

It waa the eventual aim of the department to abaldon central 

data-entry and to remove it to the point of trl¥lsaction source in the user 

companies. In order for this to succeed, new applications were to be 

written that were as simple to use as possible. 

The applications were also to be 'crash resistant•, therefore 

it was decided to operate in foreground data entry/enquiry and background 

batch ledger updates. This method of working protects the major 

application files during a system crash. This has the effect of 

increasing user confidence. 

Although in-house program development ia not charged for, cost 

of the hardware to be used, i.e. VDUs end modems, was to be bourne by 

user companies. In order to red.Jee resistance to new applications, 

we recommended the use of the then newly available 2621As, instead 

of the more expensive 264X series. This of course meant the US' 

character mode. 
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Cootinued ••• 

It should be remembered that at this time (1978-79) VJOOO was 

rel&tively new, and If> S.E.s were rare in the UK. 

The system/32 was replaced 18 months later by a IPJOOO Series JJ. 

A software house wrote a suite of on-line entry programs to interface 

the RPG background batch applications to the only method of data entry, 

the VDU. These programs did not use V/3000, but used their o\oll screen 

handler in character mode. 

With little experience of CllBOL, two major applications were without 

a method of data entry. Ttese were Payroll and Nominal ledger, Prograns 

were written using COOOL and V/JOOO. 

Our own staff found V/3000 screens quite easy to use, tnwever, 

when this method of entry was introduced to user staff, some resistance 

was encountered when they had used the character mode entry prograns. 

Subsequently we have re-written the nominal ledger entry program. 

After investigating direct cursor addressing 111d writing 111 

application using it we decided that the method I will go on to 

describe is as good a method as any. 

Contimed ••• 
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Continued ••• 

CURSOR A!:lORESSING 

forms are placed on the screen using displays, with cursor 

addresses, followed by field descriptions. The use of WRITE to 

display operator prompts at the base of the screen end READ to 

accept user responses on the same line:-

ENTER CUSTOMER ACCOl.JH Ml._ 

The effect '~"can also be achieved using ACCEPT and DISPLAY, 

however this is more difficult. 

In the examples shown below the.message field PROMPT-CIJT is 

forty characters long. Longer fields can be created, but this then 

reduces the·Jength of operator reply. Usually we use two PRfl-tPT-OUT 

fields one of forty characters and one of 80 characters. 

Essentially the screen is split into two sectors:-

Linea 0 - 19 form Layout 

Line 20 Blank 

Line 21 - 22 Available for operator interaction 

It should be noted that the 24 lines of the display are 

numbered 0 - 23 and the 80 columns are numbered 0 - 79. 

Continued ••• 
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Continued ••• 

A few of the more collllllon escape sequences are described below:-

(7 = Escape) 

?H 

?J 

711 

?&ell 

?&dB 

?&a5r6C 

Hane cursor to top of memory 

Clear screen from current cursor position 

Pause for one second 

Underline 

Inverse Video 

Position cursor at absolute address row 

5 (5r) Sld colunn 8 (BC) 

When a cursor addressing program is run, the screen sh:>uld be 

cleared (i.e. ?H?J). The blank fonn is then painted ai the screen 

using display, as follows:-

CDC£ 

DISPLAY ''?H?J". 

DISPLAY ''?&aJrlC" "ACCDUNT NJ.". 

DISPLAY ''?&aJrJOC" "ct.6TOl-£R NAME". 
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Continued ••• 

Thia will clear the screen, and write the words AtalJNT NO. starting 

et row J coll*! 1 and CUSTot£R NAf£ starting at row J coli.n JO. The 

r•aining rol'll ia built up in thia way using lines 0 - 19 of tha acfeen. 

Below shows the basic atal•enta that need to be entend. 

Asaign $STDINX is used to prevent E.O.D. when entering a mLON (a)~ 

INPUT-OUTPUT SECTION • 
. SEU:CT L-lNP ASSIGN "$STDINX". 
SELECT L-OUT ASSIGN "$STU..IST". 

. 
DATA DIVISION. 
FILE SECTl0t4~ 

FD L-INP 
LABEL Rt:alRDS MISSING. 

Dl REC.;.lN· 

FD L-QUT 
LABEL ltEDlRDS MISSING. 

01 PROMPT-OUT 

. 
PROCEDURE DIVISION. 
A-OPEN SEt;TION. 

. OPEN INPUT L-INP. 
OPEN OUTPUTL-OOT. 

PIC X (10). 

PIC X (llO). 

At this point the blan~ fo111 ia diaplayed l!8 described above, ormpt 

the operator and receive data as follows overleafs-
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Continued ••• 

ASK-AGAIN. 
DISPLAY "?&a20rOC 7J 7&a20r0C". 
HOVE ''ENTER CUSTMR ACrolJNT NO." 

TO PROMPT-OUT. 
WRITE PROMPT-OUT AfTER 0. 
HOVE SPACES TO L-INP. 
READ L-INP INTO ACCO~T-NO 

AT END STOP-RUN. 

This code will place the operators response (i.e. an account nl.lllber) 

in the field ACCOUNT NO. This can then be used for validation. 

If an error occurs, such as the account nunber does not exist, 

then follow the code below:-

Ir CDNDITION-CODE = 17 (JHAGE OOGET HOOE 7) 

HOVE "ENTERED ACCOUNT NO. DOES NOT EXIST" TO PRCMPT-OUT 

DISPLAY "7&a20ri1C ?J ?&a20rOC" 

WRITE PROMPT-OUT ArTER 0 

DISPLAY '7&a22r0C ?®?Gil" 

GO TO ASK-AGAIN. 

After the display of the error message the program will pause for 

2 seconds and then the prompt for the account nunber is displayed again. 

When the account number has been verified, it and the customer name 

can be displayed as below:-

DISPLAY '7&a3rl5C" ACCOUNT-NO. 

OISPLAY '7&aJr44C" CUSTOMER-NAME. 

Cmtinued ••• 
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Continued ••• 

The entry of nuneric values such as a unit price can be received from 

the screen using READ (into a PIC (X) field) then using a floating point 

sub-program be transferred to a PIC 9's field. Hcwever the IDEDL II statement 

ACCEPT fieldname FREE can also be used. ACCEPT FREE allows the entry of 

nlJlleric data, and automatically checks that the field is of the correct 

length, the correct nunber of decimal places and contains only nunbers 

(or a decimal point or minus sign). 

A field defined as:-

05 VALUE PIC 9(8) VALUE ZEROS. 

Would take the operator input of 53 and place it in the field 

"VALi.£" as 00000053. The inclusion of a decimal place or minus sign 

would institute an error. To allow the input of negatives the field should 

be defined as a signed numeric (i.e. 59(8)). To allow the input of decimal 

pl~es define the field as S9(8)V99. An exanple of the input of a nlllll!ric 

field is shown below:-

field defined as:-

Continued ••• 
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Continued ••• 

05 VALUE PIC S9(8)V99 VALUE ZEROS. 
PIC Z(7)9.99-. 05 DIS-VALUE 

CODE 

GET-UNIT-PRICE. 
MOVE "ENTER HIE ~IT PRICE Of THIS PROOOCT" TO PRIJ1PT-OUT. 
DISPLAY ''?&a20rOC ?J 7&a20r0C". 
WRITE PRIJ1PT-ll.JT AfTER O. 
ACCEPT VALUE FREE 

ON INPUT ERROR 
DISPLAY ''?&a20rOC ?J 7&a20rOC" 
HOVE "INVALID ENTRY" TO PRCl-tPT-OUT 
WRITE PROMPT-OUT AfTER 0 
DISPLAY '7&a22rOC7®71i" 
GO TO GET-UNIT-PRICE. 

MOVE VALUE TO DIS-VALUE. 
DISPLAY '°?&a5r0C" DIS-VALUE. 

(See COBOL II Reference Manual Section 11 pages 1 to 7) 

When entering long text fields such as names and addresses, 

the displaying of a series of underscores can be used to indicate 

the remaining size of the field since these will disappear as 

the operator keys. 

The program then continues to prompt for fields, validate, and 

display them as above. 

The use of displays md writes can be reciJced by using a message 

section. By moving a message number into a field and performing the 

message section, the use of cursor positioning can be kept in one 

place. By setting up program skeletons or copy libraries m!Tiy of 

the standard prompts can be held in previously defined message sections 

or libraries. 

Continued ••• 
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Continued ••• 

By nll!lbering fields during painting of the screen, at the end of 

entry the operator can be prompted to enter a field nunber should 111 

amendment be required. th.is, the need for back tab to correct incorrect 

fields is removed. 

DISAPVANTAGES 

There are obviously some dieadvantages ~n using this mettod of 

elate entry. Below are listed some of the major points. 

a) When employing a ff'· experienced programmer we have to teach 

the progrBlllller new techniques. This may encounter some 

resistance, however, in our experience the switch from V/JOOO 

to direct cursor addressing can be achieved easily. 

b) The absence of screen format files may mean sane duplication 

of effort in creating the screeri format again in another 

program. this may be overcome by using copy libraries. 

c) Special code needs to be written to allow the refreshing 

of the screen after the break key is pressed or a power failure. 

d) Any changes to the screen layout require a recompilation of 

the progran. 

Cmtinued ••• 
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Continued ••• 

ADVANTAGES 

Below are listed the adv.-.tages aa we ase th.-. 

a) A none tP Pl'OCJfanner will learn escape sequences aa easily 

as .-. interface to a screen driver. Ccrtaequently there is 

only the interface to I~ and KSAH to learn. 

b) There is no software interface to t'ave proble11s with. New 

veraiona of software should not effect eacape sequences. 

c) There is no significant difference in elapsed time when coding 

a cursor addressing progr&111 over using a screen handler. 

d) Control of the screen is eaaier, the uae of niemory lock, 

di13play enhancBMnta, .-.d screen rolling allow the creation 

of COlllf>lex screens relatively easily. 

e) We have found that inexperienced user staff are easier to 

train using this 111ethod. Pro111pta t'ava the effect of leading 

the operator through the acrean. 

f) If a field is in error, auch as an invalid date, the 

operator ia informed wlen return is pressed, not at 

the end of a screen. 

Continued ••• 
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Continued ••• 

g) There is never a large amount of data to transmit, therefore, 

the operator sees the system response more evenly since by 

the time the transaction is accepted all the data is in 

the machine and ia error free. 

h) rield prompts and error messr;ges can be more descriptive, 

up to two or even three lines. This reduces the anount of 

field description narrative on the screen. 

i) In a multi-user, multi-company envirorvnent there is no 

tendancy to proliferate screen format files which take 

disk space. Screen formats are merged with code, reducing 

directory entries. 

j) We have found that the CPU is more evenly loaded since 

it is transmitting/receiving small anounts of information 

continually. 

k) The use of character mode allCMs the use of system 

intrinsics to turn the echo off during password entry 

or timed reads which return to the program if no data 

is entered within a specified time limit, used to 

protect sensitive information. 

Continued ••• 
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Continued ••• 

UPWARD COMPATABILITY 

One or the JOOO range of computers main selling points is that all 

software will remain upwardly compatible. Thia system or screen 

formatting is as upward compatible as any other since there are around 

200,000 Hr VDUs installed today. Tte moving of the cursor around ".he 

screen is controlled by hardware, not software so it "slnuld" always 

work. V/3000 and any other screen handler must eventually prod~e the 

escape sequences that are created by the progr11111Der. All .this metlnd 

does is to remove a software screen handler from between the CCfEllL 

program and the VDU. The new modular terminal fanily, lnwever, tes 

not yet been proven to work. 

PROGRAM SIZES 

In order to reduce the size of the non-reentrant data segments, 

all messages should be created and moved in the code segment, not in the 

data division. Thie has the effect of enbedding the screen handler in 

the code, so that only CJ"Je copy is used in memory at aice. 

Sutf-IARY/CONCLUSION 

In conclusion, we chose this method of screen formatting 4 ~ars 

ago and have found no reason to change. Here are obviously more 

character mode screen handlers general!~ available today, ll:iwever, we 

find our own method quite acceptable. 

Direct screen addressing can be as sophisticated or as simple 

as you want. We have found that with some practise, what may seem a 

laborious method of screen 1.andling can be completed very quickly 

allowing P- orngrammer to code, not worry about software interfaces. 

15-15 
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Continued ••• 

If you are faced with the same problems we were then I hOuld 

defAnately recommend this as an alternative to V/3000. 
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Below are listed some references l'lhich may be of use in further 

reading. 
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SOME PRELIMINARY SUGGESTIONS roR TRAN~ACT PROGRAMMING SfANDARDS 

by Tony SeyMour and Lawrence McNaMara 

Air Call CoMputer SysteMm. 

INllHlDUCT ION. 

RAPID/3000 provides an integ~ated set of software tools which can 
draMat:ically i11provr~ proqraMMer i11'oductivi.ty in the developMent of rlf~W 
applications. One of these tools is the high-level proqraMMinq 
lanquaqe TRANSACT. 

TRANSACT has bf.!fln in use aMong IW users in F.uropf! onl•1 for the 
last ye,;ir or two. This has been a tiMe for proqr<,1MMers to f.•xperitHmt 
with TRANSACT, while often finding theMselves under considerable 
pressure to coMplete proqraMs to tight deadlines due to high 
ManageMent expectatjons of "rapid" prograMMinq. As a result, there 
has been Little or no tiMe to consider questions of proqraMMing 
standards in TRANSACT, 

It seeM• desirable to propose soMe initial standards for lRANBACT 
codinq, on siMilar principles to standards already widely adopted for 
COBOL and other established prograMMing languages. In this paper we 
will concentrate on the structure and layout of proqraMs which handle 
VPUJS forMs. 

An exaMple prograM, illustrating Many points of this paper, is 
appended. The proqraM is deliberately siMple. It usea VPLUS forMs 
to input, update, and delete naMes on the SIG RAPID Mailing database. 

STHUC'fUl~E. 

The overall design of the SIG prograM uses soMe of the facilities 
provided by TRANSACT for structured proqraMMinq. The prograM 
coMprises a nuMber of hierarchically organized Modules. At the top 
of the hierarchy is a control Module CAA-CONTROL>, which contains the 
only EXIl froM the prograM. The control Module says: keep repeating 
the Menu until the user presses ff.I <to exit>, and it do~~• th:i.s by 
Mt:ians of the construct l~EPFAT PERFORM , , , UNTIL 

All other Modules are perforMed routines, and each has a sinqle 
entry point and a single exit <RETURN>. The 11enu Module CAB-MENU> 
calls one of 3 routines, BA-ADD, CA-CHANGE, or DA-DELETE, depending on 
the function key selected, The Menu initiates an iteration of 
whiche11e1· routine is chosen, by Means of the con~;troct l·JHILE . , , 
PERFORM . , . Tht? itf~ration is terMinated when the user pn,•r,;~;;es f'/ 
(to return to the Menu) or ff.I to exit the prograM. 

There is one other perforMed subroutine, AZ-FUNC-ERROR, which 
handles the invalid use of a function kay anywhere in tho proqraM. 
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The use of unnecessary "GO TO" stateMents is avoided. 
The GD TO instruction is used Mainly to loop back to the beginning 
of a paragraph or to proceed to the exit label of a Module and thereby 
RETURN, 

The deMonstration prograM does not illustrate all the facilities 
provided by TRANSACT for wtructured proqraMMing. In retrieving 
inforMation froM IMAGE databases we prefer to use the f IND verb with 
the PE:RFOHM=... option, and withollt the STATUS option, PerforMf.!d 
Modules called in this way should be handled in the saMe way as other 
Modules. 

l...AYIJIJl. 

The deMonstration prograM illustrates Many ways in which TRANSACl 
code can be easy to read, understand, and Maintain. For exaMple: 

Each Module, and the handling of a new forM within a Module, 
beqins on a new page in the listing, 

Each paragraph label occupies a li~e which is separated froM 
adjacent code by lines of spaces. 

Space lines are used liberally elsewhere in the proqraM to Make 
it easier to read. 

There is a standard pattern of indentation. A new stateMent 
begins in coluMn 3, while each option within the stateMent 
occupies a separate line, beginning in coluMn 5. With 
conditional stateMents <IF ••• THEN ... ELSE ... > and the 
DD., .DOEND construct there is further indentation. 

With the LIST verb, each iteM listed occupies a separate line, 
beginning in colUMn 9. 

CoMMents are inserted where appropriate, althQugh it is hoped 
that the proqraM is self-docuMentinq to a great extent. 

The naMe of a paragraph label is used both to describe the 
function of the routine and to aid in locating it 
within the prograM: e.g. DA-ADD. 

Vl'l..US. 

The deMonstration prograM illustrates a Method for handling VPLLIB 
froM TRANSACT. These are the Main feature&. 

Variables are defined in the dictionary for 
<a> the naMe of the f:i.eld to be enhanu~d <VFNH> 
<b> the window Message string CVMlSS> 
<cl an inteQer to hold the nuMber of the last 

function key used CVfKEY>. 

TIH!!oe :~ i. teM'o art~ 1 :lste11 at the beq inni.nq of the pr onraM, and 
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reMain at the bottOM of the li•t register. <At the start of each 
Moduli:;, the l:i.~;t reqister 1.s cl.eared down, and VFl<LY becoMe!:. tlH:; 
current data iteM. > 

The function keys f7(return to Menu> and FB<exit) are handled in 
such a way as to allow the user to return to the Manu or to EXIT 
froM anywhere in the progr~M, while froM the prograMMer's point of 
view this is handled in a structured Manner. In every 
GIT<FORM>, PUlCFORM>, AN~ UPDAlT<FORM> stateMent the option 
Fl<lY•VFKEY is included, and fO= and f7= options ~e used to 
branch to the Module-exit <RETURN>. Control then passes back via 
the Menu to the highest level of the proqraM CAA-CONTROL> which 
checks the value of VFl<EY. 

When handlinq a forM, all the valid functi.on keys <includinq fO 
for ENTER> are specified as options. The invalid usa of a 
function key can then be trapped without the use of an lf 
stateMent, slMply by insertinq a call to the subroutine 
AZ .. FUNC--E.r~ ROR . 

The content• of the Message window are controlled by including the 
option WIN»OW=<<VMEBH>>, in all stateMents which handle a forM, 
and ensurina that the iteM VHEBS is updated before such stateMents 
"h•mever necessary, e.q. ·by MOVE <VMESf.i> =" "; 

The typical handling of a forM involves a MaxiMUM of 3 versions of 
GET<FORM>. 

<J> GET<FORM> with 1he INIT option, to proMpt for new input 
with the fields on the forM initialized. 

«>.> GEHFOHM> with the CURRENT option, to re .. ·proMpt after the 
invalid use of a function key, 

<3> GET<FORM> with the CURRENT option, and with a field enhanced 
by WINJ>IJ~l"'-<CVENfl>, <VMEBB» 1 after an error is tr<~pped by 
prograM validation. 

The validation routine follows these 3 versions of the GET<FOkM> 
st~teMent, and is pointed to by the fO= option. If an error is 
encountered during 11.1li.dation, the i teMs VENH (naMe of the field 
to be enhanced) and UMEBB (Messaqe for the window) are set up and 
a GO TO stateMent causes the prograM to branch back to version <3> 
of' the GEHFORM). 

The structuring of the prograM ensures that each Module has a 
sinqle RETURN in its exit paragraph. Just before this RETURN, 
any frozen forM is cleared and old Messages are reMoved froM the 
field holdina the window Message. 

Thjs Method for hand}jnq VPLUS froM TRANSACT May not be the MO&t 
efficient·, nor the Most c0Mr1act i.n terMs of l:ine1;; of co<:f!~. But in 
practice we have found that this style Makes it possible to develop 
bug-free prograMs extreMelv quicklv. Because of the standard Manner 
of handling a forM,it becoMes possible to virtually generate Much of 
a proqraM with the text editor once the initial routines have been 
coded. A prograM written wjth this Method is also very easy to read, 
which Makes subsequent Maintenance siMpler - especially if soMeone 
other than the original author is asked to perforM the aMendMents. 
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EFFICIENCY. 

Coding standards for TRANSACT should also pay attention to the 
run-tiMe efficiency of proqraMs. Here the guidelines are alrearly 
available in Appendix E of the second edition of the TRANSACT Manual 
<published in DeceMber 1982>. 

With large progra"s, seqMentation should be considered. 
The organilation of the deMonstration proqraM has this 
consideration in Mind: the BA-ADD, CA-CHANGE, and DA-DlLETE 
routines could later becoMe seqMents 1, 2, and 3, leaving 
AA·-CONTROL and AZ-FUNC-t:RROR in SEHJMent O. lhe struc::turiricJ of 
of a proqraM int~ Modules Makes eventual seuMentation a si"ple 
Matter. The sizes of segMents May be .1ssessed by c11M~1ili.11g 

with the STAT option. 

In the VPL.s~ option of the SYSTEM stateMent, declare only those 
forMs within the forMs file which are required in the prograM. 
When the systeM is coMplete use FORHSPEC to coMpile to a fast 
fOf'MS file, 

The size of the list register should be kept to a MiniMUM. 
Again, the structuring of the prograM helps• because thf.~ 
SET<STACK> LIST<iteM-naMe) stateMent is used to clear down the 
list register at the beqinninq or each Module. 

In the deMonstration prograM the default TRANSACT data and 
and workspace reqisters are larqer than required. Using test 
Modes 3 and 102 the actual requireMents were assessed, and the 
sizes of the registers tuned down by Means of the DATA• and 
WORK= options of the SYSTEM stateMent. 

Wh~re appropriate, teMporary storaqe iteMs defined in the prograM 
should use the OPT option, and in this case the prograM Must be 
co~piled with the OPTt option. 

A Messages file or dataset May be used instead of prograM literals 
to hold strings for the Message window. <This was not done in 
the deMonst~ation prograM.) 

CCINCLIJS ION , 

We hope that these preliMinary suggestions for prograMMing 
standards in TRANBACl will initiate soMe thouqht and discussion. 
If soM~ agreeMent could be reached on coding standards, we believe 
that thfs would further iMprove productivity in coding, debugging, and 
Maintenance work in TRANSACT, and also MaxiMize the run-tiMe 
efficie~cy of prograMs. 
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DICTIONARY/3000 DEFINITION OF DATABASE SIGRPB 

FIU 
SIGl~DB 

TYPE: RESPONSIBILITY: 
l!ASE 

FILE < AL I AS) : TYPF: 
A· .. NAMl:SET AIHO 

ELEMFNT<ALIAS>: 
NAME 

FJLE<Al..IAS): lYPE: 
A··-C:OMPANYBET AUTO 

ELEMENT<ALIAS): 
COMPANY 

F H. E (ALI Mi> : TYPE: 
D-ADDRFSS-DETL DETL 

ELEMENT< Al. I AB) : 
NAME 

Fll..E<PRIMARY>: 
A···NAMEBEl 

CAPACITY: 
t 001 

·ll 
PROPERTILB: 
x crn,o,:rn> 

FILE<PRIMARY>: 
A-COMPANY SET 

CAPACITY: 
10 01 

·lt 
PROPERTIES: 
x (30,0,;30) 

F ll. E < PIHMAl{Y > : 
D-·ADDRESB ·DEH .. 

PROPEIHIEB: 

CAPACITY: 
10 02 

* X CJ0,0,30) 

ELLMENT(PRIMARY>: 
NAME 

LLEMENT<PRIMARY>: 
COMPANY 

ELEMENT<~fIMARY>: 
NAME 

COMPANY 

ADD 
TEL NO 

CHAIN MASTER SET: 
* x (]0, ll. :50) 

CHAIN MASTER BET: 
~:;x <3o .• o,Jo> 
x (~!0,11,20) 

I A-··NAMF.flE:T 
COMPANY 

A···CUMPANYSFT 
ADD 
TEL NO 

DICTHINflRY/~rnoo OEFINITION UF ELEMENT ADD <ADDRESS). 

ELEMENT 
ADD 

LEVEL: ELEMENT: 
<t> ADI>t 
< 1 > Alm;.~ 

< 1 > ADD3 
< 1 > AllD4 
< t > ADD~'• 

TYPE: SIZE: DEC: LENGTH: COUNT: RESPONSIBIL.I rY: 
x 30 0 30 5 

POSITION: 
1 
31 
{:, 1 
t,> 1 
1;:i1 

PROPERTIES l 
x <311,o,:rn> 
X <:50,0 1 30> 
x (30,0,30) 
x (30,0,30) 
x cso,o,:rn> 
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DICTIQN~RY/3000 DEFINITION UF FORMS FILE VBIGR. 

Fl LE 
IJ!HGR 

'fYPE1 l!ESPOMSIBIL.ITY: 

Fll..E<ALf.AS>: 
v1:i 1Gt1ENU 

VSIGNAME 

VPl..S 

TYPE: 
FORH 

FORM 

El,EMENT<ALJAS> I 

NAME 

FIL. E <ALI AB ) 1 
V!:iIGDE:TL 

TYPE I 

FORM 

El.EMENT<ALIAS): 
COMPANY 
Al)l)t 
Al>l>2 
ADl>J 
ADD4 
ADI>~ 
TELNO 

F 1.1..E < PR I MAR Y > : 
VUIGMENl.I 

VBIGNAME 

f'ROPFRTllB: 
x crn,o,3o> 

F1LE<PR1HARY) I 

VSIGI>Ell .. 

PROPERT If' B 1 

x < 30 , o, :rn > 
x <30,0,30) 
x ( 30 • ti , 30 ) 
x (;311, 0 ,30) 
X C3ll,ll,30> 
x <311,0,30) 
x <;~0,11.::.~o> 

ELFMFNT<PRIMARY>: 
NAME 

ELEHfNT<PRlMARY): 
COMPANY 
ADDt 
Al>O;~ 
ADI>J 
ADI>4 
ADl>~'i 
lEl..NO 

LIB'f'INI> OF HIE:: !HG DEHONBTrUtl'HIN PROGRAM. 

TRANSACT/3000 COMPILER <A.Oll.03>1 FRI, JUL 29, 19B3, 1?:16 PM COMPILED l..191 

CDHF'ILlNG Wl'Hl DPTCONB: L.IBT,COI>E,l>IC:T,l>EFN,.EFrns,oPT:t 

t . 0 0 0 
;~.II OD 
3. 1100 
4. 000 
~5.ilOO 
6. 000 
7. 000 
El.000 
''l. 000 

10. ooil 
11.0110 
ti~. 0011 
·1:~.0011 

14. 000 
1~.\.000 

DeMonstration prograM. 
Illustrates typic~l handling of VPLUS forMa 

wi tti TRANSACT. 

SysteM inputs, updates, and deletes naMes 
and addresses un the SIGRDB database 
<Hf' BIG RAPID Mailing ltst>. 

Written by Triny BeyMour 
at Air Call CoMputer BvstaMs 

July 1 ?El;L 

·····································*•••••••••>> 
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t 

16.000 
1'.1.1100 
HI. 000 0000 
1 <;•. 000 1111110 
;:•o. ooo 01100 
;~1. 000 11000 
;:·~~.000 01100 
~~::~.000 11000 
<.!4' 1100 00011 
~:!~i. 0 0 (I 111100 
·~6.000 011110 
';;.!'/, 000 0000 
(!1:1. 0110 0000 
<!</. 000 00011 
30.0011 11000 
:H. 11110 011110 
32. 00 0 111100 
:i:3.000 111100 
34.1100 011111 
:3~.).000 ti003 
:51 •• 000 11004 
:·57. 0011 0004 
]B.1100 000~5 
39.1100 0009 
4il ,000 0009 
41.000 01110 
4(!. 11110 0010 

SYBlFM BlG, 
BAUE~BIGRDB<"WRITER",1), 
VPLS•VBIGR<VSIGMENU, 

V!HGNAME, 
VSIGDEll..), 

DATA ... ;:~~:ib, lb, 
WUR K ... ~~~:ib I :3;~ l 

I>!:: FINl <ITEM) 

SAVE .... COMPANY 

AA .... CONTROL I 

llSl VENM1 
Vl1ESS, IN IT 1 

VFKEYJ 

REPEAT PERFORM AB-MENU 
l.INT:CL <VFKEY> .. BJ 

... ~;;EXIT; 

<<***********************************************>> 
!PAGE 

TRANSACT/]000 COMPILE~ <A.00.03)1 FRI, JUL 29, 1983 1 12:17 PM ~UMPlLED LlSTJ 

4;5. 1101i 
44.IJOO 
4f.i. 0110 
4f.1. 000 
47. uoo 
48.1100 
49.000 
50.000 
tit . 01111 
5<!. 0011 
5:L 0110 
~;;4. 0011 
f:i~:; .1100 
56.11011 
~.'i7.000 

~il3, OU 0 
~j9. 0 U II 
1.11. 000 
61. 0110 
t,;:•, 000 
1.i:s. ooo 
64.111111 
bfj. 0011 
66.0110 
~.7.000 
i>IL 000 
69.000 
711.0110 
71. 11011 

11010 
111110 
01110 
11011 
II O 1 t 
0011 
01111 
0 pi 1 
II 1111 
01111 
0011 
00 '11 
0011 
0011 
11025 
0025 
0112'7 
01129 
011~~·1 
002•1 
00i:!9 
Oli29 
111136 
0038 
01138 
oo:u1 
01138 
11u:rn 
0114:5 

AEt ·MENU I 

SET<BTACK> LIST<VFkEY>J 

All···O 1 : 

Pl.IT<~URM) VSI~MtNU• 
WA:CJ'r.:: 1 

WINHl.lW=<<VMESS>>, 
t-°KEY=VFKEY, 
Ftl=All-f~X IT, 
f'. t ==AE•-t 0 , 
F2:~AB--20 I 

F:·~=AB-:5111 

PERFORM AZ-FUNC-ERRUR; 
GO 'J'O AB-tit I 

A(l .. ·· 1 0 I 

WllH .. E <VFKEY> < 7 
PER FOR H DA·-Al>I>; 

GO HI Al~-EXH I 

AIJ-.. 20 I 

~lllILE <VFKEY> < 7 
PER FCIRl1 CA-CHANGE J 

GO HI AF.I-EXIT I 
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1 

7::?.1)00 004'7 
7:3. 000 0047 
74. ll!lll 11047 
75. 001) 0047 
76.000 11047 
77.000 0054 
78. 0011 01156 
~·9.000 0056 
Bii. 0110 0056 
01.000 01156 
El~?.000 OOSf.i 
E1:3. 0110 111157 
04.1100 111157 
BS.0110 01157 
Db. 11011 0057 
B'l,000 01157 
an.ooo 01159 
89.000 111159 
·~11.11110 0059 
•n .ooo 0059 
92. 000 0064 
93.000 0064 
•;>4. 1100 0065 
'i'S, 1100 00b5 

AEt·-·:~o: 

WHILE <VFKEY> C 1 
l'C::Rf'DRM l>A· .. l>El..E:'l'E; 

GO 1'0 AB-EXIT l 

Ail .. ·EXH I 

RETURN; 
<<•*********•·································•••>> 
AZ .. ·FUNC .... ERROR: 

MOVE <VMESB> = • Invalid use of Funrtion key•; 

tlPDAlT<FQRtl> *, 
l..I~H"'() I 

WINDOW=<<VMESB>>; 

RE:n1rm; 
<<••··········································•••>> 
! PAl:~E 

l'RANSACT/3000 COMPILER CA.011.0:'5>: FRI, Jlll.. <!9, 1983, 12:1'7 PM CUMl'lLEI> LIBIJ 

96 .1100 0116~i 
•n.ooo 11065 
'.ilB. 0110 OOf.,5 
99.000 111)65 

1011.000 111165 
1111.0011 006~.) 
10:~.000 0065 
103.0011 oot.~;; 

104.000 006!':i 
105.0110 0065 
1116.000 0065 
107.UOO 006(> 
10El.OOO 0061~ 
109.000 0069 
1111.000 11069 
111.(100 0069 
1 t::~. 000 0069 
ti3.ilOO 001,9 
114.1100 0069 
115,000 0069 
116.000 0069 
11'7,0011 0069 
1H1.llOO 11069 
11';1 .11110 0069 
1;~0.0110 0084 
t 2'1 '1100 llOIM 
1 <!<?. 0 () 0 OOBb 
t<~;Lolio 0086 
124. 000 0006 
1::~~LOllO 111106 
1 ;;.~6. 0011 0006 
t;'.~7.0llU 0086 

DA··AI>D1 

BA· .. 1 0; 

<<••********************************************* 
Ha"dlinq of the forM VSlGNAME 

***********************************************)) . . 

SE'f(fflAC!< > LlSHVFKEY> I 
ttov1:: cvMrss> .,. " • 1 
LISl NAME l 

BA-.. 20: 

GE'l'CfURH> VSIGNAME, 
IN :n, 
LI!H=<NAME>, 
WINDOW71 C < VMES!!l > >, 
FKFY=Vf"KEY, 
FS=F.1A-.. EXH, 
F7=:BA-·•EXIl', 
fll•••ECA· .. ·50 J 

PERfDRH AZ-FUNC-fRRUR; 

F.iA .... 3111 

GEl'<FORtl> VBJ.GNAMF, 
C Ulm t.::trt' , . 
l..lffl=<NAME>, 
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1 

t 

1 ;~u. o o o 0 BEit, WIHl>OW=< ( VHES~>)) I 

1~"1.000 OOBb F Kf.Y=VFKEY, 
130.0110 00& FB=:BA- EX Il, 
131.000 OOSb F"'l=llA-·FXll, 
132. 000 D8B6 FU "'1•A-·50; 
LB.UDO 011 l 
134.000 11111 PERI IJRH AZ-+UNC·-ERRUR; 
1 ~l~j. DOU 0103 GU l () [;A--30; 
136.000 11105 
t:37.00(l 0105 DA··-40: 
13B.UOO UtlS 
13S'.000 11115 GEl<FIJRM> vs 11;NAHE. I 

140.000 0105 CUIHU:. NT, 
141.000 0115 L IST=<NAHI:) I 

14~.•.0110 011~) WfHIHll4:=((V[NH> > <VHESG)) I 

14J.OOO 0115 rKI Y=VFKEY, 
144. 0°00 0115 FB":(lA·-EXl T, 
14'.i. 000 011'5 F '/=fCA-FXIT, 
146.0011 0105 FO=BA···50; 
147.000 012{1 
141:.000 01::.·o f'ER• lll<M AZ- FUNC>-ERROR; 
14'?.000 0122 GD TO llA--4 0; 

HIANSACT/3000 COltPILER (A.OU.03>1 flH, JUL 29, 1983 1 12:17 PM COMPILED LISll 

l~i0.000 012'4 
l~it,000 01Z4 
1::;2.000 012\ 
153.0llfl 0124 
1:;;4. 000 0124 
15~·.000 0124 
t5t..ooo 0 12:':) 
157.000 0125 
15B.800 • t 25 
15'!.000 01~ 
lb0.000 0126 
161.000 0126 
16?.000 01.!1 
ltd. 000 ill:!·'.: 
lf.4.0llO 01 :-:,-
16'.:·.000 013'.i 

t 
1 

BA-50: 

« VaJidate that naMe does NOT already exist on file, )) 

SEl<KEY) LIST<NAHE>1 
FlND< CllAIN> D-ADDRESS·-DE:TL, 

SINGLE I 

LIST=<>; 
IF SlATUS = 1 l~FN 

DU 
HUVF ( VENH > = "NAHF" ; 
MOVE <VMEGS> = " NaMe is ·•lready on file"J 
GU TO llA·40; 

l)IJEND i 
IPAGl 

TRAHSACl/3008 t:OHPil .. ER <A.00,03>1 FRI, Jlll. 29, 1983, 12117 PH COttf'IlED LlSll 

166.llOO 0137 
lb7.000 0137 
160.000 0137 
lb'/,000 01!1 
170.000 0137 
t 71 . I) 00 Cit];' 

172.0011 11137 
173.000 1137 
174.000 8137 
175.000 8137 
176.800 01U 
177.000 0141 
170.000 0142 
179.000 1142 

BA-1111: 

Handling of the forM VSIGDETL 

HOVf <VHESS> = " "1 
UST C-OMPANY I 

ADD: 
TElNIJ: 

BA-120: 
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100.000 0142 
tat .ooo 0142 
tB;>..UOO 014~:.! 
Hl3.000 0142 
104.000 014::! 
tn~.'i.000 0142 
Hll'I. 000 0142 
Hl'l.000 0142 
HID. 000 014&! 
lf.19 .. ooo 0164 
1911.000 0164 
t 91 . 000 0166 
19~'.000 0166 
193.008 0166 
194.000 0166 
195.000 0166 
196.000 0166 
1•n.ooo 0166 
1911.000 0166 
t 9'7 .110 0 0166 
200.000 0166 
201.008 016b 
202. 000 0180 
203. 008 0188 
2114.000 0190 
205. 008 0192 
206,000 1192 
207. 000 0192 
200.00D 0192 
2U9.000 0192 
210. 000 0192 
211. 000 0196 
212.000 0196 
213.000 0196 
2H. 000 01'16 
215. 000 0196 
216.000 0190 
217 .. 000 0200 
2Hl.OOO 0201. 
21•1.000 0201 

1 ' 

GET U OIUO VSI Gill:' TL, 
ltHT. 
l. JST•<C:OttPANY ,Al>Dt ,ADDl'', ADD3, ADl>4, Al>l>~i, TH NCI>, 
WINOOV=<CVHESS> >, 
FKl:Y=VFKFY, 
FEl=lfA-EXI T, 
f7::ollA-EXIT, 
FO=BA-150; 

PERrORH AZ-FUNC:-fRROR: 

BA-130: 

GE'T<FORH> VSlGDf'Tl., 
CURRENT, 
l IST=<COHPANY ,ADDI ,ADD:.>.. ADD3 'Allll4. Al>l>5, lU Nll) I 

WINDOW=< (VHtSS> > , 
f"Kf.Y=VFKEY, 
F8=EIA-·EXIl, 
F7=11A-EXIT, 
Fl=ItA-150; 

PERFORM AZ-FUNC .. ERROR I 
GO TO BA-t 31; 

BA-158t 

PUT D-ADDRESS-DfTL, 
LIST=<NAttE : TELNO> ~ 

BA-EXIT1 

SET<FORH> *,CLEAR; 
HOVF. <VHESS) = • •i 
RETURNJ 

<< clear a frozen ferH >> 
« .clear Ml!51!1i:IQe window > > 

<<••••········································•••>> !PAGE 

H!AHSACT/3000 COMPILER <A.08.03)1 Fl!l, JUL 29, 1983, 12:17 PH C:CIHf'lLED LISH 

228. 000 8201 
221.000 8281 
222. 008 0201 
223. 008 0211 
224. 000 ll201 
225.800 0201 
22E1.080 02tt 
227.0011 0201 
2;>(1, 000 0201 
229.tlOO 02111 
230. 008 0211 
231. OH 0202 
232.0H 0214 
233. OCIO Oa!O'S 
234. 088 020b 
23'S. OtlO 0207 

CA-CHAtCE: 

<<*********************************************** 

***********************************************>> 

SET< STACK) lJST<VflCE'O; 
KOVE (VltESS> • *, •; 
LJSl HAM£1 

COtttANY1 
., ADD: 

TO..N01 
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1 

;~:H,. 000 020ll 
;.:~3?. fl 08 llc.1 09 
2:-SH.000 0209 
2~~·1' 000 0;~09 

;'!40. 000 0209 
241 .ooo 0209 
24?.000 0209 
24;',.0UO 0209 
244.000 0209 
245.000 0;~09 

246.UOO 0209 
247.UOO 02()9 
24H. ODO 0224 
;~4'1.000 11224 
2:'.10. ODO 0~:~26 

;~~ii '000 0226 

• 252. DOD 0226 
2!"13.000 0226 
~·54. 000 0226 
;~~'i~ .•. 000 0226 
~·~;f,,000 02;>6 
2:f7,QOO 0226 
2~.u. ooo 0226 
2~;9. 000 0226 
260.000 0226 
261.000 0241 
26<'. 000 0241 
26:1.000 0243 
264.000 0245 
26!'.i.001 0245 
266.000 0245 
26'/, 000 0245 
260.000 11245 
269.000 0245 
~·70' 0 00 0245 
2'71.000 024:'.'i 
2n.ooo 0i'~45 
27'3.000 0245 

SAVF CllHPANY1 

CA-211: 

Gl Hf OIH1 l VS I GNAHE 1 

INil, 
I IST=<NAHI), 
WIMOOW=< <VHESS l >, 
ll<FY=VFKEY, 
F8=CA-·EX l T, 
f?"'CA--EXIl, 
FO,,,,CA·-50 ; 

PERI Cll-!M AZ·-FUNC-l~RROR I 

CA- 30: 

GFl<l'ORM> VSIGNAl1E, 
Clll~«ENT , 
I JST=<NAl1f), 
WINl>OW= < < VHESS)) , 
Fl<LY=Vft<EY, 
F8=CA--EXI r, 
F7~CA-+XIT, 

FO""CA-50; 

PElffORl'I _AZ-FUHC-ERROR i 
GO lO CA-JI 1 

CA-·40: 

GEl(fORIO VSIGNAME, 
CURRENT 1 

LJST=<HA11f), 
WINI>OW=< ( VENtt> > ( VttESS)) I 

Ft<EY=VFl<EY, 
F8=CA-EXIl, 
f '7=CA-EXH, 

HH\N:iACl/3000 COMl'UEH <A.00.03>1 FR1, JUL 29, 19f.13, 12:17 PM COMPILED Llffll 

2'14.000 0245 
27~:1.000 0260 
276.000 0260 
';!.T/.000 11<!62 
271J. 080 0264 
27?.000 026'4 
2011.000 0264 
281.000 0264 
202.000 0264· 
203.000 0264 
284.000 0265 
2B5.000 0265 
206. llOO 0~~65 

287 .uoo 0269 
2UB. 000 0269 
289. 000 0269 
290.000 0274 
291.0118 0276 

1 
t 
1 
1 

FOo:CA-50; 

PERfORH AZ-·FUHC-ERIHlR; 
GD TO CA-41) 

CA-·:50 I 

« V.Jlidate that nafte DOES already exist on file, » 
Sfl<l<EY> tIST<HAtt£) I 
FIND< CHAIN> D-ADDRESS-tEl"l, 

SJNGLE 1 

LH3 f"'( COMPANY : lEUIO>; 
IF STATUS < 1 'fHLN 

{)() 

MOIJE < VJ~Nll) "' •NAME •: 
HOVE <VHESS> "" • ffat\e is not on file"; 
GO fO CA-48 J 
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::>.•1;~.0011 

2'?3. 000 
;;~·14. 000 
2'/~j. 000 

0278 
0278 
0270 
0280 

l>OENI>; 

110VF (SAVE: ·-COMPANY> = < t.:OMPAN'f> I 
!PAGE 

lRANSACl/3000 COHPILER <A.OO,OJ>1 fl!J, JUL 29, 1983-, 1?:17 PM t::llM••HFI> llSlJ 

'2'7h.OOO 0200 
29'/ '000 9280 
2911.000 0280 
zr1•,i, UOU owo 
3110.000 0280 
301. 000 0200 
3112. 000 0280 
303.000 0280 
304.000 0280 
305.000 02:82 
3116.000 02:82 
~~07. 000 0292 
301t' 000 0292 
309.000 0292 
310.000 0292 
311 .000 0292 
312.000 0292 
313.000 0292 
314.080 0292 
315.000 0292 
316.000 0292 
317.0110 0314 
310.000 0314 
319.0IO 8316 
320.000 OJ lb 
321.000 0316 
3i'.2' 000 0316 
3c3.ooo OJ lb 
3?4.000 0316 
3<~5.000 8316 
:~26. 000 0316 
327.UOO ll31b 
:s2n. ooo 0316 
3<.~9' 0 llU 0316 
330.000 0338 
331.008 033a 
332.808 8340 
333.000 0342 
334.000 0342 
335.0Dt 0342 
3:~t .. 000 0342 
3~57 .OU 0342 
3]8,000 0342 1 
339.000 8345 t 
]41). 000 0345 1 
341.8110 0345 1 
:S4?. 008 0351 1 
34:3.800 0353 1 
.H4. flOIJ 11355 1 
345' 008 0357 t 
346.000 935<,• 1 
347.opu 9359 1 

CA·" 110: 

Handling of the forM VElGDETl 

tmvr ( VHESS) "" • • l 
SET<FDRH> VS1Gl>£lL, 

LIST=CCOHf'ANY,ADDt,ADD?,ADD3,ADD4,ADD5,T£LNU>; 

CA-120: 

GET <rORM > VS I GDE TL., 
l.ISl'=<COHPANY ,ADDt .A1>1>;~,ADD3,Al~04 ,Al>05, TE:U!O>, 
~IJNDOW=< <VMlSS) >, 
Fl<EY=VFKF.Y, 
F8=CA-EXIT I 
F? .. CA-EXIT, 
FOcCA-150; 

PERFORM AZ-flJNC-FRROR; 

CA-130: 

GEHFORH> VSIGJ>ETL, 
CURRENT, 
l. Ifff=< COMPANY, ADD1 1 ADD~~ ,ADD3 ,ADD4, Al>D5, TH Nil) , 
WINl>CIW= < < VtlESS > >, 
f'KFY=VFKEY, 
FB=CA ·EXlT, 
F7"'CA .. -EXJl, 
FO=CA-·150 I 

PERrorot AZ-FUHC·-FRROR I 
GO 'f'O CA-1 JD; 

CA-1501 

IF (SAVE-COMPANY> c <COMPANY> TUf.N 
UPDATE D--Al>DRESS-l>EH, 

EL.SE 
LIST=<ADD 1 TELNO> 

DO 
SEl <UPl>Al'E > L I:lT OfAME >; 
S(HUPl>ATE> LISl<COHPANY>: 
SEHllf'DATE> LISlH\DD)J 
SET <UPDATE> l ISl Hfl.NO); 
REPLACE <CURflENT > D-ADDRESS-DETL, 

LI f.: 1 = <HAl1[ : TfUfO > : 
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l 

I 

:HD. 000 0363 1 
349.000 0364 t 

RESET< UJITlON > UPDATE; 
DOEND; 

TRAHSAf.l/JOOU C:DMl'ILER <A.00.03)1 FRI, JUL 29, 1983, 12:17 PH C:Ol1PJl£D Ufftl 

,,50. 0110 
3:'H. 000 
352 .800 
35~~. JIOO 
354.bOO 
355.000 
3~i6. 000 
35'/.000 
3:38.000 

0364 
0364 
1364 
0364 
0364 
0366 
0368 
0369 
0369 

CA·-EXIT I 

SET< FORH) * 1 CLEAR J 
HOVE <VHESS> = • •; 
RElURN; 

<< clear a frozen for~ >> 
(( clear Mssage windtw » 

<<••*********************************************>> 
!PAGE 

TRAHSACT/3000 COHPILER <A.00.03)1 FRI, JUL 29, 1983 1 12:17 PH COtlPllED LISTJ 

35'1.000 0369 
360.000 . 0369 
361.000 0369 
362.000 0369 
36:~. 000 0369 
364.000 0369 
36~). 000 0369 
366.0110 0:369 
367. ODO 0369 
360.0011 0:569 
369.0UO 0369 
370.1100 . 0.170 
371. 000 0372 
372.000 0373 
37:~. 000 0374 
:574. 000 o:J75 
375.000 0370 
376. 000 0376 
377.000 0376 
37El.OOO 0376 
;379, 01111 0376 
300.000 0376 
301. 000 0376 
Jo;:•. ooo 0376 
3El3.00U 0376 
304.000 0376 
3El~i. 0 II 0 03.76 
386.000 0391 
387.000 0391 
308.000 0393 
3fl9.000 0393 
390.1100 0393' 
391.000 0393 
39<!.000 0.393 
39:1.000 0393 
394.000 0393 
3'7'.':i.000 11393 
396.0110 0391 
39'7. 000 11393 
390.000 0;593 
39'1. 000 0400 

DA·· DELETE: 

DA--10: 

<<*********************************************** 
Handling of the .for" VSIGNAMF 

***********************************************)) 
SEl<STACK) LISHVFKEY>; 
HOVE <VHEOS> = • •i 
LISl NAHE1 

DA-··<~O: 

COllPANY I 
ADD: 
TELNOi 

GEl<FORH> VSIGNAHE, 
INil I 
LJST=<NAHF> I 

WI NllOW" < ( VMESS) > , 
FKEY::VFl<EY, 
FB=DA-·EX IT, 
r·7=DA·-EXll, 
fll=DA·-511; 

PERrCIRH AZ·-Fl.INt>·ERROR: 

l>A·-30 I 

GEHFURH> VSIGNAHE, 
CURRENT, 
US 1·= < NAHf> , 
WI NDC>W= < < VHESB > > , 
Fl<f:Y=VFl<E:Y, 
FB::DA· .. EX H, 
F7=·DA-·-EXIT, 
Fl=I>A .... SU; 
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t 

1 

490 .081) 
401.0DG 
4D?.OOO 
403, 000 
404.1)08 
40~•.000 
40t •• 000 
407.000 
400.0UO 
409. 000 
41Q. 000 
411 .poe 
412.000 

0488 
04111 
0412 
0412 
0412 
0412 
0412 
0412 
8412 
0412 
0412 
0412 
0412 

PERFOIUI AZ-FUHC-fRROR • 
CO fO DA-3ti 

llA-40: 

GET<rOR"> VSJGNAHf, 
C:UR RE lfl , 
l IST=-<NAtU. >, 
WI NDOtl: (( VENH> , < vt1ESS > > , 
fl<EY.....,,,-KEY, 
Fll=l>A-EXI T, 
F7=DA-C:XIT, 
FO=DA-50 ~ 

TRAHSACT/3800 COt1PILER <A.t1.tJ>1 FRI, JUL 29, 198:4, 1?:18 Pl't C:CIMPHED Ll8lJ 

413.000 0427 
414.000 0427 
415.1100 0429 
416.000 0431 
417.001 0431 
411:1. 000 0431 
419,008 0431 
420.000 0431 
4:?1. 800 04Jt 
4?.::!. 000 1132 
4?:~. 000 0432 
424.000 0432 
425.000 0431, 
426.000 11436 
427 .ooo 0436 
429.000 0441 
429.008 0443 
430.000 0445 
431. 000 0445 

t 
1 
t 
1 
1 

PERFORH AZ-HJNC-ERROR; 
GfJ TO DA-41; 

DA-50: 

< < VaUdate that narie DOES alread~ exist on file. >) 

SET<KEY> LIST<NAMf>; 
FINI>< CHAIN> D-ADDRESS·-DE.fl, 

SJNGlE, 
LIST=(C011f'AHY : TELNO); 

IF STATUS ( 1 Hl[N 
DO 

"9VE: <V£Nlf> = •NAMF. • 1 
MOVE <VttESS> = " NaNe is not on file"; 
GO TO DA-401 

DOEND; 
!PAGE 

TRAffSACl/3000 COttPILER <A . .00.13>: FRI, JUL 29, 1983, 12:18 PH COl1 .. IUD lISlJ 

432. 000 0445 
43:~. 000 0445 
434. 000 0445 
435.000 0445 
436. 000 0445 
437. 000 044~i 
43B.OOO 0445 
439.000 0445 
441!.000 0'4'45 
441.000 11447 
44?. 000 0447 
443f 000 0447 
444.000 04'47 
445.0110 0447 
446.000 844'7 
44'.7. 1}00 044'7 
440.000 0447 
449.000 0447 
4~'i0. 000 044'7 
4'.'it . 0011 044'f 

DA-110: 

Handlinq of the forM V8IGDfTl 

HOV[ <VHFSS) = • Press ff, to deleH• nar1e and address•: 

DA-120: 

Piil <FORM> VSJGl•ETL, 
WA IT==, 
tJST=<COHPANY ,ADl>l ,Allll2 ,ADD3,Al>IJ4 ,ADDS, TlLNO>, 
WINDOW=CCVl1ESS> >, 
rKt t=Vfl<EY, 
FB=DA-EXl T, 
f7:..DA-FXI1 , 
Fi>=DA-150; 
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t 

45;). 000 0469 . 
453.000 0469 
454. 000 04?~~ 

HOVE <VHESS> = • Invalid function kev1 • t 
• V'!ie ft. to dehit•i, or f? or fEl"l 

4!:i~1.000 
456.000 
45'/. 000 
451:1. 000 
459.11!10 
460.000 
461.000 
4b2.000 
463. 000 
464. 000 
465.0110 
46b.OOO 
467.0UO 
4€,8.000 
469.000 
4'10. 000 
471.0IJO 

0473 
8473 
0473 
04?3 
0473 
0473 
047:5 
8473 
0473 
0473 
0471 
0480 
(1480 
0490 
0490 
0490 
0490 

M-1 ~~o: 

UPDAlf<fOR") VSlC~DElL, 
1'Al r .. , 
lJSf=<>, 
WINDOW"'( < V11ESS > > , 
FKCY.=IJFKEY, 
FS=DA-EX IT, 
F'l=DA-EXIT, 
F6=DA-l50; 

GO TO DA-1301 

DA-150: 

47?.000 
4'/3.000 

0490 
0490 

l>El.£ TC CCURR£NI > I>· ADl>Rf.Sb ·I>ETL, 
LISl'=CNAH( : lLLNO); 

4/'4.000 
475.000 
4'1b. 00.0 
477 .OOQ 
478.000 
479.000 
480.000 

0494 
1494 
0494 
0494 
0494 
0496 
0490 

DA-EXITt 

SEl<FORH> ti ,Cl.FAR I 
MIJVf:: <VMESS> "' • • 1 
RETURN1 

< < clear a frozen forM > > 
(( r.:lear 11es!U1Je windtw >> 

481. 000 0499 ( <****ll*ll••···············************·lflf!f!f!flflflt!f·)flt!f)) 
DATA ITEM DEFINITIONS1 

D ADD 
D ADD1 

5 x ( 30, 
x ( 301 

o, JO) 
0 , 30 > = ADI)< 1> 

fRANSACl/300o" COMPIUR CA.00.03>: FRI, JUL 29, 1983, 12:18 PH COl1PJl.E'D. LISlJ 

DAlA 
D 
I) 

D 
J) 

D 
)) 

llFM DEFINITIONS: 
Al>D~>. 

AOHJ 
ADD4 
ADD5 
COMPANY 
NAMF 

U SAVE-·COMPANY 
D TELNU 
D VE:.NH 
D VrKEY 
D VHES!l 

CODF. FILE !HATl.lf.l: REPLACED 

0 COHP ILA HON FRRO!Hl 
PROCESSOR TUIE=OO:OO :46 

ELAPSED TIME=0010t131 

x ( 

x ( 

x ( 

x ( 

x ( 

x 
x 
x 
x 
l 
x 

16-15 

30, II, 30) = AllD<Jl> 
30, 0' :JO> "' ADDCE.1 > 
30, 0' 30) .. AJ>D<91 > 
30, 0, 30) ADDH 21) 
30, 0' JO> 
30. 0. 30) 
JO, 0. 30) 
20, 0' ~~o > 
16, 0' Ho> 

2, 0 .. ~~) 

/'4' 0. 74') 





UNIX - AN INTRODUCTION 

ABSTRACT 

The paper explains why UNIX is of interest to the computing community at the 
moment, how it came ini:o being, what its features are, and how it relates to 
CP/H, especially with respect to software portability; secondly, the ways in 
which UNiX can be used in a commercial environment are discussed including, 
by way·of example, how Data Logic has used it as a software development tool 
and new product base. 

Data Logic, a subsidiary of The Raytheon Company, supplies computer systems 
and ser11ices primart,ly in the U.K. 
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UNIX - AN INTRODUCTION 

UNIX is often mentioned in the computer press these days, but how many readers 
know the reason for this, or even what UNIX is? If they know that UNIX le an 
Operating System, how many know what kind it ia, and why it le so often 
compared with another Operating System, called CP/M? 

Data Logic first became involved with the UNIX System (which ta actually more 
than just an Operating System) about 3 years ago, and since then we have 
evaluated it, analysed it, and put it to practical commercial use, to.the 
extent that we now have more than 50 designers and programmers who have 
worked with it. Currently we are undertaking both project work and studies 
involving the uae of UNIX for ayatema and software development applications. 
So we are in a position to try to answer such frequently asked questions for 
those who wonder what this UNIX discussion is all about. 

UNIX is in fact a Time Sharing System (TSS). It originally ran on a variety 
of minis, especially PDP-ll's, but now runs on 16-bit and even 8-bit micros. 
The design is simple and the code compact, so the number of users who can be 
concurrently supported depends strictly on the hardware resources available, 
with few constraints from the Operating System. 

It is ironic that, to some people at any rate, one of UNIX' rivals today is 
CP/M, which is a single-user-access, interactive, system, because UNIX was 
originally similar although it is now very much a multi-user-access system. 
In this sense UNIX was well ahead of ~ts time when first developed, circa 
1970, when systems were always either Batch (single-user, non-interactive) 
or TSS (multi-user, interactive). A TSS provides a much more friendly ueer­
interface and quicker turn-around than a Batch system but unfortunately, in 
those days at any rate, TSS'e only ran on large expensive mainframes. So 
UNIX was begun at the Bell Telephone Labs, in New Jersey, an Engineering/R&D 
environment, with the aim of creating a more productive programming environment 
than those available in the absence of a large TSS. · The author of the first 
version (K. Thompson) found he had personal (i.e. single-user) access to a 
little-used DEC PDP-7 minicomputer, and he first developed the interactive 
aspects of a TSS on it, without the multi-user-access. UNIX was thus named 
for "uni-user MULTICS", after the TSS front-runner of that time, and possibly 
even. now. 

Data 
.__ ______________ ~91_0___,, 
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As the original program development facilities of UNIX became more popular at 
Bell, it soon evolved into a multi-user system, so as to make better use of 
the various computers available, and to this end it became portable aa well. 
As a result UNIX is probably unique among Operating Systems, especially 
multi-user ones, in that it is over 90% written in a higher-level 
machine-independent language, namely, 'C' (a descendent of Cambridge 
University's BCPL). The early Assembler version was rewritten f.n 'C' in 1973 
with only a (somewhat remarkable) 30% increase in code size which included 
adding multiprogramming to the system. The fact that it is mostly in 'C' gives 
it ease of modification as well as portability. 

UNIX as we know it to-day has thus evolved as the system's requirements 
changed, and as the developers of the later versions (D.M. Ritchie and 
K. TI1ompson) evolved their ideas on the design of Operating Systems in small 
computers. So by 1974 the characteristics hoped for by its authors had 
become "simplicity, elegance and ease of use"; and because these hopes were 
essentially met (although "elegance" is in the eye of the beholder!), the UNIX 
user population mushroomed in the 19701 a to 600 installations by 1978, and 
over 800 non-Bell installations by mid-1979. 

Thia UNIX popularity was mostly in the Universities and R & D Labs, and was 
perhaps not unconnected with the fact that UNIX ran on the PDP-11 first and 
foremost, but it did lead to a tremendous growth in software "add-ons", 
developed by users and "in the public domain", in the line of compilers, text 
editors, debugging aids, docwnent preparation tools (e.g. word processors, 
typesetting programs), etc.; plus a large number of leas useful "recreation 
and novelty" programs. In addition, in view of the environments in which 
UNIX evolved it was gradually adapted for ease of use in experimental, 
real-time, situations, including early computer networks. 

Thia evolution of the UNIX software in a small computer environment, with 
each increment of change developed on the UNIX system itself, hes given UNIX 
the attributes which make it commercially attractive to-day, namely compactness, 
portability, reliability (or at least stability) and software abundance. 

Essentially UNIX consists of a Basic Operating System, known as the "Kernel", 
plus over 100 "subsystems" which run as user processes controlled and scheduled 
by the Kernel. In a configuration which supports up to 50 simultaneously 
opened files, for example, and up to 64 concurrent processes, and has drivers 
for 6 different types of device, the Kernel occupies about 90Kbytes of memory 
on a 16-bit processor, and half of this is Buffer and Table Space (for files, 
devices and processes). Thia becomes about 110 Kbytes on a 32-bit processor. 
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The main features of UNIX are: 

A uniform system of file, device and inter-process I/O 

Ability to spaw~ autonomous processes from any process 

High degree of portability 

System Command Language is selectable on a per-user basis, and is not 
processed by the Kernel but by a user process 

Multi-level file naming and access control system, with dynamically 
growable files and ~ountable volumes. 

The UNIX Kernel is in 3 parts, providing the following functions: 

i) Process Management: process creation and (shared) program execution, 
swapping, process synchronisation, resource allocation, process 
scheduling. 

ii) 1/0 System: secondary storage "Block" I/O with a Cache Buffer system, 
character device I/O, device drivers. 

iii) File System: file naming, access control, disc space allocation, file 
sharing, "pipes" (i.e. inter-process communication via unnamed FIFO 
files). 

On top of the Kernel software, the "subsystems" which make up the bulk of the 
system and run as user processes include: 

Login end Logout of Terminal User 

Output Spooler 

SHELL Command Language Interpreter 

Assemblers 

'C' Object Code Binder 

Linking Loader 

Compilers for 'C', FORTRAN 77, BASIC, SNOBOL, APL, AJ.GOL 68, PASCAL 

Program verifier for 'C' programs 
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Graphics packages 

Typesetting programs 

Word processors 

Syntax Analyser and Lexical Analyser 

Electronic Mail 

UNIX-to-UNIX File Copy 

'MAKE' - Source and Object Code Maintenance System 

File Beck-up and Archive 

Commercial interest in UNIX began when the very cheap, very reliable, 
micro-chip processor arrived. Cheap, reliable, hardware is of no use without 
cheap, reliable, software to sell it, and UNIX had become a possible source 
for such software as far as some entrepreneurs are concerned, at least for 
16-bit micros. CP/H, the single-user "Operating System" for 8-bit processors 
is another because it became the first Operating System developed purely for 
a micro to acquire a sizeable nwaber of COBOL and BASIC commercial packages, 
initially for the personal computer market. 

For this reason alone, although UNIX and CP/H are as different as chalk end 
cheese, they are often linked together in the probably irrelevant but apparently 
burning question as to which OS will become the "standard" for 16-bit micros. 
What they have in counnon is relative ease of software portability and a 
certain quantity of software but little else, and even their portability is 
achieved in quite different ways. 

Moat Operating Systems hitherto have been inextricably linked to a particular 
kind of hardware a11ch that the only feasible way to port applications software 
from one hardware system to another, avoiding changes to the applications 
themselves, is to replicate the o.s. functions and file formats of the first 
system on the second, so that the porting or "conversion" task is typically: 

1. Alter compilers' back-ends to generate second hardware code. 

2. Rewrite o.s. in second hardware's Assembler language. 

J. Debug the o.s. 

4. Rewrite and debug the Run-time (High Level Language support) Library in 
second hardware's Assembler language. 
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5. Recompile and re-teat all applications. utilities. compilers to 
be ported. 

Needless to say this is very rarely done. although what is sometimes done is 
to emulate in microcode the firat hardware's code on the second hardware, and 
possibly its o.s. interface too. 

Both UNIX end CP/H simplify this porting/conversion task ln different waya. 
The diagram shows two approaches to portability. and how High t.evel Language 
(HLL) programs progress from Source code to actual execution on the hardware. 

UNIX uses Method A. CP/M, as far as its portable applications are concerned, 
uses Method B. and applications in this category are written in COBOL or 
BASIC. 

With UNIX. all five steps listed above are carried out (shown on the right in 
the diagram overleaf with the same atep numbers). However the hardest steps 
(2 and 3) are greatly sb1plified because the O.S. is over 90% in flJ,L. Step 1 
is also relatively easy because the 1C1 compiler is constructed to generate 
symbolic assembler-like instructions, which are assembled into machine code 
by a separate program. 

With CP/H (Method B) there is no recompilation. so no steps 1 and 5; but 
steps 2 and 3 must be carried out to the full. although CP/H is a relatively 
simple (and one-user) o.s •• Moveover with CP/H the COBOL and BASIC Run-Time 
Interpreters themselves must be rewritten as well as the Run-Time Library, 
therefore Step 4 is more difficult than in Method A. 
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METHOD A 

TWO APPROACHES TO PORTABILITY 

LANGUAGE "Al" 
PROGRAMS 

I 
I I 

LANGUAGE • A2" 
PROGRAMS 

I 

COMPILER .Al H I I COMPILER "A2" 

~~--~~-' '~~-.-~~-
I I 

PORTING ACTIONS 

5. RECOMPILE 

1. ALTl'i:R BACK-ENDS 

!RUN-TIME LIBRARY! 4. RECODE RTL 
,-, (RTL) I 
I 

I 
I OBJECT CODE FORMAT "A" 

,-, MACHINE CODE 

I '--------..--------1 
INSTRU- I I SYSTEM CALLS 
CTIONS -, I 

I ,------~--------
1 I o.s. FOR SYSTEM "A" 
I I 90% in llLL (Al) 

I '----------------! I 
-, HARDWARE "A" 

6. (null) 

2, RECODE 10% 
], DEBUG 10% 
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METHOD B 

LANGUAGE "Bl" 
PROGRAMS 

I 

COMPILER "Bl" 

OBJECT CODE 
FORMAT "Bl N 

(INTERPRETIVE) 

I 
I 
I 

---....---' 
I I !INTERPRETER "Bl"I 
' BUILT-IN RTL I 

I I 

I 

LANGUAGE "B2" 
PROGRAMS 

I COMPILER '.'B2 .. 

'------
I 
I 
I 

OBJECT CODE 
FORMAT "12· 

(INTERPRETIVE) 

'---.----
I I 
!INTERPRETER "B2" I 
,, BUILT-IN RTL I 
I I 

I I I 
I ----.., """'s""'t""'sTEH="''"-c"""-ALLS I 

INSTR- I I I 
UCTIONS I I INSTRUCTIONS 

I I o.s. FOR SYSTEM "B" - I 
I I All in ASSEMBLER ' I 
-, HARDWARE "B" ,----------

5. (null) 

1. (null) 

6. MOVE AS IS 

4. RECODE 
INTERPRETERS 
& RTL 

2. RECODE 100% 
3. DEBUG 100% 
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Two forther points to notice with regard to the portability of UNIX and CP/M 
software are:-

i) that 'C' programs written to interface to the "C Portable Run-Time 
Library" only, i.e. containing no system calls, can also be run under 
IBM's OS or Honeywell's GCOS; 

ii) application packages written in COBOL or BASIC to "run under CP/M" can 
in fact run under any system on which the Interpreters can run, provided 
that the system provides equivalent I/O facilities and file formats to 
those provided by CP/H - not the most dif.ficult of tasks! 

Therefore now that BASIC and COBOL Interpreters have been commercially 
developed for UNIX and/or its derivatives, the question as to whether UNIX 
or CP/M becomes a standard for applications on micros could soon become 
academic - to be superseded by "which BASIC and COBOL Interpretive Code 
Formats will become the standard for micro-baaed applications?" 

Of how much use then is UNIX in the commercial world to-day? First it is s 
good multi-user development system that can run on mini and micro-based 
hardware. The programs developed using it need not necessarily run ultimately 
under UNIX, especially if they are written in 'C' and purely to the "C Portable 
Run-Time Library" Interface, or in interpreted COBOL or BASIC. 

Secondly, UNIX can provide an instant product-base for multi-user interactive 
system software. This is particularly true if the system being developed is 
general-purpose and, if it is a multi-computer (distributed) system, if the 
configuration is a "star" (one master or cluster controller plus N satellites), 
In as much as there is a UNIX-to-UNIX File Store transfer capability, UNIX 
could also be theoretically adapted to local area network situations, i.e. 
linear or ring configurations, easier than some o.s. 

Data Logic has been using UNIX for the last 2 years in the development of 
new software and hardware products, having evaluated UNIX both as a 
development system, and as a possible commercial product base. 

We found that UNIX, Version 6 at any rate, had certain deficiencies to he 
overcome if used in a commercial product. The most serious of these were as 
follows (where "*" indicates a potential development system problem also): 

*l. There was inadequate error detection and prevention (e.g. no file or 
record sharing locks, system crashes when the maximum number of open 
files exceeded, files could become corrupt after an I/O error). 

*2. No recovery facilities, e.g. to do a "warm start", checkpoint a job, 
etc. 
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3. Access control to files and functions was not. sufficient for some 
applies tions. 

4. UNIX Shell Command J.snguage was not user-friendly enough for application 
programmers or even some system programmers. 

5. 11tere were no Database Management Facilities, although there is nothing 
to prevent them being easily superimposed on the File I/O. 

6. Each record accessed, in sny user-imposed file organisation, required 
at least 2 disc accesses, at least 3 if the file is 70Kbytes, st 
least 4 if the file is 8.5Mbytes; this is worse if the file organisation 
involves intermediate records - e.g. ISAM. 

*7. ntere was no per-user file apace quota allocation/enforcement system and 
the system crashed when all file space was allocated. 

*8. 11tere was no Batch Job Scheduler - UNIX accepts as many background 
processes as it le given which eventually clogs the system. 

9. Application Program Structuring problems could arise because there le 
no overlay facility end no program segment sharing between processes -
only sharing of entire programs; the UNIX solution was to make each 
overlay or segment a process but this increases IPC overhead. 

10. 11te IPC (Inter-process communication) facilities were not adequate. 
"Pipes" can only be used between a parent process and its child. There 
was no data segment sharing between processes. 

11. All I/O appears synchronous to user processes; this fact, coupled with 
the inability to wait for the first of N events, created problems for 
"real-time" event handling processes such as Communications Servers; 
again the solution is to create N processes - 1 per event. 

The principal remedies for these problems which we adopted were first for 
Data Logic to write a DBMS which sits on top of the UNIX file system and 
provides a relational database facility with 5 types of access path within 
such databases: SAM, ISAM, DAM, HRAM (Hashed-Random) and LIAM (Linked-Indexed, 
e.g. for WP). 

The second remedy adopted was to use XENIX instead of UNIX, which helped us 
overcome such major problems as File System Integrity, inadequate IPC, 
and inadequate error detection/prevention. Other crucial problems, 
e.g. the lack of an overlay facility, were circumvented in various ways. 
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Using XENIX as a product-base probably saved us on the order of 25 skilled 
man-years when compared to starting from scratch. Product control software, 
the DBMS and the initial applications are all written in 'C' (only the most 
hardware-oriented pieces of special device drivers are in Assembler). Later, 
vertical market applications will be written in interpreted COBOL or BASIC 
which are supplied by outside vendors. 

For development purposes we first used UNIX, then XENIX as its various 
enhancements became available, although the latter had little impact on the 
development system per ae. 

The main problems with UNIX as a development system are to do with ease of 
learning and, in our case (having a lot of software under development at one 
time) table overflow in the Kernel, 'C' compiler, and other utilities. The 
latter is fairly easily overcome by recompiling the offending part of UNIX, 
but learning to use UNIX effectively presented more difficulties because of 
the unprofessional quality of the UNIX user documentation. 

Thie user documentation seems to be geared to Time Sharing System buffs who 
are not too long out of college. However once our systems specialists had 
learned, by experimentation sometimes. how UNIX should be used, it was 
relatively easy to pass this knowledge on to the application programmers, 
and it should be said straight away that we found UNIX to be a very powerful 
development system, especially in comparison to some co1111Dercial minicomputer 
(and even larger) systems thst we have used. 

The software MTBF was on the order of a week and the errors encountered were 
either of the sforementioned table overflow type, or very esoteric bugs. 

Because of the portability of UNIX-based software discussed earlier we have 
been able to develop products first on a PDP-11, for lster transfer to other 
machines whenever we wish to do so. 

The faults in UNIX described here should not deter anyone from using it in 
the appropriate situations (as defined herein). Hsny of the problems listed, 
which Data Logic first recognised in 1980, are being rectified in various 
quarters, and there is certainly no comparable o.s. available for the price, 
especially one which is both ao well tried over time, and so easily portable. 
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DEVELOPING LARGE INTmRATED SYSTl'JiS USING RAPID/3000 

This paper describes the approach and methods adopted for a major development 

project - Project Management Infonnation Systems, one of a nllDber of concurrent 

development projects in Shell Expro. 

SHEIL EIPBO'S CONSTRUCTION PROJF.cTS 

Before describing our own project I would first like to describe our user 

environment. 

The development of oil and gas fields in the North Sea has necessitated the 

construction of large, complex platfonns and production facilities in a hostile 

environment, with water depths of up to 500ft, waves of up to BOft and wind 

speeds of up to lOOmph. 

Expro's philosophy for construction projects has evolved over nearly fifteen 

years of, sometimes bitter, experience and it is now c011111on practice to set-up a 

dedicated 'project management team' for each large project. 

The project teams have overall responsibility for the design, fabrication and 

installation of the platfonn, with most of the 'actual work' being contracted 

out. The projects have a duration of between three and six years and, at their 

peak, may have a management team of more than 200 staff. Costs for the larger 

projects can be well in excess of £500 million. Staff are assigned to projects 

from several functional departments, mainly Engineering, Materials, Quality 

Assurance and Project Services, to make-up a truly multi-functional and self 

sufficient team, 
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To meet the current canp~tin~ needs or project mana~ement teams and be preprtre~ 

for a future, where more marginal fields requiring even more canputing support 

are developed, Expro decided, in early 1981, to embark on a major exercise 

involving the development (60 manyears) of an integrated suite or 'Project 

Management Infonnation Systems', Here, I shall describe the application, the 

development environment and our experiences with the productivity tool RAPID. 

TIIE P.ROJF.cT 

The use of canputers by Expro's Project Management Teams increased rapidly in the 

late seventies with the introduction of dedicated,JD<inicomputers and associated 

'do it yourself' software. Soon a variety of systems was developed to meet 

individual projects• urgent and specific needs but in the heat of battle, not 

enough consideration was given to relationships between the systems and their 

data, 

It was decided to develop a comprehensive integrated 'Project Management 

Information System' for the benefit of all tuture projects and consisting of some 

sixteen modules (or systems). An outline description of these modules formed the 

framework for the 'PMIS 1 project, 

Early analysis identified five main groups of data, related to the main business 

functions, comprising activity, cost, contract, material and facility data 

respectively. The sixteen computer systems to support the various business 

functions were grouped around the main 1data banks' as illustrated in figure 1. 

A closer look at the application of these systems within a construction project 

reveals that they are by no means independent; this being reflected by the 

interlocking arrows in the centre of the diagram. 
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DEVELOPING LARGE IN'ImRATED SYSTF.HS USING RAPID/3000 

WHY THE llP3000 

To achieve integratlon, the ability to share data between systems is essential 

and a simple software/hardware environment is, therefore, highly desirable. 

Given the present state of ccmnunication facilities, we quickly found ourselves 

heading for a 'dedicated-mini 1 solution in order to satisfy the project team's 

need for interactive systems and to cater for a 'mobile' project team. 

(Construction project teams frequently operate from non-Shell offices and may 

even move during the project.) It was also clear that, certainly in large 

projects, the system could become heavily loaded adding 'growth path' to our list 

of requirements. 

We selected the HP3000 on the following grounds: 

it is designed for an on-line transaction-oriented environment 

it has well integrated software and has good development tools 

it provides good communications facilities (needed for interfaces with 

corporate systems) 

there is an increasing range of ccmnercially available packages which could 

meet some of our requirements, and 

there is considerable HP3000 experience in Shell UK. 

We now have a 12 terminal-llP3000/44 (2Mb) with 520Mb ( 120+400) disc storage 

dedicated to the development and a similar system has been installed for the 

first projects' operational use, Our initial estimates indicate that large 
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projects would have their own canputer with up to 50 terminals and 800-1200Mb of 

disc storage. 

SYSTEM CHARAC'l'ERISTICS 

Because the systems are being developed to be run by project personnel, we have 

designed them to be as user-friendly as possible. A hierarchial menu structure 

has been used throughout, the exception being the G/C Cue Network Planning 

package (bought from a third party), but even this is accessed via a menu, 

Conversational mode is nonnally used for retrieval purposes, and a 

'fill-in-the-blanks' (VPLS) approach is widely used for data entry. In addition 

to a suite of standard reports for each system, a 'report-writer' (lnfonn & 

Report) facility is also provided. 

Security provisions are based on password protected user names, thus allowing 

individuals to be granted (or denied) access to (sub) functions at any level of 

the menu hierarchy. 

WHY RAPID/3000 

At the start of PHIS in 1981 there were 6 dp staff in the development team, and 

we had jlll!t 3 years in which to provide 16 major systems, fully integrated and 

dom.unented. We realised that we needed all the help we could find if we were 

going to meet our targets. So, while the first functional specifications were 

being written by our Users in the team, an evaluation was undertaken of 

productivity tools currently available on the Hewlett Packard 3000. 
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RAPID was the one chosen as a result of that evaluation on the following 

grounds:-

Firstly, since RAPID/3000 ls marketed by Hewlett Packard, this meant that not 
only could we buy our hardware and software tools from the same supplier, but 

also that if HP were to modify, say, the Operating System of the HP3000, we 
could be confident that RAPID would be made compatible, and its long tenn 
support and developnent were more certain. 

Secondly, RAPID is able to access all types of file structure on the HP3000, 

including multiple IMAGE databases and KSAH files. This was essential for 

PMIS, whose sub-systems included bought packages like G/C Cue. Whatever file 
structures they used, all of the systems had to be integrated. 

Thirdly, RAPID supports HP's packages for fonns-handling and graphics (VPLUS 

and DSG); and, where necessary, COBOL, FORTRAN, SPL or PASCAL sub-programs 

can be used from within the TRANSACT main programs. 

Fourthly, initial demonstrations of the product and programs generated using 

it, showed that RAPID is •user-friendly'; essential of course, for 
interactive systems such as PHIS. 

So, in late 1981 we acquired RAPID/3000 and started to learn how to use it. 

ll<JI WE USE RAPID/3000 

DICTIONARY is central to our developnent; it contains the definitions of all our 

data items and their attributes and relationships enabling us to uniquely 

identify data items without any misunderstandings. These data items are first 

entered into the dictionary during analysis, this is as a by-product of 

documenting analysis within DICTIONARY. 
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Fi lea and forms are defined for TRANSACT and REPORT programs and for INFORM 

reports. The programs are documented within DICTIONARY as are any predetermined 

reports. 

We have written TRANSACT programs to extract infonnation, in fonnats normally 
unavailable, from DICTIONARY so that we can show the relationships among 
elements, files, systems, etc •••• 

DICTIONARY also holds 'Help Text• which is available on-line to users whilst 

executing PHIS. 

We use DICTIONARY and its utilities to create, maintain and enhance our 

databases. 

INFORM groups are set up within DICTIONARY and both INFORM and REPORT are 
available to our users (although the use of REPORT is restricted due to the 

impact of canpilations on system response). 

To date 95% of our programs to date have been written in TRANSACT, the remainder 

in FORTRAN. 

The approach to programming we developed was of a hierarchical modular design, 

the sixteen systems we required splitting nicely into five application areas. 

Each of the sixteen systems is to become a transact program (or system) belonging 

to one of five application area menus which in turn belong to the main menu in 

the structure. This methodology has given us very large TRANSACT programs. This 

set of menus and our security module became our master program which calls the 

systems available. 
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Wtthin e'l.ch of the systems the tr<insactlons are broken down jnto funct1onal areas 

to allow sensible menu structuring. Normally each of the. transactions is one 

segment; however in the case of some of the more canplex transactions several 

segments are used. When this is the case logically canplete parts of the 

transaction are put into their own segments. 

This approach has allowed us to deliver systems independently and to easily test 

transactions during development. 

A HAWRING PRODUCT 

When in late 1981 we acquired RAPID we were given a pre-release version and a 

training course by David Dunner. We experienced considerable problems for the 

next few months with bugs in the product stopping us or forcing us to use 

workrounds, However, our relationship with David and HP flourished and enabled 

us to have direct input into some of the early enhancements to the product. 

When the A.00,01 version appeared we were starting to use more advanced 

techniques with the product, our staff having become familiar with its power. It 

was about this time that we began to see some of the shortcanings of the product. 

The documentation was very poor and as a result some misunderstandings aros~; 

local HP support was almost non-existent; we constantly ran out of stack space, 

We obtained advanced training and advice again from DCD and as a result our 

confidence in both ourselves and the product grew, We developed rules to stop 

known problems from occuring and workrounds to avoid other problems, We also 

wrote an 'in-house' manual to overcane some of the documentation shortcomings. 
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The A.00,03 release of transact helped stop problems of stack overn.ow by the use 

of the SWAP option on the CALL verb; documentation improved drastically which 

enabled us to discard sane of our own in-house documentation and let us direct 

people to the manual instead. 

In June 1983 we received A.00.05, a version of TRANSACT that we consider to be 

fairly stable. The last occurrences of integer overflows and bounds violations 

which had plagued it appear to have beP.n removed and we are now confident we know 

how the product will perfonn/react under given circumstances. HP support is 

still poor (see later) but we only infrequently need help due to our own internal 

level of expertise. our contact with the SE structure is more often for 

reporting faults. 

Our use of RAPID over the last 2 years or so, has shown it to be an extremely 

effective tool for use in developing the PMIS systems. &It it is not a 'perfect• 

product, and we believe that it may not be as well suited for other application 

areas. 

LIMITATIONS <»" RAPID 

The main weaknesses that we have cane across during its use, are, on the 

technical side first: 

a very limited mathematical capability and poor array (or table) handling. 

We have found the use of FORTRAN subroutines to be a satisfactory alternative 

to TRANSACT here. 

there is no equivalent to a Linkage F.clit;.or, so that if a change is made to 

code in one transaction, the entire system has to be recanpiled. HP have 

been requested by ourselves and other clients to provide this Linkage F.clitor 

facility. 
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TRANSACT currently 'locks' the whole database rather than just a single 

dataset from simultaneous updates by canpeting Users or proceses; this may be 

a disadvantage in some applications (HP say they will allow dataset locking). 

all our TRANSACT programs seem to require the maximum allowed data area at 

run-time, and therefore for the programs to run successfully, we have to use 

careful segmentation and good coding (see later). 

Weaknesses of a more general nature, include: 

support for the product is still sub-standard. Very few HP Support Engineers 

have any experience with. the product and •experts' are virtually 

non-existent; the Phone In Consultancy Service also suffers from this lack of 

experience. Since it seems to be HP 1s policy to use SEs for custaoer 

training · the level of tuition given to clients also suffers as the SEs are 

unsure of the material presented and often unable to answer questions. 

a significant learning curve. Just because TRANSACT is a high level, 

extremely concise progranming language does not mean that it is necessarily 

simple to use. In fact, for coding of complex transactions which have to be 

precisely customised, TRANSACT can become as difficult to use as COBOt;, 

however, it does retain the advantages of powerful verbs for database and 

screen handling. We have found that while a progranmer can write basic 

programs after an introductory course and just a few week's use, it requires 

3-6 months' experience and an advanced training course, before becoming Mly 

proficient. 

S<Jm SIMPLE TIPS 

TRANSACT may be a free fonnat language but in order to improve maintenance of 

programs coding standards should be developed e.g. for labelling conventions and 

indentation. (No one convention is necessarily better then an other but almost 

any is better than none.) 

PM28/10 
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DEVEl.DPING LAOOE INimRA'l'ED SIS'.l'BHS USING RAPID/3000 

Ensure that progranmers understand the implication of the verbs, their modifiers 
and options that they are using as significant perfonnance gains can be achieved 
e.g. by using the SINGLE option with the FIND verb when only retrieving one 
record. 

Avoid the use of the STATUS option as this removes a lot of power from a TRANSACT 
verb and importantly suppresses automatic error handling. 

Encourage the use of test modes to debug programs (using 2 terminals, one equated 

to TRANDUMP, if you have enough VDUs to spare). 

&ltE ANSWERS 1'0 THE STACK PROBLEM 

Within the PHIS team this subject has becane very important as we are now 
producing systems that have in the order of 25,000 words of p-code, for which the 
source is approximately 450-500 pages of standard print-out. This may not appear 

to be a problem unless you have produced a sizeable system using TRANSACT, but 
those that have, will probably have cane across this one major problem of stack 
size. 

The user data stack on the HP3000 is limited to 31,262 words (or less if your 
system configuration is less) and the TRANSACT processor has been ~REPed to allow 
for this. The processor is effectively a conmand interpretor which operates on 
inputs fran the user and upon the p-code generated by the compiler, thus the 
p-code resides in your user data stack. If you generate a large amount of p-code 
and do not segment your programs you will very quickly run out of stack. 

PH28/11 
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DEVELOPING LARGE INT&lRATED SYSTFltS USING RAPID/3000 

Judicious use of the !SEGMENT instruction will solve most problems associated 

with stack size but does have other implications. Do not use only one !SEGMENT 

as the root segment (the first code in the source file before the !SEGMENT) 

always remains in the stack and this will be joined by the segment which is 

currently in use (or was just used if the current instruction is in the root 

segment); there will also be transfer vector tables for segment entry labels, so, 

if there are only two segments, there will be an overhead of the transfer vector 

table thus making the problem worse, 

When segmenting keep the root segment as small as possible, because it is in the 

stack all the time, but put c<lmlon routines in it if possible, as there is very 

little overhead associated with switching in and out of the root segment from the 

other segment in memory, All other segments should be kept as similarly sized as 

possible as the overlay areas are as large as the largest required by any one 

segment, 

Remember, only those items defined in the root segment or defined in Dictionary 

and referenced in the root segment, are global to the whole program. Similarly, 

only the labels in the root segment are global and any labels outside this 

segment, that are referenced from a segment other than the one they are in, must 

be included in a DEFINE (ENTRY) instruction, 

Global definition of items is important as internally each item is referenced by 

a number which is assigned as the compiler encounters them at compile time; thus 

the items in the root segment come first, The items referenced in all other 

segments but not occurring in the root segment are given numbers starting with 

the last item referenced in the root segment plus 1; however, this is done 

separately for each segment, thus the same number may be used for different 

i terns. This will never cause a problem if process control between segments is 

PM28/12 
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always passed through the root segmPnt and if the only items 1n t.t1P list., P.30h 

time control passes from the root segment, are items that have reference numbers 

generated from the root segment. The problems will arise if segment control is 

passed from one segment to another (and neither are the root segment). In this 

case, an item that is in the LIST, HATCH or UPDATE registers when the segment 

boundary is crossed, may have a reference number the same as a different item in 

the new segment, thus the processor would think a different item was in the 

register. To stop this occurring the processor checks that the references in the 

registers were not generated from the segment before it crosses the boundary, if 

any such reference is (ound an error message is generated. Th.ts checking takes 

time, so after thoroughly testing to ensure that the problem will not occur, use 

the OPTS canpiler option for the operational system; this· tells the processor 

that you are sure you have no local items in your registers when you change 

segments and thus not to check for you, thus eliminating the overhead. 

The compiler offers two other chances to reduce the amount of stack required. 

Use OPT when defining items regardless of the segment, e.g.: 

DEFINE(ITEH) REPLY X(l,,2), OPT; 

This ensures that the compiler will not generate references for any item that is 

defined but not used within the segment or entire system (in the case of those 

defined in the root segment). Secondly, use the OPT! canpiler option, in 

addition to OPT, so that all those items so defined will be stripped of their 

associated textual strings, such as their AXII name and entry text, (assuming 

you do not use these strings in the system). The loss of AXII names means that 

this should not be done on database items, as the name is required for the IMAGE 

call. Note that it is possible to define items that are already defined in 

Dicionary without altering their attributes but stripping these textual strings. 

PM28/13 
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DEVELOPING LAOOE IH'l'mRA'IED SYS"l'IM:I USING RAPID/3000 

This can be very important when using the VPLS interface to remove strings 

associated with items only used for VPLS forms e.g.: 

DEFINE(ITEM) FORMELEMENT,OPT; 

[N.B.: Do not use this option on any item that you wish to highlight using 

variable field highlight i.e. 

PUT (FORM) formname, WINDOW:((errorfield),(message)).] 

If you do not require the heading text or entry text for database items in your 

programmes, but do require them for INFORM, it l!BY be necessary to maintain two 

dictionaries. These strings cannot be stripped out at canpilation time as the 

OPTI option would also take its ASCII name, but leaving these strings in may 

cause stack problems. Thus the only solution, currently, is to canpile systems 

referencing a Dictionary that has not been given any of these strings, associated 

with the items, and running the systems and INFORM referring to one that does. 

Note that deleting a string from Dictionary is not the same as it never having 

had one. 

Use of Test Mode 4 when running your systems can show you why and where your 

stack problems are occurring. This mode shows the following: 

seg.address 

seg,address 

instruction 

PH28/14 

instruction z s q dl where: 

is the segment m.nber followed by the instruction 

location within the segment 

is the p-code instruction at the given location 

is the time taken to perform the instruction in 

millisecs (subtracting the test mode overhead) and 

if it is less than lms zero, is indicated and the 

fraction added to the next instruction 
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DEVEIDPING LARGE IN'fmRATED SYSTEMS USING RAPID/3000 

z 

s 

q 

dl 

is the accumulated ti since the test mode was 
switched on 

is the hi.gh water mark at the top of the stack 

is the current top of stack 

is the pointer that differentiates between global 

and local variables for the processor and its 

subroutines 

is the area in the stack taken up by MPE subsystems. 

Often VPLS. 

This can show you how close you are to having stack problems as z+dl may never 

exceed 31,262 words. 

Within the PHIS team we have a stack size calculation sheet (see below). 1bese 

figures can be explained as follows: 

1) PHIS menu overhead, thi.s is caused by our systems being called from a master 

program using the SWAP option. This· value is the summation of the remaining 

stack space a~er the call. 

2) The stack required for the transact processor 

3) The stllllllation of the TRANSACT Processor Control Block and the Transact Outer 

Block 

4) The DL required for VPLS 

5) The bottom line of the ccmpiler output with STAT option. 

PM28/15 
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DEVELOPING LAOOE IHTl'nRATED SYSTEMS USING RAPID/3000 

1, 2, 3 and 5 are explained further in Appendix E of the transact manual, The 

total we allow is 29.0 Kw which gives us a good confidence level that there is 

sufficient stack space left to allow for changes, 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TRANSACT PROORAH SfAL1C SIZE CALCULATION SHEET 

============================================= 

( 1) PHIS MENU OVERHEAD 1.5K fixed 

(2) TRANSACT OVERHEAD 4.0K fixed - from HP 

(3) CONTROL BLOCK OVERHEADS 1.0K fixed - from HP 
(TPCB & TOB) 

(4) VPLUS OVERHEAD t II ... "4 •• 4 ., (from fast fonns file) 

(5) PROGRAM RUN-TIME STACK SIZE ........ ., ..... (fom STAT listing) 

TOTAL ... It ........ .. 

N.B. SYSTEM WILL N 0 T BE ACCEPTED BY THE SUPPORT TEAM IF THE 

TOTAL EXCEEDS 29,0K 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

THIS ~'ORM MUST BE COMPLETED FOR EVERY SYSTEM 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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DEVEU>PING LAlllB mumATED SISIEHS USilE RAPID/30C>q 

If you are using VPLS, the size of dl may be up to 8Kw which obviously limits 

room for other operations, such as, that other well known user of stack, the 

sort. A sort will require a minimllD of 3Kw to run but will grab all of your 

stack available minus 1Kw to get it. You now have a problem if it cannot get 

enough stack as the dl pointer is so high. The only way to release this dl area 

is to close the forms file, unfortunately the CLOSE cOlllllaOd will not do this. 

Solution: open a dumny forms file by doing a SET(FORM) on a fom in the dlllllly 

file that has no fields. 

Only one forms file can be open at one time, thus the first fonns file is closed 

releasing the dl, the second is opened at a cost of less than 1Kw dl giving up to 

7Kw for the sort. Do note that using fast forms files saves 800w and I/O. 

All the preceding problems can be compolUlded by using the CALL coomand. 

Segmentation is limited to 64 segments and so, if large systems are to interface 

it may be necessary to use CALL. The problem with CALL is that it only shares 

the data register with the called system and builds all the other internal tables 

again in the data stack above the original ones, thus adding the calling system 

and called systems stack together. This problem can be overcane as of Version 

A.00.03, which has the SWAP option on the CALL cOllllland to allow the overwriting 

of some of the internal data when calling another system and these tables are 

rebuilt when crossing back. This obviously has an overhead but this is 

preferable to a system that will not rm, 

18-18 
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DEYEl.DPD«J LAJIE nmxmATED SYSTEHS USDIJ RAPID/3000 

OONCUJSIONS 

Naturally we have cane to certain conclusions about the RAPID product, both from 
our own use of it and also from discussions w1 th other users both w1 thin and 

outside Shell, 

Firstly, we have indeed found RAPID to be an effective aid to productivity during 
the development of our PHIS systems, 

However, we believe it could be less beneficial for 'batch' processing systems, 
rather than the on-line transaction-based systems for which it, and the HPJOOO 
itself was designed. Also, it might be less effective for short-duration 
projects if their personnel had no previous knowledge of RAPID and who would 
therefore suffer from the learning curve, 

In PHIS, we have made a rough estimate of 30-40~ saving on progranming, testing 
and doc1.1Dentation time, canpared with if we had used a conventional prograuuing 
language like COBOL. 

The achievable gains in productivity fran using TRANSACT are directly linked to 

the quality of staff employed for a particular task, High level languages do not 

mean that less skillful staff can be employed and expected to perfonn as well as 

the 'expert•. The areas in which skills are required change when using RAPID; it 

is possible to lose much of the potential for coding productivity by poor design, 
thus progranmers and designers need to understand the concepts of RAPID in order 

to maximise their perfonnance, 
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DEVEl.DPING I.Alo: IHTmRATED SIS'mfS USING RAPID/3000 

We have found RAPID to be a very powerful and flexible tool, limited only for 

mathematical and table-handling applications. 

Despite having may be more than it is fair share of bugs in the initial month3 of 

its released in the UK, it,!.! now a stable and reliable product, which it appears 

HP have every intention of supporting and developing further. 

RAPID's 'user-friendliness' and performance in development and 'live' 

env.ironments, have been found generaly to be very good, and canpare favourably 

with COBOL. 

Lastly, it should be mentioned that RAPID goes beyond the normal realm of a 

developuent tool by providing the Support Team, who have to maintain the Systems, 

both with good documentation of data and program structures, and also with 

utilities to maintain and audit the databases and their contents. The source 

code that has been developed has so far been easily maintained and enhanced 

leading us to hope for productivity gains from our support team, It is however 

too early in the life of our operational systems to be able to quantify any such 

improvements. 
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SECTION 1 GENERAL INTRODUCTION 

-- SEQUENTIAL PROCESSING 

LIMITED BY DISC 

-- FORTRAN OUTPERFORMS 

COBOL 

-- V /3000 TOO INEFFICIENT 

-- IMAGE IS TOO SLOW 

-- HP3000 INEFFECTIVE 

BATCH PROCESSOR 

-- MOON IS MADE OF 

GREEN CHEESE 

Figure 1 

TRADITION (Figure 1) 

-- SEQUENTIAL PROCESSING IS LIMITED BY DISC ACCESS 

This is one of those generally accepted truths that all of us 
have been taught from the beginning of our careers. In most 
cases, on most machines, this is probably a valid generality. 
Because HP has concentrated on transaction processing, 
certain defaults built into the file system often make this 
assumption invalid when evaluating batch processing 
performance. 
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FORTRAN OUTPERFORMS COBOL. 

In typical business applications, this is generally untrue. 
The FORTRAN compiler is admittedly superior in handling 
numeric data if we limit the definition of numeric data to 
binary and real data formats. The COBOL compiler, however, 
does a much better job with ASCII numeric data and is quite 
effective when dealing with files, records. and ASCII 
character fields. The net effect is that COBOL usually 
outperforms FORTRAN in the average commercial application. 

-- V/3000 IS TOO INEFFICIENT. 

Considering the powerful, highly generalized capabilities 
provided within V/3000, this statement is not acceptable. 
The original V/3000 did have design characteristics, 
particularly the use of KSAM and the prohibitive form file 
recompilation techniques, that left a bad taste in our 
mouths. The new V/3000 has corrected these shortcomings. In 
any particular application, a good programmer could probably 
outperform V/3000; even so, V/3000 is a highly efficient 
subsystem that deserves the chance to earn our confidence. 

-- IMAGE IS TOO SLOW. 

IMAGE is not at all slow but it is easily abused. IMAGE is 
an excellent example of a network data base and as such is 
inherently very rapid when used for record retrieval. 
Unfortunately, the price of rapid random retrieval is 
relatively slow structure maintenance, particularly when the 
structure becomes complex. Add to this the overhead for 
sophisticated internal security, multiuser update access, and 
extensive chain sequencing and you have a heavily burdened 
environment. In effect, the demands of our applications lead 
to slow performance; IMAGE itself is not inherently slow. 
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-- HP 3000 IS INEFFECTIVE IN BATCH PROCESSING. 

The HP 3000 running MPE is admittedly biased towards 
transaction processing. The defaults built into MPE have not 
been chosen to maximize batch processing; the programmer who 
attacks a batch application without taking this into 
consideration may be displeased with the results. An 
informed programmer will know which override options to 
invoke in order to bring out the batch processing strengths 
of the machine. When 'handled properly, the HP 3000 is 
capable of surprising batch performance. 

-- THE MOON IS MADE OF GREEN CHEESE. 

I finally stopped believing this in 1969. 

PROGRAMMING 

-- Programmer is 

problem solver 

-- Programming is 

problem solving 

-- Entire problem is 

fair game 

-- Entire solution is 

fair game 

FOR 

Figure 2 

PERFORMANCE 

-- Measured by your 

MANAGEMENT! 

-- Compromise between 

elements 

-- Doing job 

-on schedule 

-within budget 

-- Response (TP & B) 

-- Throughput (TP & B) 

PROGRAMMING AND PERFORMANCE (Figure 2) 

-- PROGRA1-f.1ING 

19-5 



A programmer is much more than a technican who encodes a 
problem solution in machine readable form. A true programmer 
is deeply involved in formulating the solution to the 
problem and. in some cases, may even identify and define 
the problem prior to compounding a solution. 

No discussion of programming, therefore, can be limited 
strictly to an examination of computer coding techniques. 
The subject must be broadened to include all aspects of the 
problem and all details pertinent to the problem solution. 

PERFORMANCE. 

We technicians often forget that the criteria for performance 
measurements are defined by management and may differ greatly 
between organizations and even between functional areas 
within an organization. In too many cases we refuse to 
accept the fact that the only satisfactory solution ma.y 
~equire compromise, most often a sacrifice of technical 
elegance, in order to meet a management objective. A 
technically advanced solution finished too late may be 
worthless; one that exceeds the planned cost may be even 
worse. 

Fortunately for us technicians, this discourse will 
concentrate on technical performance. We will be concerned 
with traditional indicators, response and throughput, in both 
batch and transaction processing environments. Many times, 
one can be gained only at the expense of the other. Luckily, 
some techniques can improve performance in all instances. 

PERFORMANCE CURVE (Figure 3) 

A generally acceptable graphic depiction of a machine's 
performance is a curved line, the "performance curve", 
showing the gradual performance degradation for the average 
program as the machine is progressively loaded. In typical 
transaction processing environments, the curve shows a 
definite pattern (Curve #1). At first, performance degrades 
very little as the first few interactive jobs compete with 
one another. As more jobs are added, each tends to have a 
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greater negative impact and the curve begins to climb more 
rapidly. Eventually the "knee in the curve" is reached where 
each added job causes a disproportionate degradation. At the 
knee the machine has usually reached the point where the 
aggregate useful work done by the machine drops for each job 
introduced. 

If the real memory in the machine increases, performance 
normally improves as shown by Curve #2. On the low load end, 
the performance improves only slightly if at all since low 
load performance is not generally memory limited. Mid-range 
performance improvement is more noticeable and the mid-range 
itself is extended. The knee still occurs but does not show 
up until the machine is more heavily loaded. The usual 
impact of additional memory shows up more in improved 
throughput rather than in improved individual program 
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response. 

Increasing the raw execution power of the machine affects 
performance differently from increasing its memory. 
Improvement shows up immediately on the low end of the curve 
and the knee shows up later. Similar improvement can also be 
attained by improving mass storage access even without 
increased raw execution power. Curve 13 shows a typical 
example of such improvement. 

Improved programming exhibits characteristics similar to 
those of Curve 13. We could expect this since improved 
programming usually causes less code to be executed or.less 
disc accesses to be made. This, in fact, becomes a basic 
guideline for improving programming. Most effective 
performance improving techniques center around reducing 
executed code and reducing disc access. Since improvements 
in disc access are more practical to accomplish and will 
reduce code execution as a byproduct, disc access reduction 
usually assumes first priority. 

TRANSACTION PROCESSING PERFORMANCE (Figure 4) 

Batch performance is fairly easily measured. We can easily 
time how long a job runs, what resources it seems to be 
absorbing, and how much competing batch jobs inhibit one 
another. TP performance is much more difficult to quantify. 

lP performance is measured by two yardsticks, throughput and 
response. Throughput is the objective count of the number of 
transactions that can be processed in any given time period. 
Response is more difficult to measure because it is a 
subjective evaluation. 

A programmer 
throughput. 
make little 

has more influence on response than on 
Additionally, dramatic changes to response may 
change to throughput. This paper will 

concentrate on response. 

TP is too complex to try to examine as a single entity. For 
simplicity, I am limiting this overview to an evaluation of 
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TRANSACTION PROCESSING PERFORMANCE 
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Figure 4 

the processing of a simple transaction. 
into 5 distinct pieces of time. 

This can be broken 

1. Think Time. 

The time for the user to fill a screen. Think time is 
normally the longest item in TP and is application dependent. 
I will arbitrarily disregard think time in this paper. 
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2. Enter Time. 

The time from the hitting of the enter key to the beginning 
of actual data transfer to the machine. This time is mostly 
determined by the hardware, the operating system, and the 
overall machine load. Although a programmer may impact enter 
time, we will not discuss it. 

3. Transfer Time. 

The time from the start of data transfer from the screen to 
its completion. This is mostly a hardware function. In some 
instances the programmer can change this item. We will 
address transfer time briefly. 

4. Process Time 

The time your program spends actually processing the screen 
input. By definition this is under programmer control. We 
will concentrate ori improving process time. 

5. Reset Time 

The time required to prepare the terminal for the next user 
interaction; In pure data entry this time might be trivial. 
In other_ applications it might involve screen switches, 
response transmission or similar lengthy activities. We will 
examine some cases involving reset time. 

Traditional measurements of system response times tend to 
emphasize the measurement of enter time. For system 
evaluation this is a valid point of reference. We 
programmers must concern ourselves with application dependent 
factors over which we have some control. 

Programmers deal most directly with transfer, process, and 
reset times. These three items are the primary criteria used 
by users in measuring how responsive a system is. 

The user who waits fifteen seconds for the computer to digest 
a screen of data and prepare the terminal for next input 
feels that the machine is not responsive. Our job is to make 
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the machine responsive in the eyes of the user. 

PERFORMANCE DELIMITERS 

DATA LANGUAGES V/3000 

Stack sizes COBOL Edits 

Stack util % FORTRAN Enhancements 

EDS sizes SPL Form sizes 

CODE IMAGE 
Downloading 

SYSTEM TABLES 
Segment sizes Capacities 

Segmentation MAST vs. DET OTHER FACTORS 

Seg-seg trans MAN vs. AUTO 

Libraries 

Figure 5 

PERFORMANCE DELIMETERS (Figure 5) 

Almost anything can impact performance. I have consciously 
oversimplified the situation by dividing the subject into 
seven groupings. Each of these groupings could be considered 
most important by any individual. This would be influenced 
considerably by a person's experience and background. A 
quick overview of each will set the tone for the presentation 
of my views on the subject. 

GROUPS l AND 2 -- DATA AND CODE. 

These related 
performance. 
people. 

items are very important factors influencing 
They have also received much attention by many 

This is fortunate in that the programmer has definite 
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guidelines to follow to try to avoid creating totally 
unacceptable programs. It is unfortunate in that we often 
assume that the volume of verbiage on a subject indicates its 
relative impact on our work. I feel this is not always true 
and that some of us have become entirely too concerned with 
data and code considerations. 

I am almost certain that neither data nor code are the 
primary culprits when the first questions I am asked about a 
program are "Do I have my stacks small enough?" or "Have I 
segmented the program properly?". All too often these are 
dead giveaways that the programmer has become intimidated by 
the massive documentation about code and data and has failed 
to get a good perspective on the whole situation. How, for 
example, could code and data be causing 10 second response 
delays in a program that makes 250 data base accesses per 
response? 

I firmly believe that code and data can significantly impact 
performance. I believe even more firmly that they should be 
held suspect only after many of the other possible 
contributors have been reviewed and evaluated. 

GROUP 3 -- LANGUAGES. 

This is another area where I feel we have all expended too 
much effort. Except for special cases in which specific 
capabilities of a language are required, I have yet to find a 
program which would be meaningfully more efficient in one 
language than another. The one rule I would accept would be 
the prohibition of interpretive BASIC in a production 
environment. 

I have seen many instances where the absolute requirement to 
have a "COBOL shop" has denied a programmer access to 
efficiencies available in other languages, particularly SPL. 
I have seen even more cases where the fear of the assumed 
inefficiencies of COBOL has resulted in FORTRAN or SPL 
programs which quite often run slower than a COBOL version. 

Although this may represent a minority viewpoint, I claim 
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that COBOL will often be the most efficient and the most 
effective language in the typical commercial application. 
And even if this may not be true, I further claim that the 
choice of languages does not have a meaningful impact either 
way. If you like COBOL, use it. If you hate COBOL, use 
FORTRAN or perhaps SPL. In any case, use whatever helps you 
as an individual to get your job done. 

GROUP 4 -- IMAGE 

By now, everyone should be wondering just what I think are 
the important performance delimiters. We've finally hit one. 
IMAGE has a big effect on performance. 

The factors sublisted in this group are the ones usually 
quoted as being critical. These and the use or non-use of 
sorted chains have been discussed to death. In addition, 
with the probable exception of the constraints on sorted 
chains, their importance is generally blown all out of 
proportion. 

We will cover the impact of IMAGE but it will be done from a 
different vantage point. Our primary concern will be 
centered around the ways we have structured our data bases 
and the effects those structures have on performance. 

GROUP 5 -- V/3000. 

V/3000 is very good but it is not perfect. As with any 
highly generalized package, V/3000 can probably be "beatenu 
in any given application by a highly skilled programmer. In 
some applications. V/3000 may also be a less desirable choice 
because more performance oriented but less generalized 
techniques are available. A case in point might be the data 
capture environment where we would want to consider using the 
more efficient data capture intrinsics. 

Just because V/3000 may not always be the best solution in 
all instances should not become a rationale for avoiding 
V/3000 altogether. V/3000 simply has too many capabilities 
to be ignored. It is also more efficient than most of us 
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probably realize. 

V/3000 was introduced with two specific faults which gave 
some of us some bad memories. Both of these have· been 
corrected. The KSAM oriented forms file structure has been 
replaced by a vastly superior file access method. The 
ability to recompile only modified forms has greatly reduced 
development and maintenance overhead. If we have not reviewed 
our evaluation of V/3000 since its introduction we may be 
cheating ourselves. 

There are some capabilities still suspect within V/3000. I 
claim that in most cases, the culprit is the heavy demands we 
build into our applications rather than the way V/3000 
handles those demands. I strongly suspect that most of us 
would be pleasantly surprised at the performance V/3000 gives 
compared to that provided by user written code performing the 
same functions. We would also probably be appalled by the 
volume of code we would have to write and maintain to replace 
standard V/3000 capabilities. 

There is much potential benefit for us if we closely 
evaluate our techniques of using V/3000. In many cases we 
can improve performance by using V/3000 differently. In the 
average application, however, we would probably do much harm 
by trying to avoid or replace V/3000. 

GROUP 6 -- SYSTEM TABLES. 

Let's handle this fast. 
overall system point of 
applications programming. 

GROUP 7 -- OTHER FACTORS 

Look at system tables 
view. Forget about 

from an 
them in 

When somebody ends a list of items with a group called •other 
factors•, they probably plan to quickly dismiss those same 
factors as relatively unimportant. In our case, I have 
deliberately placed them last for emphasis. What many might 
consider relatively unimportant are the very items experience 
has taught me to look at more carefully. I think that look 
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will be most revealing. 

SPECIAL USER SUBPROGRAMS 

-SUBSYSTEMS MACHINE 

-INTRINSICS INSTRUCT 

-COMPILER 

SUBROUTINES MICRO 
INSTRUCT 

-MPE 

USER APPLICATION PROGRAM CODE 

USER CODE -- VS -- INTRINSICS, ETC. 

NOI/O -- vs -- ALL 1/0 

5-20% CPU -- vs -- 80-95% CPU 

DIMES -- VS -- DOLLARS 

Figure 6 

PROGRAM CHARACTERISTICS (Figure 6) 

How we visualize our programs can have a great influence on 
our attempts to improve their performance. A reasonably 
accurate picture of a typical commercial application program 
might surprise some of us. It might also help explain why 
two programs, one written by a highly technical programmer 
and the other written by an experienced but relatively non­
technical programmer. can have maddeningly (to the technical 
programmer) similar performance characteristics. 

The most important fact to 
application program written 

be realized is that the normal 
on a typical modern commercial 
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computer is a "driver". Whenever we write a program, 
particularly in a high-level language, we do not generate 
computer instructions. We are actually writing compiler 
instructions which will be converted into computer 
instructions. Our choices of coding techniques can have 
significant influence on some of the code generated. In 
general, however, the problem being coded has a far greater 
effect than our choices of how we code our solution. 

A consequence of the 0 driver" aspect of our programs is that 
our program code (that is. the portion controlled by our 
coding techniques) never performs I-0. Except for rare, 
highly specialized, privileged mode applications, all I-0 is 
performed by MPE Intrinsics. Once we have designed our 
application characteristics. the 1-0 required is essentially 
independent of our programming language or our programming 
techniques. 

Some programmers could be somewhat discouraged at being told 
their coding techniques have relatively little effect on a 
program. Others will be relieved on hearing the same message 
because it allows them to code without fearing that they 
might mess up a program through "poor" programming. Both of 
these types of programmers have missed the boat on 
performance. 

Better programmers reprioritize their efforts away from mere 
technical coding competence and concentrate on design. They 
realize that the characteristics designed into an application 
are the major determinants of performance. 

Being better programmers. we will concentrate on design in 
our search for improved performance. Even ralatively small 
changes in design can have more effect than massive changes 
in pure coding. Wise decisions during application design can 
have immense impact on eventual performance. 

SUBPROGRAMS (Figure 7) 

Utilizing subprograms allows us to program for performance. 
Period. End of sentence. 
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UTILIZE SUBPROGRAMS P. 

-- SPEEDS DEVELOPMENT 

-- SPEEDS TESTING 

-- SPEEDS MAINTENANCE 

[
EVALUATION 

-- PERMITS AND 

MODIFICATION 

Figure 7 

A non-trivial program written using subprograms will be 
faster to develop and test than an equivalent program written 
as a single unit. This is not prejudiced conjecture by me; 
it is a widely recognized fact. Since development and test 
time for a program are included in the broad definition of 
performance, programs written in subprogram form give 
improved performance. 

Maintenance is also simplified for programs built from 
subprograms. It is easier to determine where to modify a 
subprogram than where to modify a unit program. The validity 
of the change is more easily tested in a subprogram. 
Subprograms even require less expense to test than do unit 
programs. Smaller listings, shorter compilations, and more 
controllable logic give us tremendous return for our 
investment. 

Subprograms would justify themselves solely on the merits 
claimed up to this point, but we should look deeper. 
Subprograms can be powerful tools in the attempt to improve 
application performance. 
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Subprograms are prime examples of modular program and 
application architecture. Modularity isolates functions so 
that modifications affecting those functions can likewise be 
isolated. Isolation of modifications allows more accurate 
evaluation of the effects of those modifications. The more 
accurately we evaluate our modifications, the more effective 
our modifications can become. 

NORMAL 

100 CPU UNITS 

BIG PROGRAM 

vs MODULAR 

101 CPU UNITS 

A= 8 units 
B = 10 units 

C = 30 units 

D = 10 units 

E = 12 units 
E=~umts 

G = 25 units 

PROBABLE PAYBACK = WHERE ?? 

RESULT OF CHANGE = WHAT ?? 

Figure 8 

MORMAL vs MODULAR (Figure 8) 

Subprograms do not give us more efficient programs. All 
factors being equal. a unit program will execute more 
efficiently than one written in subprogram form. 
Subprograms. however, give us the means to improve 
performance and efficiency in ways generally unavailable in 
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unit programs. 

Improving performance comes only partly from improving 
programming. Far more important than how much we improve 
programming is where we decide to try to improve programming. 
I would much prefer to reduce a high overhead item than a low 
one. 

Intelligent attempts to 
disciplined plan of action. 
four discreet items: 

improve performance require a 
That plan must include at least 

Evaluation of existing performance 
Identification of candidates for alteration 
Selection and implementation of changes 
Evaluation of resultant performance 

To get a feel for the potential importance of subprograms for 
performance improvement, we can review two hypothetical 
cases. The first involves a unit program; the second, a 
modular program. In both cases, someone with clout has 
decided that the performance needs improvement. 

CASE I -- THE UNIT PROGRAM. 

The programmer follows a rational plan: 

Measures performance of unmodified program. 100 CPU units 
are needed for control run. 
Uses past experience to identify probable bottlenecks 
Program changes, all quite valid, to improve performance 
at selected areas 
Measures performance of modified program. 
are needed for test run. 

Now we have a few questions to answer: 

75 CPU units 

Q. Was 25 CPU unit improvement good, fair, or poor? 
A. Can't tell. 

Q. How much of the potential improvement was realized? 
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A. Can't tell. 

Q. Did every change improve performance? A. 
We couldn't make evaluations of each change 
compile cost was too high. 

We don't know. 
because the 

Q. What do we try next? A. Whatever the boss says. 

This would have been so easy had the original changes taken 
us from 100 CPU units to 20. That type of improvement gets 
praised, not questioned. But who said everything was easy? 

CASE II -- THE MODULAR PROGRAM. 

This programmer also follows a rational plan: 

Measures performance of unmodified program. 101 CPU units 
are needed for control run. Usage per module ranges from 
6 to 30 units. 
Decides that most probably payback is in modules C and G 
with 30 and 25 unit loads, respectively 
Uses past experience to decide that module G is most 
likely candidate. 
Program changes to module G 
Measures performance of modified program. B6 CPU units 
are needed for test run. Module G has gone from 25 
units to 10 units. 

This programmer also must answer some questions: 

Q. Was a 15 CPU unit improvement good, fair, or poor? 
A. Quite good. The portion changed showed a 60% (from 25 
units to 10) reduction. 

Q. How much of the potential improvement was realized? 
A. For module G, probably most of it. But we only changed 
25% of the program. 75% still merits evaluation. 

Q. Did every change improve 
probable. 
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Q. What do we try next? A. Module C is a likely candidate 
because it absorbs 30 units during execution. That's more 
than a third of the remaining overhead! 

We may require a number of iterations before we reach the 
point of diminished returns. At least we have a better way 
to tell where we have probably reached it. In addition. we 
have begun to build a body of experience to help us optimize 
our next program more easily. 
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SECTION 2 BIG ITEM CHECKLISTS 

Talking about techniques to use in isolating performance 
problem areas is valuable. Knowing what to do next is 
equally important. This paper will attempt to identify some 
of the most frequent •next steps". 

Sometimes, of course, the "n~xt step" becomes the only step. 
This occurs most of ten when we are called upon to help 
optimize a unit program whose performance is suspect. We 
can't waste time wishing the program could be more easily 
analyzed. After all, if it were easily analyzed, we wouldn't 
have been called in. So we take it as we find it. 

Every experienced performance 
checklist of potential problem 
includes specific techniques found 
the expected benefits for each. 

consultant 
areas. 
helpful in 

has a mental 
This checklist 

the past and 

Each checklist is different. The differences depend upon the 
consultants background. track record, and personal biases. A 
specialist experienced in commercial applications has a 
different checklist from a specialist who has worked with 
technical applications. Similarily, checklists based on 
batch applications will differ from those written for on-line 
systems. 

My background is in commercial applications, both batch and 
on-line. I would like to share part of my checklist with 
you. The sequence is for convenience and continuity; it has 
no priority implications. For each major item, I will 
organize its analysis this way: 

A header visual showing: 

- TASK: The description of the checklist item. 

- PLAN: The proposed corrective action most 
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likely to succeed. 

- GOAL: The expected benefits. 

One or more subordinate visuals showing. 

- Why the item might be degrading performance. 

- Detail examination of the proposed action. 

- Why the proposed action should improve performance. 

TASK: REVIEW SEQUENTIAL 

FILE PROCESSING 

PLAN: REBLOCK FILES 

USE NOBUF 1-0 

GOAL: REDUCE DISC ACTIVITY 

REDUCE CPU CYCLES USED 

Figure 9 

SEQUENTIAL FILE PROCESSING (Figure 9) 

Almost every shop 
sequential files. 

has batch programs that process large 
Quite often they are programs originally 
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written for Brand-X and converted to run on the 3000. They 
frequently run much slower than we think they should. 

We keep reminding ourselves that most commercial applications 
are I-0 bound, not CPU intensive. We begin wondering about 
the power of the 3000 when our uI-0 Bound" programs run at 
close to 100% CPU utilization. It's time we found out why 
this happens. 

TASK: Check out sequential 
volumes, low blocking 
access. 

files looking for high record 
factors, and default file 

PLAN: Increase blocking factors and 
access with nobuf I-0. 

replace default file 

GOAL: Reduce disc activity (blocking factors). Reduce CPU 
load (nobuf I-0). 

I-0 -- BUFFERED vs. NOBUF (Figure 10) 

Those of 
know how 
are set 
to keep 
to us by 

us who learned programming on a Brand-X machine. 
sequential files are processed. A pair of buffers 

up in the program and the physical I-0 system tries 
them full. The logical I-0 system provides records 
indexing through the buffers as I-0 is requested. 

This indexing through internal buffers is extremely efficient. 
Machines using this approach to sequential processing usually 
handle batch processing better than on-line processing. 

Every operating system on every computer is optimized for a 
particular environment. This includes both the internal 
architecture of the I-0 system and the choice of standard 
defaults for its user interface. HP emphasizes on-line 
processing and has designed its I-0 system accordingly. 
Batch processing is performed well but suffers somewhat to 
benefit on-line work. 

On-line processing emphasizes 
retrieval implies retrieval of 
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BUFF vs NOBUF 1-0 

BUFFl 

READ or WRITE 

2.5 - 5 MS/REC BUFF2 

(User must block/deblock) 

READ or WRITE~ FULL BLOCK BUFFER 

4 - 6 MS/BLOCK 

Figure 10 

well-defined location on disc. Knowing a records 
eliminates most of the benefits of large blocking 
Therefor~. HP has set up relatively small default 
factors. These utilize disc space well but are 
comparatively small for batch processing. 

location 
factors. 
blocking 
usually 

On-line processing also requires effective file sharing 
capabilities. Files are quite difficult to share when the 
I-0 system puts the buffer inside programs. HP simplifies 
file sharing by isolating the buffer from the program. This 
is excellent for on-line activities but increases overhead 
when doing batch. 

File buffers reside in 
Logical I-0 requires the 

extra data segments under MPE. 
file system to expend considerable 
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et fort to transfer records back and forth between the user 
This explains the high stack and these extra data segments. 

CPU load during sequential file access. 

Once we know how the defaults in MPE increase overhead in 
batch applications we can make intelligent adjustments. The 
rewards are well worth the effort. In typical cases, we can 
reduce overhead by 70 to 90 percent. 

Blocking factors are easily changed by coding the "REC" 
parameter in the "BUILD" command. I can't tell anyone what 
factors to use but I would probably choose between 7 and 30 
depending on record size. 

Conversion to nobuf 1-0 is not so simple but contributes most 
to CPU load reductions. There are two basic ways to do this: 

Code your routine directly into your program. Although 
this is how I coded my sample program, I prefer the second 
technique. 

Code your 
technique. 

routine in a subprogram. I 
It suits my mode of operation. 

RECORD SORTING (Figure 11) 

pref er this 

Every shop needs sort capabilities. Batch applications are 
particularly heavy users of sorts because they are inherently 
sequence dependent. 

Sorting places heavy demands on the machine. Although we 
cannot reasonably eliminate sorting from our programs, we 
have techniques to reduce their overhead. 

TASK: Review our use of the sort capability in our 
environment. 

PLAN: Avoid file-to-file sorts and the use of the stand­
alone sort subsystem. 
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TASK: REVIEW USE OF 

SORT SUBSYSTEM 

PLAN: A VOID SORT SUBSYSTEM 

A VOID FILE-FILE SOR TS 

GOAL: REDUCE DISC ACTIVITY 

REDUCE CPU CYCLES USED 

Figure 11 

GOAL: Reduce I-0 activity in sort functions. As a secondary 
benefit, reduce CPU load on the system. 

BRUTE FORCE (Figure 12) 

When you had a small machine and tape was your primary 
storage media you learned how to drag data through programs 
using brute force. The standard mode for sorting was to read 
a tape into the sort and write sorted records back to tape. 
Sometimes this had to be done in multiple passes with 
multiple tapes. It wasn't much but it certainly beat loading 
and unloading card hoppers. 

Modern computer systems support and use tape but they rely 
more often on disc for primary storage. Modern programmers 
have also begun to rely on disc. They have finally gotten 
rid of their little drawers full of punched cards. Why, 
then, do they still do their work, particularly their sorts, 
by brute force. 

The stand-alone sort is useful and necessary. It is also a 
resource hog. The I-0 required for a sort is extensive, 
especially when added to the I-0 to read and write output 
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FIRST 
USER 
FILE 

SECOND 
USER 
FILE 

THIRD 
USER 
FILE 

Etc. 

Etc. 

Etc. 

files. 

BRUTE FORCE 

STAND-ALONE 
SORT 

USER WRITTEN 
PROGRAM 

STAND-ALONE 
SORT 

Figure 12 

SORT 
WORK 

FILE 

SORT 
WORK 
FILE 

Disc availability is a prime constraint on performance. 
Sorts. particularly the stand-alone file-to-file sort, eat 
deeply into this availability. In the interest of 
performance we should try to reduce these activities whenever 
practical. 

FANCY BRUTE FORCE (Figure 13) 
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FANCY BRUTE FORCE 

USER 
(COBOL) 

PROGRAM 

SORT ... 

USER 
FILEIN 

! 
SORT-4---M 

USER 
FILEOUT 

USING FILEIN 

GIVING FILEOUT 

Figure 13 

SORT 
WORK 
FILE 

Programmers have learned how to invoke the sort programmati­
cally. They have effectively used this to replace two or 
nore programs and one or more sorts with single programs. 
Then they have held back from using the true capabilities of 
programmatic sort access. 

Programmatic file-to-file sorts are not necessarily bad but 
they usually have a negative effect on performance. They use 
~P disc resources at at least the same rate as stand-alone 
sorts. Except for very small data volumes, programs written 
~ith file-to-file internal sorts usually run slower than the 
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individual programs and sorts they replaced. 

Some shops will not allow programmers to use sort capabili­
ties programmatically. I think they are missing a good 
opportunity by this blanket condemnation. On the other hand. 
if they are only avoiding 0 fancy brute force". they can be 
partially excused. 

VIABLE ALTERNATIVE #1 

RELEASE ... 

(WRITE) 

USER 
(COBOL) 

PROGRAM 

RETURN ... 

(READ) 

SORT ... 

+ 
SOR 

INPUT PROCEDURE ... 

OUTPUT PROCEDURE ... 

Figure 14 

VIABLE ALTERNATIVE #l, DIRECT SORT INTERFACE (Figure 14) 

Programmatic access to the sort subsystem gives 
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programmer many attractive options. Hooks built into the 
sort allow programmers to pass records directly to the sort 
and receive sorted records directly from the sort. This 
capability can be used effectively to improve program 
performance. 

Direct interaction with the sort allows us to avoid disc 
activity. Every time we interact directly with sort we avoid 
two potential ~isc accesses; we have eliminated a read access 
and a write access. This can greatly reduce disc activity. 

We also reduce CPU overhead by talking directly to the sort. 
We get rid of the CPU overhead for the file system to process 
our logical I-0. Unfortunately, there is a price to be paid 
for this ~bility. 

Interaction with the sort requires direct resources other 
than disc I-0 and CPU cycles. The sort needs memory to be 
efficient and that memory comes from the user stack. If our 
stack is too small or the program data is large the internal 
sort may lose its value. It may then become a burden. 

Another limitation of the internal sort is the inability to 
have multiple sorts executing simultaneously. In programs 
with multiple internal sorts we may have to allow some file­
to-file sorts or the logical equivalent. 

VIABLE ALTERNATIVE # 2, PROCESS HANDLING (Figure 15) 

MPE offers us another means to reduce sort overhead. We can 
use process handling as a means to bypass I-0 in sorting 
applications. 

Some shops fear process handling. I wish more of them could 
begin using it to advantage. Perhaps there is too much 
emphasis on the "special" in "special capabilities". What­
ever the reason, many of us look upon process handling as a 
tool only for exceptional cases. We should view it as an 
exceptional tool useful in many applications. 

There is no justification for reserving process handling 
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VIABLE ALTERNATIVE #2 

USER 
PROGRAM 

"BUFFER" 

"BUFFER" 

RELEASE 

RETURN 

USE PROCESS 

HANDLING 

SORT 

Figure 15 

SORT 
WORK 
FILE 

solely for esoteric or multi-threading environments. Process 
handling is perfectly suitable for use in relatively simple, 
single-threaded applications. An obvious use would be in a 
program involving sorts where we can use multiple processes 
to advantage. 

We should examine how sort functions can be accomplished 
using process handling. The concept is similar to the normal 
programmatic sort interface especially if we isolate all 
calls to the process handling intrinsics in a subprogram. 
The rest is simplicity itself. 
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1. The master program initiates sorting by a call to the 
subprogram. The subprogram creates and activates a slave 
program whose job is to sort records. The subprogram 
also creates an extra data segment to use in passing 
blocks of records to the slave. It waits until the slave 
program is ready for work. 

2. The slave begins life by starting up its own internal 

3. 

sort. Its subprogram then wakens the master, in effect 
saying "OK, I'm ready•. It waits for instructions. 

The master sends raw records to the 
Every call to the master subprogram 
passage of a record to the slave. 
an internal buffer with records. 

slave for sorting. 
represents logical 

The subprogram fills 

4. When the subprogram has a full buffer it loads it into 
the extra data segment and wakes the slave, effectively 
saying "OK, give these to sort". It waits until the 
slave has done its work. 

5. The slave retrieves the extra data segment, unloads the 
logical records, and passes them to the sort. When 
finished, it wakes the master, saying "OK, I'm ready for 
more". It waits for more. 

6. Steps 3, 4 and 5 are 
have been sent to the 
"end of data" message 
receive sorted records. 

looped through until all records 
slave. The master then sends an 

to the slave after preparing to 
The master waits now. 

7. The slave receives the •end of data 0 message and lets 
actual sorting begin. When sorted records are available, 
the slave is ready to awaken its master. 

a. The return of sorted records from master to slave is a 
reversal of the process described for sending unsorted 
records from master to slave. 

A sample program is included with this paper to show the 
technique. It does not use subprogram interfaces because I 
wanted to isolate the example in one source file. In real 

19·33 



• life, I would recommend a subprogram. 

This example obviously reduces disc activity. 
other benefits as well. 

It offers 

l. The slave has its own stack which is not loaded with 
application data. The sort can be given plenty of room 
to breathe. The slave can perform actual sorting more 
efficiently than could its master. 

2. The program is no longer limited to having only one sort 
active at any time. Except for the normal constraints of 
MPE, any number of sort slaves may be active at any time. 

As with other alternative techniques, 
extracts a cost. 

process handling 

l. Process handling absorbs CPU overhead. If records are 
not passed back and forth in blocks, the overhead may be 
relatively high. 

2. Multiple processes and their stacks need memory. This 
may cause problems in some cases. Your machine size and 
workload profile are critical decision criteria. 

3. Process handling is not difficult but is more complex 
than the use of standard compiler features. Subprograms 
eliminate this problem once you have the subprograms 
written and tested. 

DATA VALIDATION AND CONVERSION (Figure 16) 

Both batch and on-line programs perform extensive data 
validations and conversions. Quite often these account for a 
high portion of the overhead within a program. 

Validations and conversions come in two basic flavors­
algorithmic and tabulated. 

Algorithmic validations check 
processing ru·le. Check-digit 
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TASK: REVIEW VALIDATIONS 

VIA FILE ACCESS 

PLAN: REPLACE FILES WITH 

PB-RELATIVE CODE 

GOAL: ELIMINATE DISC ACTIVITY 

REDUCE CPU CYCLES USED 

Figure 16 

matches are examples. 

Algorithmic conversions convert data based upon a 
conversion algorithm. Julian to Gregorian data conversion 
is an example. 

Tabulated validations check validity by searching a table 
or file for a "hit". Customer validation through 
attempted retrieval against a data base is an example. 

Tabulated conversions convert data from argument to result 
by searching a table or a file. Converting numeric error 
codes to meaningful error messages is an example. 

Algorithmic techniques and table oriented searches are 
normally efficient but may be difficult to modify and 
maintain. File oriented techniques are easily modified but 
absorb considerable overhead. Performance considerations may 
make file oriented techniques too expensive. 

TASK: Review file oriented validations and conversions. 

PLAN: Replace files with PB-relative code. This normally 
takes the form of a binary search procedure. 
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GOAL: Eliminate disc I-0 completely when possible. 
Significantly reduce CPU overhead. 

FILES vs PB-RELATIVE 

USER FILE I-0 

PROGRAM ' (IMAGE) 

FILE 
or 

DATA 
BASE 

'-. 
HEAVY DISC & HEAVY CPU 

CALL TOA SUBPROGRAM 
USER ....... _,, USING BINARY 

PROGRAM ~ ~ PB-RELATIVE 
SUBPROGRAM SEARCH 

NO DISC & LOW CPU 

Figure 17 

FILES vs PB-RELATIVE (Figure 17) 

Files are frequently used for data validation or code 
expansion in all data processing. We usually use KSAM or 
IMAGE. In either case the disc I-0 is extensive and involves 
considerable overhead. 

In many cases there is no viable alternative to file access. 
Volatile information is ideally suited to randomly accessed 
and maintained file structures. Massive quantities of data 
cannot be economically maintained except on disc media. 

In other cases we may be able to use techniques that require 
little or no disc access. The following are the normal 
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techniques used. 

I. Tables may be hard-coded into storage if the information 
is not too massive and is not volatile. Massive data 
volumes are prohibitive and volative data values create 
maintenance hang-ups. 

2. Volatile tables may be filled at execution time via file 
access. This is impractical for large files and may 
cause excessive overhead in short duration programs. 

3. Values may be hard-coded into program code 
This saves stack but creates maintenance 
volatile values. 

as literals. 
problems for 

4. Data values may be loaded into extra data segments. This 
is especially useful for highly volatile data values in 
transaction processing applications utilizing multi­
threaded process handling. It is a relatively complex 
approach but can be of great use. 

Another available but seldom used technique is to place data 
values into PB-relative code. The ~ode is SPL and the 
internal retrieval is via a binary search. This technique 
has tremendous potential for improving performance. 

I. Disc access is eliminated. 

2. CPU overhead for retrieval is extremely low. 

3. Storage demands are relatively low, particularly if the 
code resides in readily shareable SL segments. 

4. Access is simple since a single call statement is 
sufficient. 

Nothing is free. For all its benefits, PB-relative code has 
many drawbacks. 

I. Dynamic changes cannot be made to PB-relative code. 

2. SPL is a requirement for PB-relative binary access. 
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3. CST table limitations may restrict 
shareable SL files. 

use of easily 

On balance, I strongly recommend PB-relative techniques in 
cases where performance potential is needed. I also 
recommend that they not be applied just because they are 
available. Like many other techniques, its use must be based 
upon its relative value within the application. 

Two example subprograms are included in this paper. One 
demonstrates retrieval of fixed length values; the other, 
variable length. Obviously, either will validate data 
arguments. 

PB-RELATIVE MAINTENANCE (Figure 18) 

A major reason to avoid using PB-relative code for validation 
and conversion purposes is the difficulty it presents .to 
maintenance. The potential benefits cannot, however, be 
ignored. 

Maintenance of tabular data in PB-relative code is not 
trivial but it need not be excessively difficult. The first 
step requires that records be prepared for batch input to a 
maintenance program. This is a common function in all batch 
maintenance applications and should be no problem. 

The actual maintenance run is different depending on how we 
wish to apply the maintenance. There are three primary 
approaches to applying maintenance. 

1. Maintenance data can be converted to CON (constant) 
constructs in SPL. These can be inserted into a skeleton 
program which will be compiled into a USL. This is a 
straight-forward approach but requires multiple steps. 

2. Maintenance data can be applied directly to a generalized 
USL skeleton. This as quite efficient but requires 
considerable knowledge of USL structure. 

3. Maintenance data can be applied directly to either an RL 
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USL 

USL 

SL 
or 
RL 

or an SL. This is even more direct than modifying a USL 
but is probably more difficult. 

We have a fourth technique that I hesitated to put on the 
diagram. We can change the program directly. I left it off 
the diagram because it destroys my credibility with the 
fragile types. 

Program code is not user-alterable during execution. That 
does not keep us from altering files just because they happen 
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to represent programs. There are many things you can do with 
program files if the need arises. Keep your.eyes open for 
opportunities. It's fun. 

TASK: REVIEW IMAGE 

DATA BASES 

PLAN: SIMPLIFY 

STRUCTURE 

GOAL: REDUCE DISC ACTIVITY 

REDUCE CPU CYCLES USED 

Figure 19 

IMAGE DATA BASES (SIMPLIFICATION) (figure 19) 

Commercial applications contain requirements that often lead 
to complex data structures. IMAGE gives us the means to 
control these data structures with reasonable ease. 
Sometimes we forget that what is reasonable for us from a 
design and access point of view may be totally unreasonable 
at the machine performance level. 

Designing paths to detail data set records is a simple task, 
particularly if the path is from an automatic master. The 
desire for rapid random retrieval often justifies this 
structure. 

Using a path from a detail data set to a manual master can 
provide non-programmatic data validation as well as 
potentially rapid retrieval. This capability justifies many 
of our decisions during application and data base design. 
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When performance becomes unsatisfactory we have to revalue 
our decisions. With experience, most of us become •ore 
selective with the facilities we include in our designs. We 
have learned that complex. aesthetically pleasing structures 
may become our white elephants of performance. 

TASK: Review IMAGE data base structures. 

PLAN: Revalue our design with hopes of 
structure without undue impact 
performance. 

GOAL: Reduce disc act1vity and CPU load. 

REDUCE LINKAGE PATHS (Figure 20) 

simplifying the 
on functional 

IMAGE gives excellent performance in random record retrieval. 
This is one of the major reasons why IMAGE has become so 
widely accepted. We appreciate the capability to read detail 
records by multiple key items. Sometimes we get carried away 
in our appreciation and 90 too far. 

Rapid detail access is 
precise record location 
before the record is 
retrieval is paid by the 

achieved using pointers which allow 
These pointers have to be created 

accessible. The price of rapid 
machine when it sets these pointers. 

The majority of the overhead for adding a detail record 
linked to multiple ~asters comes from establishing the 
linkages to those masters. On a dedicated Series III you can 
closely predict that about 7 or 8 linkages can be created or 
deleted per wall second This has tremendous implications 
for performance. 

Adding or deleting a detail linked to 7 masters will take 
about l wall second This is the main reason why IMAGE 
reloads ~nd batch reccrd maintenance programs run relatively 
slowly. With 7 linkage paths per detail you can only expect 
about 4000 adds and deletes per hour. 

Transaction processing is also severely impacted by the 
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Figure 20 

I l. 
MST06 MST07 

maintenance of linkage paths. If a transaction causes 
add1t1ons of 3 records and each has 7 linkage paths you have 
every reason to expect at least a 3 second delay during those 
adds Under normal circumstances when others are sharing the 
machine you should not be surprised with much longer delays. 
This helps explains the following common situation. You can 
supply the interpretation 

Design goals call for 5 second maximum processing time 
delay 

- Testing shows excellent average delays of 3.5 seconds 
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- Initial production delays average a satisfactory 4.5 
seconds 

3 months later the delays are averaging 10 seconds 

- You have a problem. The test cases did not predict the 
realistic performance. 

Worst case performance comes during record modification if a 
search item needs to be changed. This requires a physical 
delete and add. The time for this change is the sum of the 
delete and add times. This type of processing can break the 
back of an application. 

All too often the ability to define multiple paths into 
details seduces us into defining too many paths. Unless the 
path is required or gives a high priority extra capability 
you should think seriously before creating it. 

1. Every path defined has essentially the same cost. 

2. Every path probably does not give the same payback 

3. Is the payback worth the cost? 

4. Will the extra path create the monster called "change = 
delete + add"? 

Limiting the number of linkage will improve performance. 
Consider the case where we go from 7 to 3 linkage paths. 

I. Processing delays will drop from l to about .5 seconds. 

2. Delete and add for change will occur less often and will 
take only half as long. 

3. Delays on a loaded system will probably grow 111Uch less 
and will be less dramatic. 

4. Reloads and batch ~aintenance will be significantly 
faster. 



LIMIT SORTED CHAINS 

SORTED2 

MASTERl MASTER2 

SORTEDl 

ASSUMING NON-TRIVIAL CHAIN LENGTHS 

-- Add/Delete & access of SOR TED2 

MUST BE relatively slow 

-- Add/Delete & access of SORTED! 

MIGHT NOT BE slow 

Figure 21 

LIMIT SORTED CHAINS (Figure 21) 

IMAGE allows details within a logical path to be sorted by 
some other item value. This is a powerful capability which 
may be of use to us. It is also an expensive capability. 

Addition of a detail with a sorted path causes more overhead 
because sort sequence must be maintained. IMAGE starts at 
the logical high end of the chain and follows it backwards 
until it finds the correct logical home for the detail. It 
then links the detail into the logical path and goes about 
its business for the remaining linkage paths. 
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If the detail fits at the logical end of the chain, the added 
overhead is trivial. If sort-item values are random, IMAGE 
must read half through the chain on•average to find a logical 
home. This can be quite expensive. 

Note: Sorted paths can give you unpleasant surprises. 

I. The value sorted extends from the sort item to the end of 
the record. This is the •implied sort". 

2. Additions will use the entire implied sort value. 

3. Any sort before addition should include the full implied 
sort item. Hideous performance can result if this is not 
done. This explains why sort items should usually be at 
the end of a record. 

4. Implied sort sequences can be useful. They are also 
functionally dangerous. IMAGE allows update in place on 
non-sort items. The implied sequence disappears once 
updates are done to fields within the implied sort. 

Defining multiple sorted paths within a detail 
performance degradation. There is no way to 
overhead with multiple sorted paths. 

LIMIT LONG OR VOLATILE CHAINS (Figure 22) 

guarantees 
avoid extra 

The ability to chain logically related records together is a 
necessary function in any Data Base Management System. This 
function is designed with relatively short logical chains in 
mind. It is not meant to be abused. 

A good logical chain usually maintains relationships based 
upon important data items. They are designed to preserve 
solid logical relationships among records. 

I. Customer identities linked to their orders. 

2. Line items within an order linked to an order header. 
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LIMIT LONG/VOLATILE CHAINS 

Activity 
Date 

OMPLIN 

AST02 ASTO Record 
Status 

ctivity Record 
Date Status 

CHANGING Activity Date or Record Status 

Requires Delete/ Add of COMPLINK 

Needs only in-place update of SIMPLINK 

Figure 22 

3. Order line items linked to inventory status records. 

4. Inventory status records linked to open purchase orders. 

5. Purchase orders linked to responsible vendors. 

A poor logical chain usually attempts to maintain 
relationships which are relatively less important. They are 
often designed to try to create artificial order out of 
inherent chaos. Even worse, they may exist simply because 
the capability to create them is provided. 

1. Personnel records linked to employee sex. 

2. Invoice records linked to invoice status. 
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3. Student records linked to grade values. 

4. Inventory records linked to last activity dates. 

Another form of poor chain would be the case where the search 
value is volatile. Every time the value changes, a complete 
delete/add must be done. This can be very expensive. 

My generalized definition of a poor logical 
upon present technology. A poor chain is 
exceeds its value. When technology 
sufficiently, I will change my definition. 

chain is based 
one whose cost 

reduces cost 

The definition of a poor chain is also not absolute. If your 
application benefits more from a chain than it spends to have 
the chain, the chain is good. Good and bad are merely a 
comparison of relative gain to relative cost. 

TASK: REVIEW IMAGE 

DATA BASES 

PLAN: COMPLICATE 

STRUCTURE 

GOAL: REDUCE DISC ACTIVITY ~ 

REDUCE CPU CYCLES USED 

INCREASE CAPABILITIES 

Figure 23 

IMAGE DATA BASES (COMPLICATION) (Figure 23) 

Simple IMAGE data base structures generally absorb less 
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overhead per function than do complex structure$. This leads 
us to avoid complex structures to maintain good performance. 
Sometimes, however. the simple structure becomes a burden and 
causes unacceptable performance for some required application 
functions. 

Overall performance within an application is a complex 
entity. Each function performed carries an inherent overhead 
based upon the function, how often it is performed, and the 
structure of the data base it accesses. Simple structures 
can degrade performance if they fail to permit efficient 
processing of frequently required functions. 

Relatively complex structures 
if the structure matches 
structures, while inherently 
performance if they do not 
cannot judge nor can we design 
knowledge of the application. 

may benefit overall performance 
the intended use. Simple 
more efficient, may degrade 
satisfy the application. We 
a data base without extensive 

We may fi~d that our application cannot be serviced 
satisfactorily without complicating our data base. With 
proper planning we may be able to use complexity to our 
advantage to improve both functional and overall performance. 

TASK: Review IF1AGE data base structures. 

PLAN: 

GOAL: 

Revalue our 
application 

design based 
and try to 

upon our knowledge of the 
find places where a more 

comple~ structure can improve performance. 

Selectively increase complexity 
application overhead go down when 
functions. 

to make our 
performing required 

SELECTIVE CONSTRUCTIVE ABUSE (Figure 24) 

Simple data structures are normally preferable to complex 
structures. Chains should usually be avoided where data 
volatility is a problem. But you can throw out any 
generalized rule if it serves you poorly. 
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SELECTIVE CONSTRUCTIVE ABUSE 

Special 
status 

OMPLIN 

ASTO ASTO 

Special SIMPLINK 
status 

COMPLINK may be more effecient 

than SIMPLINK if: 

-- Special status is relatively stable 

- Relatively few special status records 

- Heavy batch serial ac.::ess 

Figure 24 

Every application is different. Its success depends ~uch 
more on how well you have made it perform in the eyes of ycur 
users than on how well you have applied standard techniques 
and principles. 

Sometimes you do everything •right• and create a performan:e 
dog. Yqu may be stuck in the a lose-lose position. 

1 : Your application 
Performance is 
processing. 

has two obviously good linkage paths 
acceptable for all transaction 
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2. Nightly batch exception reporting is horrendous You 
can't get your special status reports finished by 8:00 
A.M. 

3. You establish a linkage allowing direct access by status. 
Note: You're lucky you didn't blow chain length limits. 

4. Your nightly exception reporting is now a piece of cake. 

5. You have a new problem Transaction orocess1n9 is dying. 
The extra chain and its volatility are eating resources 
alive. 

6. Now what? 

The time has come to revalue your position Your thought and 
action process might go like this 

1. I can only get batch efficiency using the complexity of 
an added linkage path. 

2. I can only get transaction processing efficiency with a 
simple structure. 

3. Maybe if I combine the two structures I can have the best 
of both worlds. I'll try a more comolex physical 
structure that I can look at from two logical directions. 

4. For my normal records I'll have a detail linked by the 
normal two linkages. As long as the status isn't really 
special I'll treat it as just another field. 

5. For my special records, those with very special status 
codes, I'll design another detail linked to status. 

6. With rare exceptions, my transaction processing will run 
well just like it did before. 

7. My batch exception reports will be printed on time. 

8. I think I've got it! 
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You have abused the data base by making it much more complex. 
You have been selective in matching your changes to your 
application. You have been constructive - your application 
now performs properly. 

There are times to follow accepted rules and there are times 
to write your own rules. The only real problem is knowing 
when to do which. 

USE SORTED CHAINS 

ACCOUNT SUBACCT 

MDETL 

SORTED CHAINS MAY BE VERY 

USEFUL/EFFICIENT FOR 

- "MASTER" detail data 

-- non-volatile data 

Figure 25 

USE SORTED CHAINS (Figure 25) 

Sorted chains are powerful tools and carry with them high 
potential overhead burdens. We should use them carefully but 
we should not be afraid of them. 

Many data base designs could improve functionally if we 
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designed them with sorted chains. We avoid most potential 
uses because they will perform poorly. Certain cases will 
perform extremely well. 

1. The detail sets are pure linkage sets: they merely serve 
to define ordered paths between masters. 

2. The detail sets are •master• type details. They 
represent, for example, what might be considered a master 
record in an indexed file environment. 

3. The data in question is stable. 

This structure is extremely useful for keeping master 
implosion and explosion chains. In an accounting applica­
tion, they can allow us to explode an account number into 
sorted sub-account to account. 

CONSIDER Ca-IPLEX SORT STRUCTURES (Figure 26) 

Sorted chains and complex structures 
performance bottlenecks. Functional 
their use. 

are both potential 
necessity may require 

IMAGE is not designed to give logically sequential access of 
master data sets. Indexed file structures provide logical 
sequential access but lack most of the capabilities of IMAGE. 
We're in that potential lose-lose situation again if we need 
IMAGE capabilities and have to have logical sequential 
access. 

Some programmers solve this problem by maintaining dual data 
structures. They create the normal IMAGE data base and keep 
a separate KSAM file to contain key values extracted from 
their IMAGE master sets. It works well for most of them. 

Other programmers attack the problem by setting out to 
emulate index type structures within IMAGE. I like this 
approach because it seems more fun to work with and it keeps 
everything in IMAGE. Once you define the master you follow 
this basic plan. 
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COMPLEX SOR TED CHAINS 

SORTED 
LINK 

-- short interval generics 

DETAIL 
DATA 

-- limited next/prev access 

-- needs program control 

(use SUBPROGRAM!) 

-- can kill your application 

Figure 26 

1. Define a path to a detail which links your master to your 
index emulation sets. This detail is optionally sorted 
by master value on the linkage path coming from the index 
emulators. 

2. Define a detail index set to hold linkages between par­
tial keys. This set links to your interface linkage 
detail and has two linkages to a detail linkage set. 

3. Define a detail index set to hold linkages between 
partial keys in the master index set. One path is sorted 
to point to lower level (longer) partial keys. A second 
optional sorted path allows reversal in sequence. 

4. A partial key of null values starts your emulated index. 

5. The rest of the index structure contains gradually longer 
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partial keys. The common increment is two characters. 

Index emulation has both good and bad points. 
own choices since you pay the bills. 

1. Short interval generics become possible. 

You make your 

2. Limited next/previous record capabilities are available. 
If you try to process the data base purely sequentially 
you will probably regret your decision. 

3. This technique requires extensive programmatic control. 
I suggest a canned subprogram. 

4. You may be tempted too much by logical sequential access. 
Remember that physical access will actually be totally 
random and expensive. 

5. Your application may die. 

TASK: REVIEW TP FUNCTION 

TRANSFER DELAYS 

PLAN: ELIMINATE TRANSFERS 

A VOID BUILD/WRECK 

GOAL: REDUCE OVERHEAD 

REDUCE DELAYS 

Figure 27 

FUNCTION TO FUNCTION TRANSFER DELAYS (Figure 27) 

Batch processing applications tend to isolate functionally 
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similar records into groups (often as physical "batches") and 
pass them as a unit through a program or program stream. 
Pure transaction processing applications, on the other hand, 
provide users the ability to enter virtually any transaction 
with assurance that processing resources will be available. 
In theory, no transaction can be predicted before the user 
presents it to the application. 

No matter how well we process a transaction, we are Judged 
harshly if we take too long getting ready to process it. A 
beautifully performing program gives poor performance if it 
takes too long to begin executing. Our users will 
justifiably demand rapid transition between functions. 

Transfers from one function to another can also involve 
considerable overhead. If this overhead is too high the 
machine can become so bogged down it has little left for its 
true job, processing transactions. Successful applications 
spend their resources processing, not getting ready to 
process. 

We usually test programs for their ability to process 
transactions efficiently. We often forget that much more 
than efficient programs is needed for effective applications. 
We have to be concerned with function to function transfers 
if we expect success. 

TASK: Review function-to-function transfers. 

PLAN: Try to eliminate transfers 
transfers cannot be eliminated, 
cost by reducing their overhead. 

if possible. When 
try to reduce their 

GOAL: Reduce system overhead in general. Reduce transfer 
delays to improve user perception of performance. 

MAGNIFICENT MASOCHISM (Figure 28) 

Transaction 
Demands for 
the limit. 

processing applications 
extreme flexibility stretch 

Process handling is an 
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MAGNIFICENT MASOCHISM 
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/ f WAKE IMAGE 

~:~: ;~;~~TIV A TE [PROCESS ~N 
TRANSACTION 

WAKE V/3000 
J SHUT IMAGE ---- SHUT V/3000 

POWERFUL, VALUABLE TOOL 

HOWEVER 

N = 1 Tremendous overhead 

N = few Not terrible 

N =many Not really too bad 

Figure 28 

technique often used to help simplify a complex situation. 
It can be quite effective in the proper circumstances and can 
beat the machine senseless when misused. 

Most users have plenty to keep them busy. They justifiably 
require the simplest possible interface between themselves 
and the machine. Most commercial software packages are menu 
driven to help win acceptance in the market. 

Menu driven applications are easy to design and document. 
They can also be reasonably simple to program and test. 
Their biggest potential problem is a tendency toward tedious 
maintenance and relatively poor performance. 

Modular programming techniques reduce the difficulty of 
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maintenance. The most modular technique involves isolating 
individual or similar functions in separate programs which 
can be controlled using process handling. A selection of a 
menu item triggers a programmatic execution of the 
appropriate program. In effect. the menu program issues 
predefined "run• commands which are functionally invisible to 
the user. 

Function invisibility is not true invisibility. The user 
sees the execution of the internal "run• as a delay in 
processing. There is considerable overhead associated with 
both starting and stopping a program. The overhead to 
execute a normal transaction is usually much less than the 
overhead spent invoking its program. 

When the selected program will execute numerous transactions 
before returning to the menu the overhead burden may be quite 
acceptable. As the number of transactions per execution gets 
smaller, the overhead becomes objectionable. If the design 
calls for only 1 transaction per execution the application is 
potentially terminally ill. 

A standard technique to allow flexibility without tremendous 
overhead is to keep a program alive after it has been 
invoked. Process handling allows reactivation of a suspended 
program (process) with minimum overhead and delay. V/3000 
processing may create some problems, however, and the limit 
on the number of processes alive within MPE may curtail your 
ability to use this technique. 

VIABLE ALTERNATIVE (figure 29) 

Some programs promise so much power and flexibility that it 
is impossible to avoid some performance loss. With 
intelligent programming we can minimize the loss. 

Subprograms allow almost as much flexibility as process 
handling and usually require less overhead. Critical values 
such as IMAGE and V/3000 control areas can be passed as 
parameters from caller to callee. A standard technique 
involves defining a single data area containing the most 
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VIABLE ALTERNATIVE 

START 

WAKE V/3000 

WAKE IMAGE 

C PROCESS MENU 

ISSUE CALL llli , SUBPROGRAM 

SHUT IMAGE 

SHUT V/3000 

EOJ 

(DYNAMIC?) 

Pass IMAGE DBNAME, DBSTATUS, and 

V /3000 CONTROL as 

Parameter(s) 

Figure 29 

common data and passing it to all subprograms as a single 
parameter. 

Stack sizes may be a limit on the use of subprograms. 
Dynamic subprograms can help control stack size but must be 
used carefully to avoid excessive overhead of their own. 
Excessively large stacks inhibit performance and so can 
excessive stack expansion, contraction, and initialization. 

Dynamic subprograms also limit capabilities of the sub­
program. Values kept in local storage is lost when you exit 
the subprogram. If files are opened they must be closed 
before you exit. More care is needed when you decide to make 
an existing subprogram dynamic than when you originally 
design it to be dynamic. 
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TASK: REVIEW TP 

PROCESSING DELAYS 

PLAN: SPLIT PROCESSING 

OVERLAP PROCESSING 

GOAL: IMPROVE RESPONSE 

TO USER 

Figure 30 

PROCESSING DELAYS (Figure 30) 

Processing the actual transaction data is the eventual goal 
of transaction processing. The time taken for processing 
ranges from a very small percentage of the total transaction 
time to a very large percentage. When the percentage is too 
large we have to try to reduce it to a more acceptable level. 

Processing 
validation 

normally 
and data 

breaks down into two 
storage or retrieval. 

phases, data 
Either or both 

phases may require extensive disc access with corresponding 
overhead. 

Assuming overhead has already been minimized, there is 
virtually no way to do anything with the data validation 
phase. If we expect to reduce processing delays, we can make 
improvements only in the storage or retrieval phase. 

MPE contains easily implemented techniques that allow us to 
improve performance as perceived by the user. Improvement in 
perceived performance will not reduce machine overhead and 
may in fact increase it. In the final analysis, though, 
increased machine overhead is meaningless so long as the 
user, the authoritative judge of performance. sees 
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improvement. 

TASK: Review processing delays. 

PLAN: Evaluate data storage 
excessive, attempt to 
or eliminate them. 

and retrieval delays. When 
use MPE capabilities to reduce 

GOAL: Improve perceived performance as measured by the user. 

~ 

SPLIT ACCESS IN 

DATA ENTRY 

t 
VGETBUFFER VGETBUFFER 

VALIDATE VALIDATE 

PUT AW A Y x VSHOWFORM 

VSHOWFORM PUT AW A Y 

VREADFIELDS VREADFIELDS 

. J l 

CAN REALLY IMPROVE USER 

PERCEPTION OF PERFOR\fANCE 

Figure 31 

SPLIT ACCESS IN DATA ENTRY (Figure 31) 

Performance as perceived by the user is or probably should be 
our primary concern in transaction processing. This is most 
critical in data entry applications where uniform response 
helps set up a work rhythm. 

19-60 



Data entry may involve one or many screens 
transaction. Multi-screen transactions usually 
hardware advances such as the ability to 
downloaded to the terminal. Single screen 
performance can be influenced by programming. 

per logical 
benefit from 
use screens 
transaction 

Screen data is usually validated and then stored on disc. 
When the storage is in a data base the overhead for storage 
may take much time. This time is usually the major contri­
butor to delays in processing functions in data entry. 

V/3000 can be used to reduce the delays in data entry. Once 
you have validated the screen and are certain that only a 
catastrophic failure could keep you from storing the record, 
you can return the screen to the user for entry of the next 
record. While the user fills the next screen. you put away 
your record. 

No data will be lost if t~e record is not stored before the 
user hits the enter key or a soft key. These attempted 
transmissions will be ignored until the program issues a 
read. In all but a few special cases the validated record 
will be stoted well before the user has submitted the next 
screen. 

This technique will not reduce overhead or performance of 
individual functions within the program. Responsiveness to 
the user. however, will be improved. The degree of 
improvement is proportionate to the amount of work being done 
parallel to the next transaction think time. An additional 
benefit is that response will become somewhat less dependant 
upon overall system load. 

PROCESS HANDLING IN DATA Il\QUIRY (Figure 32) 

Application programs often have only the simple capability to 
allow user data inquiry. These programs must perform well 
but users expect and usually tolerate reasonable response 
delays. When the data inquiry is part of a larger function 
those delays must be minimized. 
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PROCESS HANDLING IN 

DA TA INQUIRY 

VGETJUFFER VGETtUFFER 

VAUD-\TE VALIDATE 

GET RESPONSE TO SLAVE t 
NEW SCREEN NEW SCREEN GET 

VPUTBUFFER VS~OWFORM ~NSE 

VSHO\JFORM FROM SLAVE 

VPUTBUFFER 

VSHO_JFORM 

- Not with downloaded forms 

- Not with same form 

- lni:reases overhead 

- Not for trivial responses 

Figure 32 

Programs which update existing records have characteristics 
of both data entry and inquiry. The inquiry part can be a 
major performance bottleneck. This is quite common since 
update programs often must retrieve multiple records even 
though only one may actually be subject to change. 

Additional delays are built into such programs if the 
modifiable response must be displayed on a new screen. User 
patience is severely tested in many applications because we 
program se~ially 

1. We read the request and validate its content. We hit the 
screen fast if we find errors. 

2. We are not so friendly with good input. The user must 
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wait for us to access our data bases to build a reply. 
Their reward for good input is the chance to watch a 
cursor blink. 

3. We finally respond by sending out a new screen and allow 
user modification. 

4. We satisfy user function but we do it in slow. easy 
steps. 

make a program coth more 
We can perform critical time 
that delays visible to the 

Process handling can be used to 
responsive and more friendly. 
consuming steps in parallel so 
program can be invisible to the user. 

1. We read requests and handle errors as usual. 

2. For good input we immediately send a •please retrieve 
this data• message to a slave process we have created. 
The slave was waiting patiently since its only job is to 
retrieve records from data bases. 

3. While the slave gathers records we paint the response 
screen. This is a friendly act. Our response to good 
input is probably only a fraction of a second slower than 
a response to bad input. 

4. The faster parallel function waits for the slower to 
finish. We then retrieve the response buffer from the 
slave and write it to the screen. 

5. Except for a short time needed for process to process 
communication we have reduced user delay to the delay 
of the longer parallel process. Even more important, 
we have become responsive to our users. 

This technique is valuable because it improves performance 
within a technologically limited environment. Changes in 
technology could make it less valuable or even useless. 
For example, this techntque has no benefit when screens 
have been downloaded to the terminal since that technology 
has already eliminated screen painting delays. 
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We also would not use this technique for trivial responses 
which take little time to prepare. Process handling 
absorbs overheads and may not always be cost effective. 

TASK: REVIEW V /3000 

FORM PROCESSING 

PLAN: RESEQUENCE FUNCTIONS 

DEFER/DROP FUNCTIONS 

GOAL: IMPROVE RESPONSE 

REDUCE OVERHEAD 

Figure 33 

V/3000 FUNCTIONAL SEQUENCING (Figure 33) 

Your application defines the V/3000 screens you and your 
users create for the person to machine interface. Although 
physical screen design may be critically important to per­
formance it is too broad a subject for this paper. We'll 
have to assume you've already designed satisfactory screens. 

After the screen has been filled, the programmer can begin to 
manage the processing of the input. Application requirements 
and V/3000 protocols must be satisfied but the programmer has 
many options. Some of these options can greatly influence 
performance. 

Application requirements must be met. The programmer should 
interpret these requirements, however, to see if they can be 
resequenced more efficiently in the program. Resequencing 
internal events of ten changes performance. 
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V/3000 protocols must also be satisfied. The V/3000 docu­
mentation defines a hierarchy among the V/3000 intrinsics and 
among the functions performed for us by the V/3000 edits. 
That hierarchy is also open to programmer interpretation. We 
may be able to improve performance by changing our use of the 
V/3000 intrinsics. 

TASK: Review V/3000 form processing 

PLAN: Resequence functions selectively, defer functions when 
practical. drop functions where possible 

GOAL: Improve performance within the program 
perceived by the user. 

SOFT KEYS AND SELECTIVE EDITING (Figure 34) 

and as 

Dumb terminals and unsophisticated terminal 1-0 limit trans­
action processing. Intelligent terminals and more 
sophisticated terminal 1-0"interfaces remove many of these 
limitations. We may also have to become more intelligent and 
sophisticated to more fully utilize our better tools. 

Soft keys were among the first improvements as terminals 
began evolving from absolute dumb to somewhat smart. We take 
them for granted and use them for standard functions such as 
"exit" or "refresh". Few of us are using them fully. This 
paper cannot attempt to cover this topic but we can justify 
looking at a frequently overlooked usage. 

Many applications could flow more smoothly if soft keys could 
be used to trigger processing functions and if screen 
information could also be available for processing. A common 
design technique is to require the user to hit the function 
defining soft key and then hit "enter• to transmit the 
buffer. This works but it is neither sophisticated nor 
friendly. 

V/3000 can work with the terminal to allow reading the screen 
after a soft key. We can trigger this function, called auto­
read, any time we wish using a simple subprogram or any other 
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USE SOFT-KEYS 

AND SELECTIVE EDITING 

SOFT-KEYS 

VSHOl.,FORM 

VREADFIELDS 

SOFT-KEY?---., 

NORMAL 

VSHOtFORM 

VREADFIELDS 

VFIELDEDITS 

SEL EDITS 

VSHOl,FORM 

VREADFIELDS 

VGETBUFFER 

etcj VGETBUFFER TRANS-CODE?-

TRANS-CODE?...., VFIELDEDITS 

PROCESS VGETBUFFER 

etc.J PROCESS 

+ etcJ 

-- Combination of above can give 

much smoother flow 

-- Autoread after soft-keys 

may be valuable 

Figure 34 

' 

technique to set the autoread bit in the V/3000 common area. 
Autoread can help make an application run more smoothly and 
be more friendly. That qualifies as a performance 
improvement. 

Another facility we often ignore is the ability to edit data 
selectively. V/3000 documentation implies that screen edits 
must preceed program edits. This is a valid standard for 
most cases but it may not fit comfortably into all 
situations. Fortunately, the implied sequence is not 
mandatory. 

When we assume that all screen edits must be done before any 
program edits we may be painting ourselves into a corner. 
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Why, for example, should we edit an order quantity when the 
ordered item is an invalid product. A standard workaround is 
to avoid V/3000 edits in favor of program edits. Like many 
workarounds, it works but denies us access to a useful 
subsystem capability. 

We can sometimes "have our cake and eat it too 0 if we become 
more flexible. Consider the following sequence of events 
that uses full V/3000 field edits but allows program 
intervention at a critical point. This is only a simplified 
example of sequence editing. 

1. Read the screen normally using VSHO\.IFORM and VREADFIELDS 

2. Don't edit the screen yet. Issue a call to VGETBUFFER so 
you can check a critical field in your program 

3. If the critical field fails a test, give the screen back 
with an appropriate message 

4. If the critical field is acceptable, go back to unormal 0 

processing. Issue calls to VFIELDEDITS, etc. 

5. You have it made. You get program control at a critical 
stage and you use V/3000 for less critical work. 

DEFER OR DROP PROCESSING (Figure 35) 

V/3000 gives us much power with 
When used sensibly, V/3000 
programmer and the user. When 

little programming effort. 
can be good for both the 

used only from the programmers 
point of view, V/3000 can be a nuisance to the user. 

V/3000 gives us three standard processing phases. The 
initialization phase is relatively little used and causes few 
problems. We seldom use the edit and finish phases 
absolutely wrong but we often cause excessive overhead and 
user aggrevation. 

Unless there is some special requirements in an application, 
some edit functions should never be considered in the edi~ 
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DEFER/DROP PROCESSING 

DROP AS FOUND DEFER 

IN 7:204 ... IN 7:204 ... IN 7:204 ... 

FINISH JUSTIFY RIGHT FINISH 

JUSTIFY RIGHT FILL LEADING 11011 JUSTIFY RIGHT 

FILL LEADING 11011 

ZERO FILL IT WORKS~ WHY NOT WAIT? 

NOT ALWAYS A VOID "JIGGLING" 

NEEDED 

Figure 35 

phase. Whenever we justify or fill a field in an edit phase 
statement we are performing a potentially wasted function. 
Even more important, why should we run the risk of having to 
rewrite a valid field just because we have altered its form? 
Users object to excessive screen "jiggling•. 

We have done only part of our job when we isolate functions 
within logical V/3000 phases. Whenever possible we should 
avoid the finish phase until we fully accepted the screen. 
We waste overhead and risk "jiggling" when we perform this 
work prior to full screen acceptance. 

Some functions can be dropped entirely. Until the machine or 
operating system are changed, we do not have to fill leading 
blanks with zeros in numeric fields. The machine treats 
leading blanks as zeros and allows us to drop the fill 
function if absolutely necessary for performance. 

INTRINSICS AND LANGUAGES (Figure 36) 
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TASK: REVIEW USE OF 

INTRINSICS & LANGUAGES 

PLAN: UTILIZE GOOD POINTS 

A VOID BAD POINTS 

GOAL: IMPROVEPERFORMANCE 

A VOID NON-PERFORMANCE 

Figure 36 

Most programmers prefer a particular language and are 
proficient in it. In the average application the choice of 
languages will not determine program performance. We cannot 
guarantee that any one language is inherently better than 
another in all possible applications. 

We also know that the average application of ten requires 
specific functions that may not be available in our language 
of choice. If we work in a multi-lingual shop we may be able 
to have a special subprogram written in a language that 
supplies that function. If our shop is single language we 
either avoid special functions or devise emulation techniques 
of some sort. 

MPE assists all of us by providing intrinsics for many 
special functions. Many functions not built into a compiler 
may be available through an intrinsic. This can simplify our 
programming and make our jobs much easier. 

Somehow we will find ways to get our programs running. All 
too often we immediately have to find a way to get them 
running more efficiently. Part of that may require a revalu­
ation of how we have used our languages and the intrinsics. 
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TASK: Reviews use of languages and intrinsics 

PLAN: Use strengths of each and try to avoid weaknesses 

GOAL: Improve performance. Of utmost importance, avoid 
non-performance. 

PROVIDE: 

NOT ALWAYS: 

INTRINSICS 

CAP ABILITIES 

CONVENIENCE 

UNIFORMITY 

MOST SPEED 

MOST EFFICIENCY 

FOR SIMILAR UTILITARIAN 

FUNCTIONS, COMPILER 

ROUTINES USUALLY 

BEAT INTRINSICS 

Figure 37 

INTRINSICS (Figure 37) 

Intrinsics are powerful generalized routines provided with 
MPE. Some allow limited access to highly specialized 
functions and others give standardized access to common 
utility functions. 

Intrinsics offer the only access to many functions not 
available unless you program at the machine instruction level 
and execute in privileged mode. Access to I-0. for example, 
is only available through the intrinsics. Compiler library 
modules invoked by the compilers eventually call intrinsics 
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for all file access. 

through the 
are invoked 

Program-

All "special capabilities• are available only 
intrinsics. Process handling and data management 
using a relatively small subset of the intrinsics. 
matic communication betwee~ computers is handled in 
fashion. 

similar 

Intrinsics also provide convenient access to many utilitarian 
functions .. Binary to Ascii and Ascii to Binary conversions 
are common examples. Serial table searches and character 
transformations ar·e also available. 

Specific parameter format and sequence requirements guarantee 
uniformity. Except for individual compiler conventions and 
limitations, once you learn to use an intrinsic in one 
language you should be able to use it in all languages. 

SPL comes closest to accessing intrinsics in strict 
conformance with their documentation. All other languages 
provide higher level interfaces to one degree or another. 

Intrinsics are carefully coded and function efficiently. 
They are also highly generalized. This generalization leads 
to relatively high internal overhead. The intrinsic may 
expend a good portion of its efforts isolating the particular 
subfunction it is being asked to perform. 

Intrinsics will generally be marginally more efficient for 
file manipulation than the corresponding compiler modules. 
The difference is slight and seldom justifies the required 
attention to minute detail. This generalization is meaning­
less when we use the intrinsics to reach capabilities not 
available within a particular language. 

Compiler routines 
more efficiently 
Even when the 
intrinsic it will 

usually handle discrete data manipulations 
than would the corresponding intrinsic. 

compiler routine internally invokes an 
not be meaningfully degraded. 

Arithmetic functions are particularly well handled by 
compiler routines. Many of these routines generate highly 
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efficient machine code. The COBOL compiler 
decimal instructions extensively and is 
efficient in handling numeric data. 

LANGUAGES 

FORTRAN: -- IF MOST FAMILIAR 

--ACCESS TO FLOATING POINT 

-- MASSIVE BINARY DAT A 

-- MACRO AVAILABILITIES 

uses packed 
surprisingly 

SPL: --ACCESS TO MACHINE INSTRUCT 

-- BIT /BYTE/WORD MANIPULATIONS 

COBOL: -- ASCII NUMERIC DAT A 

-- PACKED DECIMAL DAT A 

-- FILE/RECORD/FIELD HANDLING 

Figure 38 

LANGUAGES (Figure 38) 

No language is perfect. Each has its special strengths and 
weaknesses. A language should be evaluated according to how 
it fits into the application environment. 

FORTRAN is an established language with many strong 
supporters. Programmers either love it or hate it. Either 
way, there are times when it should probably be your language 
of choice. 

1. If FORTRAN is most familiar to you, why not use it? Most 
of us usually produce better work when we work with a 
known Quantity. 

2. FORTRAN offers excellent high-level access to floating 
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point arithmetic. 
and often virtually 
often used to write 
languages. 

This is a major strength of FORTRAN 
necessitates its use. FORTRAN is 
subprograms accessible from other 

3. FORTRAN works very close to the machine when doing binary 
arithmetic. Massive calculations with binary data often 
justify FORTRAN for performance reasons. 

4. FORTRAN includes many high-level macro constructs. These 
may make FORTRAN more useful than other languages. 

5. Unfortunately, FORTRAN performs poorly with Ascii numeric 
data and in its current implementation cannot handle 
packed decimal numerics. Since these data formats are 
used extensively in commercial applications, FORTRAN is 
usually a poor choice there. 

SPL is the lowest level language on the HP3000. As such, it 
is potentially the most efficient. It is also relatively 
tedious compared to most high-level languages. 

1. Although SPL is potentially more efficient than any other 
languages it will probably not improve performance enough 
to justify wholesale use in commercial applications. 
Higher level languages are simply better suited for 
general purpose use. 

2. SPL usually fits in best when used 
specialized subprograms. Some functions 
handled well by high-level languages. 

for writing 
are simply not 

3. Machine instructions can be reached in SPL. This is 
particularly valuable for string and bit manipulations. 

4. SPL is most suited for work with low level data. It 
works especially well at the word level and below. SPL 
handles records and fields well but the source code tends 
to become cumbersome and difficult to maintain in large 
programs. 

COBOL is the most widely used high-level commercial language. 
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Most programmers hate COBOL, some grudingly accept it, and 
almost none will publicly admit a preference for it. For all 
its faults it remains the language of choice in most shops. 

1. COBOL has a reputation as an inefficient language. COBOL 
is definitely not the most efficient language but its 
wide use implies acceptable performance. There is little 
question that it is highly effective. 

2. COBOL is quite efficient in handling numeric Ascii data. 
Ascii numeric functions are performed using packed 
decimal arithmetic. Conversions between Ascii and packed 
decimal data are done efficiently by native machine 
instructions. 

3. Packed decimal data is a standard data format in COBOL 
under MPE. The ability to deal with packed numerics is a 
definite advantage for conversions or interfaces with the 
best known Brand-X computer. 

4. COBOL is a high-level language designed to be effective 
with high-level data. It is most powerful when used to 
process files, records within files, and fields within 
records. This is probably the main reason for its wide 
acceptance. 
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SECTION 3 MIXED BAG 

NITS (USUALLY) 

WHY: - Retest functions in subprograms? 

-- Pass long/short parameter lists? 

-- Nibble at extra data segments? 

- Use absolute values? 

- Use abnormal data formats? 

- Parse in COBOL or FORTRAN? 

-- Initialize tables with loops? 

-- Waste stack flagrantly? 

- Save most of nothing? 

Figure 39 

NITS (USUALLY) (Figure 39) 

We concern ourselves too much with minor programming 
considerations. They usually influence performance only 
slightly. That is not justification-. howe\fttr, for-us to code 
inefficiently. 

1. Unless we are writing highly generalized subprograms we 
probably was.te overhead retesting functions. We know why 
we call a subprogram. ln most cases we would be more 
&f ficient _by writing subprograas with multiple entry 
points. This avoids retesting to identify our request 
and also results in more readable prograas. 

2. Many words have been written about the effect of 
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parameter lists on subprogram efficiency. Long parameter 
lists are less efficient than short ones. On the other 
hand, artifically short lists are eventually less 
efficient if we waste CPU power loading and unloading 
common control areas. How we enter a subprogram is 
probably meaningless unless we are doing very little work 
within the subprogram. 

3. Extra data segements have many uses. They can be used 
quite efficiently but not without added overhead. 
Whenever data must be moved to or from an extra data 
segment we should move as much as practical per access. 
Moving a single word twice costs about the same as moving 
over 1000 words once. 

4. Absolute numeric values are often needed. They cause 
extra overhead, however, when used in calculations. 
especially when the result of the calculation is an 
absolute value. Absolute values force the compiler to 
generate extra code to guarantee proper results. 

5. Packed decimal data has a natural format containing an 
odd number of numeric digits, each taking up one 4 bit 
nibble. These plus a 4 bit numeric sign fills complete 
bytes. If you specify an even number of decimal digits 
fQr packed data you force the compiler to do extra work 
controlling the low order nibble. 

6. Character strings are best parsed by specialized routines 
which utilize special machine instructions. These 
routines may be designed directly into a compiler or are 
easily written in SPL. Complex byte manipulations and 
loop constructs written in highlevel languages are 
inefficient and should be avoided in most cases. 

7. Tables are often initialized using a program loop which 
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indexes through the table depositing values along the 
way. This is relatively inefficient and cumbersome. You 
can save overhead by filling only the first entry and 
then performing an overlapping move into the rest of the 
table. 

8. Stack space is valuable and should be used with care. 
Program-directed literals save the stack area needed for 
valued data elements. But programmers often value 
documentation over stack_ Even so. using a 132 character 
data element full of spaces to clear a print record is 
intolerable flagrant waste. 

9. Programmers should be efficient but they have to be 
reasonable first. There is no way we can justify spend­
ing time optimizing a small inefficiency when the same 
effort could be more productive elsewhere. Inefficient 
coding in insignificant routines does not make 
inefficient programs. 

DON'T_ BUT ... 

DON'T Believe everything 

BUT Believe something 

DON'T Challenge everything 

BUT Challenge something 

DON'T Optimize everything 

BUT Optimize something 

DON'T Quantify everything 

BUT Quantify something 

Figure 40 

DON'T . . . BUT . . . (Figure 40) 
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What was impossible or ridiculous in the past may be standard 
practice today. What is absolutely true today will quite 
often be made false by the technology of tomorrow. There are 
no absolutes but there aay be some valuable guidelines. 

I'm a programmer, not a philosopher. In Figure 40, I put 
some comments that have a certain meaning to me. I think 
they will be more meaningful t.o you if. you supply your own 
interpretations and meanings. 

Good luck and good progranning. 
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SECTION 4 SAMPLE SOURCE LISTINGS 

* ********************************************************* 
* THIS IS THE MASTER PROGRAM USED AS A DRIVER TO ~ THE 
* TECHNIQUES OF HAVING SORTS EXECUTE IN A SLAVE PROGRAM 
* THIS PROGRAM COULD HAVE DRIVEN MULTIPLE SLAVE SORT 
*• PROGRAMS AT THE SAME TIME IF I WANTED TO TAKE UP THAT 
* MUCH CODE SPACE IN THE HAMX>UT 
* ********************************************************* 
$CONTROL USLINIT 

IDENTIFICATION DIVISION. 
* DRIVER TO TEST PROGRAM SORTSt 

PROGRAM-ID. FREPSRSS. 
ENVIR<>f.11ENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-CCJ.1PUTER. X. 
OBJECT-CCJ.1PUTER. Y. 
SPECIAL-NAMES. 

CON>ITION-CODE IS CON>-COOE. 
INPUT-OUTPUT SECTION. 
DATA DIVISION. 
WORKING-STORAGE.SECTION. 
01 UNBLOCKER 
01 SAVED 
01 PROG 
01 PIN 
01 BFACT 
01 DSEG-IN> 
01 OSEG-ID 
01 DSEG-LEN 
01 REC-AREA. 

05 CURR-COUNT 
OS EACH-REC 

01 DATA-REC. 
05 SEN>-COUNT 
05 SEN>-PROC 

PROCEDURE DIVISION. 

PIC S9999 C()wfP. 
PIC S9999 CCJ.1P. 
PIC X( 10) VALUE •SORTSJR•. 
PIC 59999 C<»1P. 
PIC S9999 CCJ.1P VALUE 13. 
J>.IC ~9999 CC»1P . 
PIC 59999 C01P VALUE 43. 
PIC S9999 CC»1P VALUE 79. 

PIC S9999 CCJ.tP VALUE 0. 
PIC X{12) OCCURS 13 TIMES. 

PIC 999 VALUE 55. 
PIC 9(9). 
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START-ITS SECTION. 
START-IT. 

CALL INTRINSIC •GETDsEG• USING 
DSEG-IN> DSEG-LEN DSEG-ID 

IF CON:>-COOE < 0 
CALL INTRINSIC •QUIT• USING 101 

CALL INTRINSIC •cREATP USING 
PROO \\ PIN 

IF CON>-COOE NOT = 0 
CALL INTRINSIC •QUIP USING 201 

PERFORM SEN>-EMS UNTIL 
SEN>;_COUNT < 1 

MOVE -1 TOCURR-COUNT 
PERFORM ACTUAL-SEN>S 
MOVE O TO CURR-COUNT 
PERFORM GET-EMS UNTIL 

CURR-COUNT • -1 
DISPLAY •THAT'S ALL, FOLKS• 
STOP RUN 

GET-EMS SECTION. 
GET-EM. 

CALL INTRINSIC •[M)VIN• USING 
DSEG-IN> 0 79 REC-AREA 

If COND-COOE NOT "' -O 
CALL INTRINSIC ·~JIT• USING 204 

HOVE 1 TO UNBLOCKER 
PERFORM DOITS UNTIL 

UNBLOCKER > CURR-COUNT 
IF CURR-COUNT NOT . • -1 

CALL INTRINSIC •ACTIVATE• USING 
PIN 3 

IF CON>-COOE NOT • ct 
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CALL INTRINSIC •QUIT• USING 205 

DOITS SECTION. 
DOIT. 

DISPLAY •FR~ SORT • EACH-REC(UNBLOCKER) 
ADD 1 TO UNBLOCKER 

SEND-EMS SECTION. 
SEflD-EM. 

MOVE 0 TO CURR-COUNT 
PERFORM LOAD-BUFFERS UNTIL 

CURR-COUNT = BFACT OR SEND-COUNT < l 
PERFORM ACTUAL-SENDS 

ACTUAL-SENDS SECTION. 
ACTUAL-SEflD. 

CALL INTRINSIC ·c:HOvour· USING 
DSEG-lflD 0 79 REC-AREA 

IF COND-CODE NOT = 0 
CALL INTRINSIC •QUIT• USING 303 

CALL INTRINSIC •ACTIVATE• USING PIN 3 
IF COMl-CODE NOT = 0 

CALL INTRINSIC •QUIT• USING 304 

MOVE 0 TO CURR-COUNT 

LOAD-BUFFERS SECTION. 
LOAD-BUFFER. 

SUBTRACT 1 FR<X-1 SEND-COUNT 
CALL INTRINSIC •PROCTIME• GIVING SEM:>-PROC 

* IF YOU RUN THIS TEST VERSION. DON'T ASSUME COBOL IS 
* SLOW JUST BECAUSE THE CPU TIME SHOWS 4-5 MILLISECOND 
* BET\.IEEN RECORDS. THAT TIME PRIMARILY REPRESENTS 
* THE CPU TIME NEEDED TO DO THE DISPLAY STATEMENT 

ADD 1 TO CURR-COUNT 
MOVE DATA-REC TO EACH-REC(CURR-COUNT) 
DISPLAY ·To SORT • DATA-REC 

* ************************************************************ 
* ************************************************************ 
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* *******"************************************************ * THIS IS A SNf>tE OF A SLAVE SORT PROGRAM CONTROLLED BY 
* PROCESS HAN>LING TO All~ SORTING OF RECORDS OUTSIDE 
* THE MASTER PROGRAM 
* t-1.JLTIPLE SUOt PROGRAMS CAN BE CONTROLLED AT THE SAME 
* TIME BY THE MASTER 
* ********************************************************* 
$CONTROL USLINIT 

IDENTIFICATION DIVISION. 
* KEPT AS SORTSlS, PROGRAM KEPT AS SORTSlR 
* RECEIVES RECORDS FROM SORTMASR 
* SORTS * RETURNS SORTED RECORDS TO SORTMASR 

PROGRAM-ID. FREPSRTS. 
ENVIRot.MENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. X. 
OBJECT-COMPuTER. y. 
SPECIAL-rw-tES. 

CONDITION-CODE IS CONO-COOE. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 

SELECT SORTFlLE ASSIGN TO ·TEMPSORT' ... loo·. 
DATA DIVISION. 
FILE SECTION. 
SD SORTFILE. 
01 SORTREC. 

05 KEYl 
05 FILLER 
05 KEY2 

WORKING-STORAGE SECTION. 
01 SORT-FLAG 
01 TO-WAIT 
01 BFACT 
01 DSEG-U[) 
01 OSEG-10 
01 DSEG-LEN 
01 REC-AREA. 

05 a.JRR-COUNT 
05 EAOf-REC 

PROCEDURE DIVISION. 
START-ITS SECTION. 

PIC 999. 
PIC X(7). 
PIC 99. 

PIC XX VALUE LOW-VALUES. 
PIC S9999 COMP VALUE 3. 
PIC S9999 C<l-1P VALUE 13. 
PIC 59999 C<J.1P. 
PIC S9999 COMP VALUE 43. 
PIC S9999 COMP VALUE 79. 

PIC S9999 COMP VALUE 0. 
PIC X(12) OCCURS 13 TIMES. 
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START-IT. 
CALL INTRINSIC "GETDSEG" USING 

DSEG-IND DSEG-LEN DSEG-ID 
IF COND-CODE < 0 

CALL INTRINSIC "QUIT" USING 101 

SORT SORTFILE 
ASCENDING KEY KEY2 
DESCENDING KEY KEYi 
INPUT PROCEDURE GET-INS 
OUTPUT PROCEDURE SEND-BACKS 

STOP RUN 

SEND-BACKS SECTION. 
SEND-BACK. 

MOVE LOW-VALUES TO SORT-FLAG 
MOVE 0 TO CURR-COUNT 
PERFORM GET-AND-SENDS UNTIL 

SORT-FLAG = HIGH-VALUES 
PERFORM SEND-DATAS 
MOVE 0 TO TO-WAIT 
MOVE -1 TO CURR-COUNT 
PERFORM SEND-DATAS 

SEND-DATAS SECTION. 
SENDING. 

CALL INTRINSIC "DMOVOUT" USING 
DSEG-IND 0 79 REC-AREA 

IF COND-CODE NOT = 0 
CALL INTRINSIC "QUIT" USING 102 

CALL INTRINSIC "ACTIVATE" USING 0 TO-WAIT 
IF COND-CODE NOT = 0 

CALL INTRINSIC "QUIT• USING 103 

MOVE 0 TO CURR-COUNT 

GET-AND-SENDS SECTION. 
GET-AND-SEND. 

IF CURR-COUNT NOT < BFACT 
PERFORM SEND-DATAS 
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RETURN SORTFILE AT END 
MOVE HIGH-VALUES TO SORT-FLAG 

IF SORT-FLAG NOT = HIGH-VALUES 
ADD 1 TO CURR-COUNT 
DISPLAY "FROM SORT IN SORTSlR 0 SORTREC 
MOVE SORTREC TO EACH-REC(CURR-COUNT) 

GET-INS SECTION. 
GET-IN. 

PERFORM GET-IN-LOOPS UNTIL 
CURR-C.OUNT = -1 

GET-IN-LOOPS SECTION. 
GET-IN-LOOP. 

CALL INTRINSIC "DMOVIN" USING 
DSEG-INO 0 79 REC-AREA 

IF COND-CODE NOT = 0 
CALL INTRINSIC "QUIT" USING 111 
STOP RUN 

PERFORM UNLOAD-EMS UNTIL 
CURR-COUNT < 1 

IF CURR-COUNT NOT = -1 
CALL INTRINSIC "ACTIVATE" USING 0 TO-WAIT 
IF COND-CODE NOT = 0 

CALL INTRINSIC "QUIT• USING 105 

UNLOAD-EMS SECTION. 
UNLOAD-EM. 

RELEASE SORTREC FROM EACH-REC(CURR-COUNT) 
DISPLAY "TO SORT IN SORTSlR • EACH-REC(CURR-COUNT) 
SUBTRACT 1 FROM CURR-COUNT 

* ************************************************************ 
* ************************************************************ 

* ********************************************************* * THIS IS A DRIVER FOR A SHORT TEST RUN SHOWING SOME OF 
* THE COMPARISONS BETWEEN COBOL AND FORTRAN PERFORMANCE 
* IT PASSES ASCII NUMERICS TO A COBOL SUBPROGRAM AND A 
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* FORTRAN SUBPROGRAM * IT COLLECTS PROCTIMES FOR 1000 CALLS TO THESE SUBPROGRAMS 
* THE SUBPROGRAMS EACH ADD 100 6 DIGIT ASCII NUMBERS 
* TO A COUNTER AND THEN RETURN 
* THE TIMES ARE REPRESENTATIVE BUT ARE SLIGHTLY LONG 
* SINCE I HAVE NOT BACKED OUT THE TIME FOR THE LOOP 
* CONTROLLING THE 1000 CALLS. THAT TIME IS SMALL 
* WHEN THIS WAS TESTED ON A SERIES III IN DECEMBER OF 
* 1981, THE RESULTS WERE AS FOLLOWS: 
* COBOL TOOK 16635 CPU MILLISECONDS * FORTRAN TOOK 76217 CPU MILLISECONDS 
* ********************************************************* 
$CONTROL SOURCE,USLINIT 

IDENTIFICATION DIVISION. 
* KEPT AS FORCOBDA 

PROGRAM-ID. TESTFORD. 
ENVIROl\MENT DIVISION. 
DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 STAMPS 
01 STAMPE 
01 STAMPD 
01 THE-SUM 
01 THE-SUMO 
01 THE-COUNT 
01 THE-TABLE. 

05 THE-NUM 
INDEXED BY THE-IND. 

PROCEDURE DIVISION. 
START-OUT. 

PIC S9(9) CCJ.tP. 
PIC S9(9) C<J.1P. 
PIC9(6). 
PIC 9(8). 
PIC 9(8). 
PIC 999 VALUE 0. 

PIC 9(6) OCCURS 100 TIMES 

DISPLAY "CCJ.tPARISON USING 100 6 DIGIT ASCII ENTRIES" 
PERFORM LOAD-EM VARYING THE-IND FRCJ.t 1 BY I 

UNTIL THE-IND > 100 
CALL "COBADD 0 USING THE-TABLE THE-SUM 
MOVE THE-SUM TO THE-SUMO 
DISPLAY "FR<J.1 COBOLII, SUM = " THE-SUMO 
CALL "FORADD" USING @THE-TABLE @THE-SUM 
MOVE THE-SUM TO THE-SUMO 
DISPLAY "FROM FORTRAN, SUM = • THE-SUMO 
CALL INTRINSIC "PROCTIME" GIVING STAMPS 
PERFORM COB-SHOT 1000 TIMES 
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CALL INTRINSIC "PROCTIME" GIVING STAMPE 
COMPUTE STAMPD = STAMPE - STAMPS 
DISPLAY "1000 CALLS TO COBOLII SUt+1ATION SUBPROGRAM " STA 
CALL INTRINSIC "PROCTIME" GIVING STAMPS 
PERFORM FOR-SHOT 1000 TIMES 
CALL INTRINSIC "PROCTIME" GIVING STAMPE 
COMPUTE STAMPD = STAMPE - STAMPS 
DISPLAY "1000 CALLS TO FORTRAN SUt+1ATION SUBPROGRAM " STA 
STOP RUN 

LOAD-EM. 
ADD S TO THE-COUNT 
MOVE THE-COUNT TO THE-NUM(THE-IND) 

COB-SHOT. 
CALL "COBADD" USING THE-TABLE THE-SUM 

FOR-SHOT. 
CALL "FORADD" USING @THE-TABLE @THE-SUM 

* ************************************************************ 
* ************************************************************ 

* ********************************************************* * THIS IS THE COBOL SUBPROGRAM MENTIONED IN THE PRECEEDING 
* COBOL MAIN PROGRAM. IT IS AN ASCII NUMBER CRUNCHER 
* ********************************************************* 
$CONTROL SOURCE.SUBPROGRAM 

IDENTIFICATION DIVISION. 
* KEPT AS ADDCOBSA 

PROGRAM-ID. COBADD. 
ENVIRON"IENT DIVISION. 
DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 THE-COUNT PIC S9(9) COMP-3. 
LINKAGE SECTION. 
01 THE-TABLE. 

05 THE-NUM PIC 9(6) OCCURS 100 TIMES 
INDEXED BY THE-IND. 

01 THE-SUM PIC 9(8). 
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PROCEDURE DIVISION USING THE-TABLE THE-SUM. 
START-OUT. 

MOVE 0 TO THE-COUNT 
PERFORM ADD-EM VARYING THE-IND FRC»t 1 BY 1 

UNTIL THE-IND > 100 
MOVE THE-COUNT TO THE-SUM 
GO BACK 

ADD-EM. 
ADD THE-NUM(THE-IND) TO THE-COUNT 

* ************************************************************ 
* ************************************************************ 

c ********************************************************* 
C THIS IS THE FORTRAN SUBPROGRAM MENTIONED IN THE 
C PRECEEDING COBOL MAIN PROGRAM 
c ********************************************************* 
c 
$CONTROL LIST.MAP.LOCATION.STAT 

SUBROUTINE FORADD(Il\MAT,SUM) 
CHARACTER*6 Il\MAT(lOO) 
CHARACTER*8 SUM 
INTEGER*4 OUTPUT 
OUTPUT = 0 
DO 60 I=l,100 

60 OUTPUT = OUTPUT+ JNUM(Il\MAT(I)) 
SUM = STR(OUTPUT,8) 
RETURN 
END 

* ************************************************************ 
* ************************************************************ 

* ********************************************************* 
* THIS IS A DRIVER FOR A SHORT TEST RUN SHOWING SC»tE OF 
* THE COMPARISONS BETWEEN COBOL AND FORTRAN PERFORMANCE 
* IT PASSES BINARY DOUBLE WORDS TO A COBOL SUBPROGRAM 
* AND A FORTRAN SUBPROGRAM 
* IT COLLECTS PROCTIMES FOR 1000 CALLS TO THESE SUBPROGRAMS 
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* THE SUBPROGRAMS EACH ADD 100 BINARY DOUBLE WORDS 
* TO A COUNTER AND THEN RETURN 
* THE TIMES ARE REPRESENTATIVE BUT ARE SLIGHTLY LONG 
* SINCE I HAVE NOT BACKED OUT THE TIME FOR THE LOOP 
* CONTROLLING THE 1000 CALLS. THAT TIME IS SMALL 
* WHEN THIS WAS TESTED ON A SERIES III IN DECEMBER OF 
* 1981, THE RESULTS WERE AS FOLLOWS: 
* COBOL TOOK 9942 CPU MILLISECONDS 
* FORTRAN TOOK 2499 CPU MILLISECONDS 
* ********************************************************* 
$CONTROL SOURCE,USLINIT 

IDENTIFICATION DIVISION. 
* KEPT AS TESTFORD 

PROGRAM-ID. FORCOBDB. 
ENVIROfll-1ENT DIVISION. 
DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 STAMPS 
01 STAMPE 
01 STAMPD 
01 THE-SUM 
01 THE-SUMO 
01 THE-COUNT 
01 THE-TABLE. 

PIC S9(9) COMP. 
PIC S9(9) COMP. 
PIC 9(6). 
PIC S9(9) COMP. 
PIC 9(8). 
PIC 999 VALUE 0. 

05 THE-NUM PIC S9(9) COMP OCCURS 100 TIMES 
INDEXED BY THE-IND. 

PROCEDURE DIVISION. 
START-OUT. 

DISPLAY "COMPARISON USING 100 DOUBLE ENTRIES" 
PERFORM LOAD-EM VARYING THE-IND FROM 1 BY 1 

UNTIL THE-IND > 100 
CALL "COBADD" USING THE-TABLE THE-SUM 
MOVE THE-SUM TO THE-SUMO 
DISPLAY "FROM COBOLII, SUM = " THE-SUMO 
CALL "FORADD" USING THE-TABLE THE-SUM 
MOVE THE-SUM TO THE-SUMO 
DISPLAY "FROM FORTRAN. SUM = II THE-SUMO 
CALL INTRINSIC "PROCTIME" GIVING STAMPS 
PERFORM COB-SHOT 1000 TIMES 
CALL INTRINSIC 0 PROCTIME 11 GIVING STAMPE 
COMPUTE STAMPD = STAMPE - STAMPS 
DISPLAY "1000 CALLS TO COBOLII SUMMATION SUBPROGRAM " 
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CALL INTRINSIC "PROCTIME° GIVING STAMPS 
PERFORM FOR-SHOT 1000 TIMES 
CALL INTRINSIC "PROCTIME" GIVING STAMPE 
COMPUTE STAMPD = STAMPE - STAMPS 
DISPLAY "1000 CALLS TO FORTRAN SUt+1ATION SUBPROGRAM " STA 
STOP RUN 

LOAD-EM. 
ADD 5 TO THE-COUNT 
MOVE THE-COUNT TO THE-NUM(THE-IND) 

COB-SHOT. 
CALL "COBADDu USING THE-TABLE THE-SUM 

FOR-SHOT. 
CALL °FORADD" USING THE-TABLE THE-SUM 

* ************************************************************ 
* ************************************************************ 

* ********************************************************* * THIS IS THE COBOL SUBPROGRAM MENTIONED IN THE 
* PRECEEDING COBOL MAIN PROGRAM 
* ********************************************************* 
$CONTROL SOURCE.SUBPROGRAM 

IDENTIFICATION DIVISION. 
* KEPT AS ADDCOBSB 

PROGRAM-ID. COBADD. 
ENVIROl\MENT DIVISION. 
DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 THE-COUNT PIC S9(9) CCJ.1P. 
LINKAGE SECTION. 
01 THE-TABLE. 

05 THE-NUM PIC S9(9) CCJ.1P OCCURS 100 TIMES 
INDEXED BY THE-IND. 

01 THE-SUM PIC S9(9) COMP. 
PROCEDURE DIVISION USING THE-TABLE THE-SUM. 
START-OUT. 

MOVE 0 TO THE-COUNT 
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PERFORM ADD-EM VARYING THE-IND FRCJ.1 1 BY 1 
UNTIL THE-IND > 100 

MOVE THE-COUNT TO THE-SUM 
GO BACK 

ADD-EM. 
ADD THE-NUM(THE-IND) TO THE-COUNT 

* ************************************************************ 
* ************************************************************ 

c ********************************************************* 
C THIS IS THE FORTRAN SUBPROGRAM MENTIONED 
C IN THE PRECEEDING COBOL MAIN PROGRAM 
c ********************************************************* 
c 
$CONTROL LIST,MAP,LOCATION,STAT 

SUBROUTINE FORADD ( It-.MA T, SUM) 
INTEGER*4 INMAT(lOO) 
1NTEGER*4 SUM 
INTEGER*4 OUTPUT 
OUTPUT = 0 
DO 60 1=1,100 

60 OUTPUT = OUTPUT+ (INMAT(I)) 
SUM = (OUTPUT) 
RETURN 
END 

* ************************************************************ 
* ************************************************************ 

* ********************************************************* * THIS IS A DRIVER FOR A SHORT TEST RUN SHOWING SCJllE OF 
* THE COMPARISONS BETWEEN COBOL AND FORTRAN PERFORMANCE 
* IT PASSES BINARY DOUBLE WORDS TO A COBOL SUBPROGRAM 
* AND A FORTRAN SUBPROGRAM * IT COLLECTS PROCTIMES FOR 1000 CALLS TO THESE SUBPROGRAMS 
* THE SUBPROGRAMS EACH ADD 100 BINARY DOUBLE WORDS 
* TO A COUNTER AND THEN RETURN 
* THE TIMES ARE REPRESENTATIVE BUT ARE SLIGHTLY LONG 
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* SINCE I HAVE NOT BACKED OUT THE TIME FOR THE LOOP 
* CONTROLLING THE 1000 CALLS. THAT TIME IS SMALL 
* THE FORTRAN SUBPROGRAM WAS THE SAME AS THE ONE USED 
* IN THE PRECEEDING TEST 
* I CHANGED THE COBOL SUBPROGRAM TO SHOW HOW COBOL 
* COULD BE SPEEDED UP USING DIFFERENT CODING 
*WHEN THIS WAS TESTED ON A SERIES III IN DECEMBER OF· 
* 1981, THE RESULTS WERE AS FOLLOWS: 
* COBOL TOOK 6527 CPU MILLISECONDS 
* FORTRAN TOOK 2482 CPU MILLISECONDS 
* ********************************************************* 
$CONTROL SOURCE,USLINIT 

IDENTIFICATION DIVISION. 
* KEPT AS TESTFORD 

PROGRAM-ID. FORCOBDB. 
ENVIRONMENT DIVISION. 
DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 STAMPS 
01 STAMPE 
01 STAMPD 
01 THE-SUM 
01 THE-SUMO 
Ol THE-COUNT 
01 THE-TABLE. 

05 THE-NUM 
INDEXED BY THE-IM>. 

PROCEDURE DIVISION. 
START-OUT. 

PIC S9(9) COMP. 
PIC S9(9) C<J.1P. 
PIC 9(6). 
PIC S9(9) C<J.1P. 
PIC 9(8). 
PIC 999 VALUE 0. 

PIC S9(9) COMP OCCURS 100 TIMES 

DISPLAY "COMPARISON USING 100 DOUBLE ENTRIES" 
PERFORM LOAD-EM VARYING THE-IND FROM 1 BY 1 

UNTIL THE-IND > 100 
CALL "COBADD" USING THE-TABLE THE-SUM 
MOVE THE-SUM TO THE-SUMO 
DISPLAY "FROM COBOLII. SUM = H THE-SUMO 
CALL "FORADD" USING THE-TABLE THE-SUM 
MOVE THE-SUM TO THE-SUMO 
DISPLAY •FROM FORTRAN, SUM = n THE-SUMO 
CALL INTRINSIC "PROCTIME" GIVING STAMPS 
PERFORM COB-SHOT 1000 TIMES 
CALL INTRINSIC "PROCTIME" GIVING STAMPE 
COMPUTE STAMPD = STAMPE - STAMPS 
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DISPLAY "1000 CALLS TO COBOLII SUt+1ATION SUBPROGRAM • STA 
CALL INTRINSIC "PROCTIME" GIVING STAMPS 
PERFORM FOR-SHOT 1000 TIMES 
CALL INTRINSIC "PROCTIME" GIVING STAMPE 
COMPUTE STAMPD = STAMPE - STAMPS 
DISPLAY "1000 CALLS TO FORTRAN SUt+1ATION SUBPROGRAM • STA 
STOP RUN 

LOAD-EM. 
ADD 5 TO THE-COUNT 
MOVE THE-COUNT TO THE-NUM(THE-IND) 

COB-SHOT. 
CALL "COBADD" USING THE-TABLE THE-SUM 

FOR-SHOT. 
CALL "FORADD" USING THE-TABLE THE-SUM 

* ************************************************************ 
* ************************************************************ 

* ********************************************************* * THIS IS THE IMPROVED COBOL SUBROUTINE MENTIONED IN THE 
* PREVIOUS COBOL MAIN PROGRAM. IT SHOWS THAT A PROGRAM 
* CODED LOOP CONTROL CAN BE MORE EFFICIENT THAN A 
* COMPILER CONTROLLED LOOP IN SOME CASES 
* UNLESS HARD PRESSED FOR PERFORMANCE, I WOULD NOT 
* USUALLY PREFER MY OWN LOOP CONTROL 
* ********************************************************* 
$CONTROL SOURCE.SUBPROGRAM 

IDENTIFICATION DIVISION. 
* KEPT AS ADDCOBXB 

PROGRAM-ID. COBADD. 
ENVIROl\t-1ENT DIVISION. 
DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 THE-COUNT PIC S9(9) C<Jw1P. 
01 THE-IND PIC S9999 C<Jw1P. 
LINKAGE SECTION. 
01 THE-TABLE. 
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05 THE-NUM PIC S9(9) COMP OCCURS 100 TIMES. 
01 THE-SUM PIC S9(9) COMP. 
PROCEDURE DIVISION USING THE-TABLE THE-SUM. 
START-OUT. 

MOVE 0 TO THE-COUNT 
MOVE 1 TO THE-IND 

ADD-EM. 
ADD THE-NUM(THE-IND) TO THE-COUNT 
ADD 1 TO THE-IND 
IF THE-IND < 101 

GO TO ADD-EM 

MOVE THE-COUNT TO THE-SUM 
GO BACK 

* ************************************************************ 
* ************************************************************ 

<< THIS SUBPROGRAM ALLOWS BINARY SEARCH OF PB-RELATIVE >> 
<< CODE. IT REQUIRES A FIXED LENGTH ARGUMENT AND >> 
<< SENDS BACK A FIXED LENGTH RESULT. >> 

$CONTROL SUBPROGRAM,SEGMENT=FSEARCH 
<< KEPT AS SEARCHFS >> 
<< FIXED LEN ARG (WORDS) AND FIXED LEN RESULT (WORDS) >> 
BEGIN PROCEDURE FINDFIXED(FOUND,ARG,RESULT); 
INTEGER FOUND; 
INTEGER ARRAY ARG,RESULT; 
BEGIN 
EQUATE ARG'WLEN = 2; 
EQUATE RESULT'WLEN = 17; 
EQUATE STEP'SIZE = ARG'WLEN + RESULT'WLEN; 
EQUATE ARG'BLEN = ARG'WLEN * 2; 
EQUATE RESULT'BLEN = RESULT'WLEN * 2; 
EQUATE NUM'COMPARES = 5; 
<< FOR NUM'COMPARES: >> 
<< IF TOO LARGE, WASTED TIME; IF TOO SMALL, NO-HITS >> 
<< GENERAL GUIDELINE: >> 

<< IF NUM'COMPARES ** 2 IS LESS THAN THE NUMBER >> 
<< OF ARGUMENTS TO BE SEARCHED, THE SEARCH WILL >> 
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<< NOT SUCCEED IN ALL CASES >> 
« IF (NUM"COMPARES -1) ** 2 IS GREATER THAN THE » 
<< NUMBER OF ARGUMENTS TO BE SEARCHED, THERE WILL >> 
<< BE SOME WASTED COMPUTER CYCLES >> 
INTEGER POS,DISP; 
BYTE POINTER RESULTB,BARG; 
TOS: =@ARG; 
ASSEMBLE (LSL 1); 
@BARG : = TOS ; 
FOUND:="NN"; 
TOS: =@RESULT; 
ASSEMBLE (LSL 1); 
@RESULTB: =TOS; 
TOS: =I; 
ASSEMBLE (LSL NUM'COMPARES); 
DISP: =TOS; 
POS:=@START'DATA + ((DISP - 1) * STEP'SIZE); 
WHILE DISP <> 0 DO 

BEGIN 
DISP:=DISP/2; 
IF POS >= @END'DATA THEN 

POS:=POS - (DISP * STEP'SIZE) 
ELSE 
BEGIN 

TOS : =@BARG; 
TOS: =POS; 
ASSEMBLE (LSL 1); 
TOS : =ARG' BLEN; 
ASSEMBLE (CMPB PB); 
IF = THEN 

BEGIN 
OISP:=O; 
FOUND:="YY"; 
TOS: =@RESULT; 
ASSEMBLE (LSL 1); 
TOS:=POS+ARG'WLEN; 
ASSEMBLE (LSL 1); 
TOS:=RESULT'BLEN; 
ASSEMBLE (MVB PB); 

END 
ELSE 
IF < THEN POS:=POS-(DISP * STEP'SIZE) 
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ELSE POS:=POS+(DISP * STEP'SIZE); 
END; 

END; 
ASSEMBLE (EXIT 3); 
START'DATA: 
« START CONS » 
ASSEMBLE (CON "AB RESAB 11 ); 

ASSEMBLE (CON "BB RESULT BB "); 
ASSEMBLE (CON 11 CC RESULT CC I! 11 ); 

ASSEMBLE (CON "CEF RES CEF "); 
ASSEMBLE (CON "CEFARESULT CEFA **•); 
ASSEMBLE (CON °DE ROE •); 
ASSEMBLE (CON "DEF RDEF 11 ) ; 

ASSEMBLE (CON "GHIJRESULT FOR GHIJ---- "); 
ASSEMBLE (CON "GHK RESULT FOR GHK .................. •); 
ASSEMBLE (CON "KKL RESULT FOR KKL "); 
END'DATA: 
END; 
END. 

* ************************************************************ 
* ************************************************************ 

<< THIS SUBPROGRAM ALLOWS BINARY SEARCH OF PB-RELATIVE 
« CODE. IT REQUIRES A FIXED LENGTH ARGUMENT AND 
<< SENDS BACK A FIXED LENGTH RESULT. 
< ( THE RESULT IS STORED IN CODE AS A VARIABLE LENGTH 
<< ENTITY AND THE SUBPROGRAM NEED NOT WASTE SPACE 
( ( WITH TRAILING BLANKS. THIS CAN BE SIGNIFICANT. 

$CONTROL SUBPROGRAM,SECJ.1ENT=VSEARCH 
<< KEPT AS SEARCHVS >> 

>> 
>> 
>> 
)) 

>> 
>> 

<< FIXED LEN ARG (WORDS) AND VARIABLE LEN RESULT (WORDS) >> 
BEGIN PROCEDURE FINDVARIABLE(FOUND,ARG,RESULT); 
INTEGER FOUND; 
INTEGER ARRAY ARG,RESULT; 
BEGIN 
EQUATE ARG'WLEN = 2; 
EQUATE RESULT'WLEN = 1; 
EQUATE STEP'SIZE = ARG'WLEN + RESULT'WLEN; 
EQUATE ARG'BLEN = ARG'WLEN * 2; 
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EQUATE RESULT'BLEN • RESULT'WLEN * 2; 
EQUATE NUM'CCJ11PARES • 5; 
<< FOR NUM'CCJ11PARES: >> 
<< IF TOO LARGE, WASTED TIME: IF TOO SMALL, NO-HITS >> 
<< GENERAL GUIDELINE: >> 
<< IF NUM'CCJ11PARES ** 2 IS LESS THAN THE NUMBER >> 
<< OF ARGUMENTS TO BE SEARCHED, THE SEARCH WILL >> 
<< NOT SUCCEED IN ALL CASES >> 
« IF (NUM"CCJl1PARES -1) ** 2 IS GREATER THAN THE » 
<< NUMBER OF ARGUMENTS TO BE SEARCHED, THERE WILL >> 
<< BE SCJl1E WASTED CCJl1PUTER CYCLES >> 
INTEGER DSTART,DEND,POS,DISP; 
BYTE POINTER RESULTB,BARG; 
TOS: =@ARG; 
ASSEMBLE (LSL 1); 
@BARG : = TOS; 
FOUND: ="NNH; 
TOS: =@RESULT; 
ASSEMBLE (LSL 1); 
@RESULTS: =TOS; 
TOS: =1; 
ASSEMBLE (LSL NUM'CCJ11PARES); 
DISP: =TOS; 
POS:=@START'DATA + ((DISP - 1) * STEP'SIZE); 
WHILE DISP <> 0 DO 

BEGIN 
DISP:=DISP/2; 
IF POS >= @END'DATA THEN 

POS:=POS - (DISP * STEP'SIZE) 
ELSE 
BEGIN 

TOS : =@BARG; 
TOS: =POS; 
ASSEMBLE (LSL 1); 
TOS : =ARG' BLEN; 
ASSEMBLE (CMPB PB); 
IF = THEN 

BEGIN 
DISP:=O; 
FOUND:= "VY"; 
TOS : =@RESULT; 
ASSEMBLE (LSL 1); 
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TOS: =@DST ART; 
ASSEMBLE (LSL 1); 
TOS:=POS+ARG'WLEN; 
ASSEMBLE (LSL 1); 
TOS: =2; 
ASSEMBLE (MVB PB); 
TOS: =@DENO; 
ASSEMBLE (LSL 1); 
TOS:=POS+ARG'WLEN*2+1; 
ASSEMBLE (LSL 1); 
TOS:=2; 
ASSEMBLE(MVB PB): 
TOS:=@END'DATA+DSTART; 
ASSEMBLE (LSL 1); 
TOS:=2*(DEND-DSTART); 
ASSEMBLE (MVB PB); 

END 
ELSE 
IF < THEN POS:=POS-(DISP * STEP'SIZE) 

ELSE POS:=POS+(DISP * STEP'SIZE); 
END; 

END. 
ASSEMBLE (EXIT 3); 
START'DATA: 
<< START CONS > > 
ASSEMBLE (CON "AB ",0000); 
ASSEMBLE (CON "BB ",0003); 
ASSEMBLE (CON "CC ",0010); 
ASSEMBLE (CON "CEF 11 ,0025); 
ASSEMBLE (CON "CEFA", 0029); 
ASSEMBLE (CON "DE II, 0046); 
ASSEMBLE (CON "DEF ". 0048); 
ASSEMBLE (CON "GHIJ",0050); 
ASSEMBLE (CON "GHK ". 0060); 
ASSEMBLE (CON "KKL ".0076); 
ASSEMBLE (CON -1.-1 . 0083); 
END'DATA: 
ASSEMBLE (CON "RESAB II 

ASSEMBLE (CON "RESULT BB " 
ASSEMBLE (CON "RESULT cc 
ASSEMBLE (CON "RES CEF II 

ASSEMBLE (CON "RESULT CEFA 
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<< NO PREVIOUS LEN 
< < PREVIOUS LEN 03W 
« PREVIOUS LEN 07W 
<< PREVIOUS LEN 15W 
< < PREVIOUS LEN 04W 
<< PREVIOUS LEN 1 7W 
<< PREVIOUS LEN 02W 
<< PREVIOUS LEN 02W 
« PREVIOUS LEN lOW 
<< PREVIOUS LEN 16W 
<< PREVIOUS LEN 07W 

) ; 
) ; 

!! u ) ; 
) ; 

**"); 

>> 
>> 
» 
>> 
>> 
)) 

> > 
> > 
» 
>> 
>> 

<< 03W )) 

< < 07W )) 

<< 15W >> 
<< 04W » 
<< 17W )) 



ASSEMBLE (CON •ROE • ) ; << 02W >> 
ASSEMBLE (CON •RDEF" ) ; << 02W » 
ASSEMBLE (CON •RESULT FOR GHIJ---- • ) ; << lOW » 
ASSEMBLE (CON •RESULT FOR GHK .................. • ) ; « 16W » 
ASSEMBLE (CON •RESULT FOR KKL• ) ; << 07W » 
END; 
END. 

* ************************************************************ 
* ************************************************************ 

« THIS ROUTINE PERFORMS AN AUTOREAD AGAINST A V/3000 » 
<< FORM. IT IS CALLED WHENEVER YOU WISH TO HAVE THE >> 
<< SCREEN READ AFTER THE USER HAS HIT A SOFT-KEY AN> >> 
<< YOU DO NOT WISH TO FORCE HIM/HER TO HIT •ENTER• >> 
<< TO TRIGGER THE READ. >> 
<< IT IS CALLED JUST AS IF IT WERE ·vREADFIELDs· )) 
<< EXCEPT THAT THE NAME WOULD BE CHANGED >> 
<< 
<< 
<< 
<< 

CALL "IMMVREADFIELDS" USING VCONT-AREA 

$CONTROL SUBPROGRAM 
<< KEPT AS It+1READ >> 
BEGIN PROCEDURE IMMVREADFIELDS(CONT); 
INTEGER ARRAY CONT; 
BEGIN 
PROCEDURE VREADFIELDS(C); 
INTEGER ARRAY C; 
OPTION EXTERNAL; 
CONT(SS).(13:2):=~1; 

VREADFIELDS(CONT); 
CONT(SS).(13:2):=0; 
END; 
END. 

>> 
>> 
» 
)) 

* 06*******************************************************03 
* ***************************82****************************** 

19-98 



Improving Database Application Performance 
Without Changing Your Programs 

So your IMAGE Database application is performing poorly? 
And you need to do something but no single program is the bot­
tleneck? And you have 300 separate programs but only two 
programmers? Welll this paper is for youl These techniques 
have been employed on several independent systems and have 
brought relief and even a cure for poor system performance. 

The first step is to determine if your database(s) are 
truly your performance bottleneck. My favorite tool for this 
is FILERPT, a program which examines MPE Log File Close 
records and produces several reports to focus on which files 
are actually the cause of your disc I/O accesses. If FILERPT 
does not indicate a significant number of database accesses, 
it may still serve to assist in improving your system. The 
version I use serves to separate session and job accesses as 
well as to sort the accesses in several different ways. The 
first page of a Sample report is seen in Figure 1. 

FILERPT is easy to use. Just turn on MPE File Close 
Logging, let your system run for a few minutes, hours, days, 
or maybe a week, and feed the Log files into FILERPT. Your 
first task will be to CREATE a summary file for the reports to 
use. The file may reflect the File Closes for the System, 
Sessions, Jobs, or All accesses. I generally produce all four 
summary files but the All summary file is a good start. Next, 
the reports on the summary files are produced. The options 
available are to sort the report by Logical Records Processed, 
Physical Blocks Processed, File Close Count, Alphabetical by 
Account/ Group/ Filename, and Alphabetical by Filename/ Group/ 
Account. Any percentage of the report may be printed (specify 
LP before producing the report) but I use 100 percent and 10 
percent most frequently. 

The reports tell you many things, for example: 

1. Which files cause the most disc accesses. 
2. What programs should be allocated (most frequently 

closed). 
3. Is someone opening files and not using them? 
4. Do the most frequently used files have good blocking 

factors? Are they having an effect? 
5. Are people using multiple copies of popular programs? 
6. Are the Database accesses a significant portion of the 

total disc load? 

Once we know the impact of our Database accesses, we need 
to know the nature of the order of the accesses. Are we doing 
Serial, Chained, or Directed accesses? Do users conflict with 
each other? Is Image itself doing the accesses because of 
other factors? 
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BLOCKS PP.OCESSE[\ USAGE REPORT V2.01 .01 OH FILE L3148491 .DOCUMENT.SYS 
TIJE, MA'( 10, I '.)03. 3: lb PM 
FILE NAME TYPE I.DEV REC COUNT BLK COUNT FCLOSE 

Cl)UHT 

GOOD .SYSOP .SYS 0 1• 203,958. 30,076. 6. 
.Pue . IMACS 0 1'41 24,671. 24,285 • 14 . 

OBPRCI It . DATABASE.VALLIANT 0 I 13,685. 13,685, I. 
. DOC . MArnLIB 0 3,. 13,213, 13,213 . 670 . 

TEMPCODE.SMBPUB .BUTLER 0 3-tr 12,083. 11.on. 18 . 
TEMPLOG . DATABASE.VALLIANT 0 1 299, 2·:12. 9,912. 1' 
VLOG0066.PU8 .VALLIANT 0 3 280,960. 8,780. 2. 
$L . PUB . S'tS 0 I 8,643 . 8,643 • 3. 
SORTSCR .PUB . SYS 0 3• 7,453. 7,4~3 . a. 

. PUB . MONTREAL 0 , ... 43,684. 6,968 . 25~ . 

. PUB , SLIP PORT 0 3 6, 091 . 6, 091. I• 
TEMPI. I ST . S~1BPUB .BUTLER 0 3• '5' 64 0' '5' '59'l'. IS. 

. SMBPllB .BUTLER 0 3• 12,850. 4,967 . 159. 
PC ODE .SMBSPL . BUTLER 0 1 ·~ 77,172. 4,826 . 25. 
uBPIU.23 . DATABASE.VALLIANT 0 1 3,730 . J,7'30. 1. 
I PD IC .PLIB . S'tS 0 1 3,661 • 3,661. 27. 

.$HIP .COLDEY 0 1• 21, 144. 3, 081. 36. 
I\) OPT ,JOB , S'tS 0 I 2,808. 2,808. 4, 
0 E[11T2 . DOC .l'tONTREAL 0 I 1, 735. t ,737 • 1. 
I\) IHFCIN .RAPID03 . I MACS 0 1 1,4'!14. 1,4'H, , . 

PC ODE . SMBOBJ . BUTLER 0 I* 1 • 46'3 . 1,463. 29 . 
GOOD .PUB . SYS 0 3* 5,325. 1,447. 13 • 
STORE ,PU& . SYS 0 1 1,354. 1I354 • 46 . 
OBPROOJ .OATABASE.YALLIANT 0 I 1 ,34'!1. 1,349. I• 
LO.:lDMAP .PUB . SYS 0 1 2,500. 1,31(1. 39 . 
TRHHSACT.RAPID03 , I MACS 0 1 t. 308. I ,308, 1. 
DJCTDBl'I .RAPIDOI , I MACS 0 t 1,264. 1 ,264. , . 
INFORM . RAPID02 , I MACS tl 1 1 ,264. 1,264. 1 . 

. INFOBASE.MAIHLlB 0 3.., 1,192. 1, 192. 177. 
SPL .PUB ,S'fS 0 I 1,09$, 1, 098. 24. 
I PD IC .RAPIDOI , JMACS 0 1 I, 042, 1,042. I• 
TDPCATLG.TDPDATA .HPOFFICE 0 1 tS,564. 974. 71. 
TR-AHSACT.PUB .SYS 0 I 963. 963. 14. 
TRAMCOMP.RAPIDOI . I MACS 0 I :346. 946. I, 
TRAMCOMP.RAPID02 . lMACS 0 I S46. 846. 1. 
CATALOG .DOCUl'IENT.QMIT 0 I 12,467. 822. 4. 
SYSDUl'IP .PIJB .SYS 0 t sos. 805. l~j, 
$0LDPASS.SMBPUB .BUTLER (I I 305. 799. 6, 
IHFCNY .PUB ,S'i'S 0 I 747. 7-47. 1 ' 
KHHHl.PUB t$"r'S 0 3• 26,0"3. 674. 13. 

Figure 1. 

Sample_ F1LERPT Output 



Several tools are available to assist in this investiga­
tion. First is SURVEYOR which is a poor man~s OPT. This 
program shows when disc l/O~s are taking place and who is 
doinq them. With the assistance of SOO or some other tool, we 
may determine the pin numbers of the users, the files invol­
ved, and perhaps the degree of conflict for the disc. Perhaps 
the best tool for examining disc accesses is IOSTAT4. This 
tool can show us the actual order, location, user, length, and 
frequency of disc accesses. Figure 2 gives a sample of the 
output from IOSTAT4. 

The definitive tool for IMAGE Database analysis is 
DBLOADNG. This tool has been enhanced by me so that it now 
provides even more hard information abou.t the database content 
than previous versions. The most critical data it produces is 
the Elongation of the chains in the datasets. This Elongation 
is a measure of the unnecessary disc accesses which your ap­
plication may be experiencing. A related count is the number 
of External Pointers within a dataset. This term was 
developed by me to reference the chain pointers which point to 
the next chain entry outside of the current block. These 
External Pointers always cause another disc access during the 
chasing of a chain unless IMAGE already has the data in its 
buffers. The reduction of the number of External Pointers is 
often the answer to poor overall database performance. 

So, we run DBLOADNG (version 2.7 or later) and sure 
enough we have External Pointers everywhere! (If you don~t, 
there is still hope but it will require more work.) 

The following actions should serve to reduce External 
Pointers. 

1. Modify the Master dataset capacities. A target o.f 60 to 
70% full is usually good. Note that a very small change 
in capacity can have a very large effect on inefficient 
pointers. 

2. Make the most frequently accessed path (via FILERPT) the 
primary path if the average chain length is greater than 
the current primary path. 

3. Unload and load the datasets to straighten out the 
chains. 

a. On Details, the primary path will be rebuilt to have a 
minimum number of External Pointers (equal to the num­
ber of Contiguous Pointers). 

b. On Master.s, if there exist Empty Holes these will be 
filled in by External Pointers to become Internal 
Pointers. 

4. Increase the Blocking Factor of the datasets so that 
more records get into a block. This will be discussed in 
more detail later in the paper. 
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r· ! 1i l.DE V XLOG FH REL lJHERE QM I SC PARM1 P.:IRM2 STAT 
I I 507W READ SEG 407 011666 000000 000002 153120 001 322. 
.... :2 17308 READ +DB 200 020736 000000 -000003 112172 001 407. ... 

5:56 32 
I •fl!PC 3S41J READ SEG 24 0 0 0311 000000 000000 000563 001 o. 
2 .-, ... 499W READ SEG 407 002632 000000 000002 114073 001 295. 
1 ,+(i I R1; '304lJ READ SEC. 24 001177 000000 000000 000567 001 0. 
2 2 17300 READ +N3 201) 020737 000000 000003 112172 001 407. 
1 1 819.<!lJ READ ~1>-iM 03 04 00:23 000000 000000 033174 001 24. 
2. 

,..f;IRC 
I 321J lJRITE NAM 03 013023 000000 000000 002272 001 2. 

1 384lJ READ SEG 24 000311 000000 000000 000637 001 0. 
2 2 17309 READ +DB 200 020740 000000 000003 112172 001 407. 
1 1 507lJ READ SEG 407 01 0662 OOOOOi.1 000002 152770 001 3;2;;::, 
2 ;,;. 17308 READ +DB 201) 020741 000000 000003 112172 001 407. 
I 1 1 .2 ew READ +DB 311 003062 000000 000000 116704 001 70. 
2 .=: 4991J REj(:iD SEG 407 004642 000000 000002 113277 001 294. 
2 2 17308 READ +C>B 200 020742 000000 000003 112172 001 4u7. 
1 I 126lJ READ +[)fl 31 I 003345 uooooo 000000 116704 001 7CJ I 

°' f 17109 READ +[lB 200 020743 000000 000003 112172 001 407. ... 
I 49561.1 READ MAM 03 06 0223 000000 000000 0265b0 001 20. 
2 .-, 1411.1 WRITE SEG 137 00&1 02 000000 000005 163206 001 671. "' N> i" It4 U>EV XLOG FH REL WHERE OM I SC PARM! PARl'l2 STAT 

0 c, '1 2 2 17308 READ +[>B 200 020744 000000 000003 112172 001 407. 

"""' 
34 I I 373lJ READ SEG 206 001130 000(100 000001 025574 001 1:n. -. 2 17308 READ +CiB 200 02 0745 000000 000003 112172 001 407. ... 

1 1 123W WRITE +C•B 311 003345 000000 000000 116704 001 70. -. 2 17308 READ +(18 200 0.20746 000000 000003 112172 001 407. .:. 
1 1 296W .t.IRITE MAM 03 012223 000000 000000 035400 001 26. 
1 1 2~32lJ WRITE MAM 03 144623 000000 000000 034564 001 ~s. 
1 1 1924lJ t.IRITE MRM 05 00(1(123 000000 000000 034230 001 ~,.,. 

,. .J • 

1 1 544\J READ MAM 03 012223 000000 000003 057106 001 383. 
t 1 OlJ FOPEH +[)8 311 0 0 00 (1(1 000000 000000 000000 001 
1 1 '926 (llJ REA[> MAM 05 000023 oooouo 000002 134763 001 31 0. ., - 99C:.l.I l,IR I TE +(l8 321 17c.'166 000(•(•0 0000ti5 162623 001 670. ~ "-
1 •DIPC 384\J READ SEG 24 001177 000000 000000 000141 001 (I. 
:.: 2 1'109 READ +C>B 200 015757 000000 000003 041252 001 37 0. 
1 1 :::0:731J PEM' ·-::r.~ ~ •)6 fll)5 (174 (I (11"11H1 (1 0 0 0 0 " I 025577 001 133. 
1 "'VI RC 3&4w f<:Ei:.u ·.:.·~· .. ~4 UUll.31 1 uuUU0~ uOuOOO ~u~~~6 Ooi Js~: 1 1 '!11 '.'\ .;rJ READ MAM 04 (t276~3 000000 000003 020170 001 
I '+i.>Ii<C 3$4lJ READ SEC, 24 Ulill77' 000000 000000 000556 001 Q. 
;;. ..; ~32lJ READ MAM 01 177023 000000 000000 007612 001 6. 

t fin· 
.•. 1 16lJ RE.AD MAM 02 131623 000000 000000 007622 001 o • .. 

r 1 rt XLOG FH REL lJHERE C1l'I I '.;.C. PARM! PARM2 STAT 
1 -t[• I RC 3841.I READ SEf> 24 000311 000000 000000 000563 001 0. 
1 1 5071J READ SE.;~ 407 tl01626 (1(1(1(1(!0 000002 153020 001 322. 

Figure 2. 

Sample IOSTAT4 Output 



However, External Pointers are not the only area to at­
tack. The number of Buffers available to Image is also a 
critical factor in overall performance. Increasing the number 
of buffers via the BUFFSPECS option in DBUTIL.PUB.SYS is 
generally a good idea as it increases the likelihood that the 
record that IMAGE needs is already in memory. This improvement 
can be phenomenal for very small databases or very complex 
ones. For small databases, most of the "active" records may 
fit in the IMAGE buffers and so almost no Reads will occur. 
For complex databases, the number of buffers needed for a 
single intrinsic call can be as many as 65. While this 
theoretical maximum is not likely to occur it is very probable 
that more than the default number of buffers will improve per­
formance. So why not set the number of buffers to the maximum 
(99)? Glad you asked! There are at least three reasons why not 
to .•. 

1. Buffers require that precious commodity called Real 
Memory. Using up memory for IMAGE DBCB~s may cause more 
swapping and those buffers may wind-up on the disc which 
is not what we want. 

2. The more buffers IMAGE has, the more CPU time that must 
be spent checking to see if the block we want is already 
in the buffers. This was measured, for a serial read ap­
plication (DBLOADNG), to be a variance of six percent 
more CPU time for maximum buffers over the minimum. 
Obviously, this could mount up on a busy system where 
the data we want is very unlikely to be in the buffers. 

3. 'fhere are dynamic areas in the DBCB that grow bigger un­
der certain conditions (locking or opens). The area in 
the DBCB that is left after the buffers are allocated 
may not be enough for your application (it wasn~t for 
several of ours). 

The number of buffers you decide on should be 
SET BUFFSPECS=nn(l/120) so that the same number will be used 
for all users to avoid DBCB expansions. HP seems to recommend 
15 to 25 buffers while others suggest 32 for an average ap­
plication (using BLOCKMAX=512). 

There is a direct trade-off between the number of buffers 
and the size of buffers. As we increase the BLOCKMAX or buffer 
size, we reduce the maximum number of buffers that IMAGE can 
fit into its DBCB. Many other factors also serve to compli­
cate the decision to use a larger BLOCKMAX. Larger blocks 
tend to be more efficient in disc space utilization and so 
slightly reduce disc needs. Certainly, fewer disc reads hap­
pen in sequential access modes. But the longer average access 
time can serve to slow down writes. 
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I believe that for many applications the default BLOCKMAX 
of 512 is NOT a good choice and generally recommend a size of 
1024 or larger for database-bound applications. Frequently, 
the maximum BLOCKMAX of 2048 seems to be the best choice for 
the systems with many reports or long chains. There must be 
an application out there that would benefit from a smaller 
BLOCKMAX but it hasn't found me yet. 

Increasing the BLOCKMAX has a pleasant side-effect of in­
creasing the Blocking Factors chosen by IMAGE. Unfortunately, 
IMAGE does not always pick what we would like for a blocking 
factor. Its choice is biased towards minimizing disc space and 
we want better performance! Some have solved this problem by 
using a feature of ADAGER (Alfredo Rego's legendary utility) 
to reblock the datasets. I am here to tell you that HP has a 
way by which you can select your very own Blocking Factor! 
Deep in the undocumented options of DBSCHF..MA.PUB.SYS is 
"CAPACITY: ccccc(bf) ;" where bf is any blocking f.actor that 
will produce a block within the BLOCKMAX. HP says that they 
have no plans to document this feature, but, they also have no 
plans to remove it. We are using it HEAVILY. 

Forcing Blocking is very useful when large BLOCKMAX's are 
employed and several small datasets get small blocking fac­
tors. In many cases, the entire dataset can be made to fit 
into a single block! In the case of large datasets, the in­
crease in blocking factor by one to two is often worth the 
slight increase in disc space required for the performance im­
provements gained. 

Occasionally, the placement of datasets on specific disc 
drives will improve system performance. While this would seem 
to be an easy thing to do, it is not. Deciding which of twenty 
or thirty datasets should be on what drives in what combina­
tions is nearly impossible. The easiest approach is to use 
FILERPT to make sure that the most frequently accessed 
datasets are not on the same drives. Also, related datasets 
(Master-Detail pairs) may be separated. Any gains made by 
this technique must be carefully watched as they are easily 
undone with time, new programs, and different access patterns. 

The choice of Item datatypes (particularly Keys) is 
another area that may severely affect application performance. 
It is possible to lie to IMAGE about the true datatype of a 
key in order to have it use a different hashing algorithm but 
this generally causes problems with QUERY and other utilities. 
It is generally best to use the datatype that requires the 
least space (I2 over PlO, Pl2 over Zl2). A secondary con­
sideration may be the computational efficiency of a datatype 
(Subfields may be extracted from P-types faster than from 
Binary-types). Unfortunately, this paper is about improving 
performance without changing your programs and changing 
datatypes means changing programs. 
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For a true life example, a 'rRANSACT/VIEW application was 
tested with various BI.OCKMAX and Blocking Factors. Figure 3 
shows the detail data related to the tests. The effect of more 
records per block is that fewer disc accesses take place until 
the IMAGE buffer limits are met and a performance plateau is 
re ached. 

Figure 3. 

Disc Accesses as Blocking Factor Varies 
BUFFSPECS = 16(1/120) 

BLOCKMAX= 512 1024 2048 

Blocking Factor 
Normal Normal Forced Normal Forced 

A 4 1 11 17 22 
B 21 31 42 85 85 
c 2 4 5 1 11 
D 3 5 6 11 13 

Total disc 
Required 23599 22610 24066 21201 22764 

'l'otal 1/0 
Required 183 173 151 153 

One hopes that the preceeding generalities may serve to 
cast a different light on the possible ways of improving IMAGE 
application performance. We must not forget that "All 
generalities are specifically Untrue". 

It would also serve to remember that these Global op­
timizations have a very large leverage as all programs are ef­
fected. While improvements to individual programs may easily 
provide more drastic results, many such separate efforts may 
need to be put together to achieve the same overall results. 
Also, the amount of effort expended is generally measured in 
hours for these Global optimizations rather than days. 

For Further IMAGE Optimizations 

Matheson, Wendy IMAGE/3000: Designing for Performance & 
Maintainabilityi 1983 Montreal IUG Proc. 

Guerrero, Jorge Image Introduces an End to the Broken 
Chain; 1982 Copenhagen IUG Proc. 

Greer, David IMAGE/COBOi.: Practical Guidelines 
Journal of !IP IUG, Vol. 6, No. 1 
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1. Introduction. 

This paper looks at the performance of RAPID and compares it with the 
COBOL language. It co111111ences with a short history of Data Processing, 
and reviews RAPID's use of the Stack and register, and contrasts this 
with COBOL'• Data Division, examining the different methods of space 
utilization. 

The potential effects of RAPID on the HP3000 are then examined in tenna 
of response rate and transaction rit.te, and the methods of measuring 
thh are outlined. The results which were obtained are shown as graphs, 
where the differences between the· two languages can be seen by direct 
comparison. An attempt is also made to "define" a t:vpical DP 
Development department, and using this theoretical model, the expected 
benefits and disadvantages are discussed. 

The opinions expressed in this paper are the personal opinions of the 
author, and in no way reflec~ Hewlett Packard's position or views. 

This paper is not intended to be a scientific treatise. It is aimed at 
the DP Manager who has either bought, or is considering the purchase of 
RAPID, and needs to know if that deci1ion is economically valid finan­
cially and also wishes to anticipate the effect on an existing or 
proposed CPU. 

2. History of Information Retrieval. 

Computing as we know it started life in the eal'ly 1960's. At thil 
time, collllll8rcial and technical computing were separated much as they 
are today, but were concerned primarily with the use and effectivity of 
progra11111ing languages, which were structured according to the needs of 
the application. 

Commercial computing relied upon the expertise of a highly qualified, 
highly paid programmer, whose raison d'etre was to design and code 
buliiness data syste11s for data capture and retrieval. However, tech­
niques for the capture and retrieval of data were primitive, and since 
utility sub-programs were in their infancy and not always available for 
the functions required, Systems Develop111ent required the expenditure of 
many man-houri programming, often "re-inventing the wheel", 
Information retrieval was therefore expensive, slow in development and 
Systems were not likely to be available before the User's requirements 
had changed. 

By the end of the 196o's, beginning of the 1970's, commercial computing 
had progressed to the stage where much more emphasis was placed on the 
development of data storage systems, and we now had the facilities of 
indexing and structure in addition to the simple sequential access 
methods. These served to improve the speed at which systems could be 
developed, and also allowed Data Processing Departments to employ less 
qualified people since the process of "Programming" had been simplified 
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by the introduction of these new file methods. At the same time, we saw 
the emergence of a desire to integrate these access methods into a 
simpler, more useful technique which tended to be called "Database" 
access. 

As the 1970's progressed, so did the ability of the industry to provide 
computer departments with reliable database methods. HP'• contribution 
was with a method which we call "IMAGE". Thia was, and still ia very 
popular. This provided the computer departments with increased effec­
tivity and reduced production costs, but did little tor the end-user 
since "Programming" was still required. The ambitious HP End-User had 
an advantage over others in that "IMAGE" was supplied with an enquiry 
tool called "QUERY". This allowed some interrogation of databases at 
the coat of a small amount of learning. 

How in the 1980'1, we have "RAPID". Thia provides that vital 
"Programmer" and "end-user" interface to reduce the requirement for 
programming for routine enquiry into data stored on your computer. 
(See Figure 1 for an indication of Rapid's importance to HP). 

Rapid (A ComparaUve Study) 
YID Tolol S.~o kl lt.027 -I 1ku Ool02 

-It.II._ 

J. RAPID Modules. 

RIEl.llJ UIS tu .......... 

RAPID consists of 5 modules. DICTIONARY, TRANSACT, REPORT, INFORM and 
the RAPID processor. These may be purchased together or individually, 
with the proviso that the minimum purchase usually includes 
DICTIONARY/3000. This is necessary because each sub-system uses the in­
formation included within the DICTIONARY to gain access to your data. 
Therefore, a DICTIONARY should exist on each computer which is able to 
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run RAPID. This DICTIONARY will be used unconciousfy by both End-User 
and Programmer. N.B. It is posdble to run TRAHSACT without a 
Dictionary if all Data Items used are declared in Define .Statements. 
It you are an End-User, then you will want to use INFORM. This 
provides you with the ability to interrogate data stored on the system 
without the need for programming, or indeed any computer know.ledge 
other than that required to log on to the syst-. It you are a 
Programmer, then you will want to use TRANSACT and REPORT. This 
provides you with the ability to write progr&11s at a higher level than 
ever before at an efficiency which reduces development time by up to 
3oJ by eliminating the need to re-specify access methods for your 
files. Also as a Programmer, you will be pleased to know that al} of 
the facilities that were available to you before are still there, and 
interface to RAPID very nicely. Such things as use .of SL's, Process 
Handling and special capabilities are all available within RAPID. If 
you are a not concerned with application development and run a produc­
tion environment, you will want the RAPID Processor. Thia will allow 
you to run the applications developed on other machines. Figura 2 
shows the processing sequence between the source code and the final 
running progr&11, which applies to systems with compilers only. 

Thus, RAPID addresses the COHPl1l'ER USER independently of his expertise 
in the computer field, i.e. the Professional Manager, Accountant, etc. 
can concentrate on his real business all of the time. 

The following notes reflect the Marketing material for Rapid, and serve 
to introduce the individual modules: 

3a. DICTIONARY 

DICTIONARY/3000 is a Hewlett Packard facility that provides a co11-
prehensive set of software programs that allow you to:-

1. Create any number of data dictionaries. 
2. Create and maintain entries in the dictionary. 
3. Create and maintain an IMAGE database. 

These programs provide for all phases of System Development, Production 
and Maintenance. 

DICTIOHARY/3000 provides an easy-to-use, interactive program for the 
creation and maintenance of entries in a data dictionary. The program 
provides a set of commands that you use to enter definitions and to 
maintain the entries in a data dictionary. 

The data dictionary is more than Just a dictionary. It is also a 
directory telling you where data is stored, who is responsible for the 
data, and much more. 

The entries in DICTIONARY/3000 data dictionary can define and describe 
an organisation's structure, identify the data used by an organisation, 
tell where the data is stored, identify what p1•ograms generate the 
data, and define and describe INFORM/3000 menu groups to report the 
data. 
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Thus, DICTIONARY/3000's data dictionary is a central repository for in­
formation about an organisation and the data processing environment. 

DICTIONARY/3000 also provides a complete set of utility programs that 
allow you to create and maintain an IMAGE database, and to transfer the 
definition of an existing IMAGE database into the DICTIONARY/3000 data 
dictionary. 

DICTIONARY/3000 utilities support all the functions of a database ad­
ministrator, such as, loading and unloading of IMAGE databases, and 
auditing of IMAGE databases. 

3b. TRANSACT 

Transact Programming Language (TPL) is a high-level computer language. 
TPL is compiled by the TRANSACT/3000 compiler whose output is then ex­
ecuted by the TRANSACT/3000 Transaction Processor. Both work in con­
junction with DICTIONARY/3000 to implement information processing sys­
tems unparalleled in efficiency and effectiveness. TPL is used in a 
wide variety of applications, including manufacturing, finance, and 
service, and it is used in a variety of industries, including 
electronics, communications, banking, oil, forestry, and entertainment. 
TPL users range from computer scientists, who design and implement 
sophisticated information management systems, to non-technical 
managers, who want answers to specific questions immediately. 

Rapid (A ComparaUve Study) 

The Transact Proce99ing Sequence 
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Jc. INFORM 

iNFORM/3000 is the End User's tool which allows him to interrogate data 
without knowing it's structure and organisa~ion. Some grouping of in­
formation may be required to be defined within the dictionary, but 
generally, the user needs to do no more than a "Fill in the Form" type 
process to obtain information from the computer system, or systems, to 
relate to his particular vantage point. The important thing about 
INFORM/3000 is that no computer knowledge is required to allow the user 
to gain access to his information. 

3d. REPORT 

REPORT/3000 is a product that allows you to generate reports, both 
simple and elaborate. In addition to data listings, the report may con­
tain, among other things, summary information, headings and calcula­
tions. Data definitions specified in a REPORT/3000 program come from 
two sources;- DICTIONARY/3000 and/or user-supplied specifications using 
REPORT/3000 DEFINE and ACCESS statements. REPORT/3000 is a high-level 
report writing language, report compiler and report producer, and uses 
Transact/3000 instruction syntax. REPORT/3000 can be correctly thought 
of as a progranuners tool, providing the ability to produce reports of a 
precise nature, e.g. specifying the exact contents of a given location 
on the page, and thus provides very precise formatting capability. 

4. Transact in the Development Environment. 

There are many views as to the use of RAPID in program development. 
They range from the committed enthusiast, to the outright disbeliever, 
who propose either that RAPID may be used for all systems, even the 
largest ones, or that the product is not fit for the development world 
at all. Obviously, the truth is somewhere in between these two ex­
tremes. One thing that can be said of RAPID is that the expections of 
the majority of users and pbtential users are incorrectly set, and it 
is this by and large which causes the wildly varying views. 

RAPID was produced to allow simplistic programmatic control of other HP 
products such as Image, KSAM and V/Plus, using the intrinsic interface 
in the same way as any other program language would control components 
of the Fundamental Operating System (FOS). This makes it great for data 
file creation, modification and deletion. RAPID was not produced to 
calculate numerical results requiring high precision, nor was it 
produced to calculate resultant values from arrays of figures. This, 
therefore, precludes engineering or actuarial applications from the 
RAPID domain, but makes it ideal for the majority of file applications 
such as Inventory, Financial AccCunting, Order Processing, Personnel 
and Administrative record keeping, in short, 111ost commercial 
applications. 

Traditionalist development organisation is concerned with the cont1·ol 
of the system and its component programs. Data is conceptually a 
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structure providing an interface between systems and programs, and in 
itself causes the perpetuation of many operational problems, usually 
because of the difficulty, costliness or timeliness of change. In 
RAPID, the emphasis is very much on the fundamental data item, or more 
correctly, data element, and recognises it as a resource to be managed. 
This encourages the designer to start "at the bottom", (do not confuse 
with standard structured design techniques), using his data item as a 
building block, from whi.ch he "assembles" his application. 

If one starts systems development from the "bottom up", instead or "top· 
down", an opportunity is provided to the designer to quality the neces­
sary attributes to the data element to provide, at the elemental level, 
complete qualification as required by the environment, the sizing and 
typing for its operational use, the classification for organisation and 
management, and the documentation providing further information, but 
including a where used list. Thia has many benefits and advantages to 
the designer in that duplication ot data ia avoided, and file genera­
tion can be a process of selection of Data Elements from a Company 
Dictionary, and this often leads to the elimination of redundancy in 
the elements of a file record. However, this only helps where standards 
require some assistance and is no use in well managed systems. However, 
well managed systems are usually young ayatems, and old systems usually 
need all the help they can get. 

Because RAPID starta at the bottom, the definition of any given data 
element tends to act as a standard. In the courae of time, that element 
percolates through the organisation enforcing that standard into each 
system or program of which it becomes a part. 

5. How Does Transact Work. 

Transact is an interpretive language. Instead of converting from the 
primary source code at run time, it requires an intermediate compile 
step which converts the source into a form which is syntactically cor­
rect and has some external references resolved. It is therefore 
analogous to Basic/3000 when executing from a "FAST" file, but here the 
similarity ends. When data is processed by a Transact "program", the 
"program" which the user believes is executing is in fact a data seg­
ment of another program, "Transact" itself. This is not so different to 
the previously normal method of executing instructions within a CPU. 
The difference is, that whereas the CPU is using the code segment as 
its source or instruction in say, a Cobol program, RAPID replaces the 
CPU with the Transact processor, and the code segment by a data segment 
containing both code and stack. So what's new7 Its like interpretive 
Basic/3000. Yes? Noll Basic/3000 interprets the code and emulates the 
machine language which a compiled program would normally produce. In 
performing this way, no consideration is given to the needs of the ap­
plication. RAPID on the other hand, is designed to perform application 
needs, not instruction set functions. RAPID is therefore capable of 
performing the execution of many .machine instructions through the 
interpretation of one master transaction instruction. 
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Rapid (A Comparative Study) 

Transact Program Data Stack Layout 
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This gives a sequence of instructions which do not just expand one 
instruction into many, but also include loops for mandatory or optional 
repeat functions, error warnings and aborts, links to a standard opera­
tional environment and many conditional exits which allows the program­
mer to concentrate on the application at the functional system level, 
and to avoid the repetitive routine programming that seems to be un­
avoidable in most other programming languages, Figures 3 and 4 show 
the layout of the stack as used by Rapid, parts of which will be ex­
plained under Rapid and Cobol differences (Section 7). 

6. Compare COBOL's Data Division with RAPID's List Register. 

Good programming for the Cobol program starts with the construction of 
the Data Division. Here we can organise our data in convenient groups 
of records and sub-records which we can clarify by level, starting with 
the smaller level numbers grouping the larger structures, and the larg­
er level numbers controlling the component groups and items within the 
larger groups, What we have here is an organisation of a memory into 
discrete areas which are used for specific data items whose individual 
use does not vary as a rule. In these areas, the fundamental require­
ments of the commercial program are performed, that is, the input of 
data from a file, the massaging of that data, and consequential output 
of the changed data to another file. This is suited to "Top Down" 
design u opposed to Rapid 's "Bottom Up" design by encouraging the 
designer to think Files first, then Records and lastly Fields. RAPID 
has no equivalent to the Data Division. It does have a memory space 
which is controlled by the List Register, and Data Register among other 
registers, but the Liat Register uses the principles of the Stack to 
enable, theoretically, the same area of memory which was used by one 
data element, to be used by another when the requirement to maintain 
the first element is finished. This allows RAPID to minimize the 
Working Stack, between Q and S, and with the in-built use of the ZSIZE 
intrinsic, the size of the stack need never be larger than is required 
provided that the design is RAPID rather than COBOL oriented. 

How COBOL uses the memory. 

Now the fundamental memory data unit of a process is the stack. 
(Simple Data Segments and Extra Data Segments are gained as required, 
and can be considered as common to all types of process for the pur­
poses of this paper). The stack can be thought of as an area of memory 
which is managed by three control processes. The first is the system 
control over which you as a usei· have little control. This affects the 
PCBX and from time to time some parts of that area between Q initial 
and the current top of stack S. The second is controlled by the lan­
guage. This area is the DL-DB area into which the V-Plus Globals and 
com-area extension is placed together with the V-8uffer. Again, you the 
user have little control here. The third area is controlled by the 
user, and includes the Global Area DB to Q initial, where the file 
records an stored, and the Q initial to Z (Top of Stack), which is the 
working stack where run time values and inter-program parameters are 
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stored. See Figure 5. Now the important point about the run time 
stack from our point of view is that the areas defined by the Data 
Division are located in this Global Area between DB and Q, and that the 
Local Area between Q and Z contain only the current computation values 
and parameters. Therefore each defined elementary field will occupy 
space on the stack, whether it is used or not, and the tendency to ex­
pand or contract Q to S for Cobol is small, but is dependent upon the 
application. 

Rapid (A Comparative Study) 
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RAPID memory utilization. 

The RAPID stack is configured similarly to the MPE stack, and can often 
be confusing because of this similarity. The places which are different 
are those concerned with the control of the PCODE. This includes Pcode 
control, the Pcode itself and the run time control which also is main­
tained within the P1·ocess Data Segment. Thus, there is an overhead 
with all RAPID programs within the stack which requires a minimum of 5K 
words where these associated control variables are stored. This 
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generates a need for more memory in a RAPID application than for the 
equivalent COBOL program. Then there are differences in the efficiency 
of machine instruction generation between the two languages, but this 
is not worthy of consideration in terms or memory requirement, since 
some RAPID code requires less me11ory than the equivalent COBOL code, 
but some COBOL code requires less than the equivalent RAPID. It depends 
upon what you are doing. 

The important thing is, because RAPID tends to require more, typically 
greater than 20K words compared to about lOK words tor an "average" 
COBOL program, the Data Stack is much more likely to be a candidate for 
Swap Out, and the Data stack is also more difficult to load. RAPID, 
however, has the ability to expand and contract it's stack automatical­
ly, and can require less room. Unfortunately, this benefit is marred by 
the HPE mechanism tor changing stack sizes which uses a swap to virtual 
memory to achieve the change. Therefore the reduced memory requirement 
enforces more memory management I/O which is, on balance, much more ex­
pensive in real te1'111s to the User because of the time involved and the 
conflict with other processes. 

Once the actual memory requirement is established, the use of that 
memory by RAPID is probably superior to that or COBOL. I do not include 
here any requirement for "number crunching" which RAPID does very bad­
ly, about 20 times slower than COBOL, only the concept behind the usage 
which does not enforce typina or code conversion as a mandatory 
requirement. Fundamentally, RAPID uses the memory defined as a stack of 
Bytes. They are organised in Words in practice, since MPE works this 
way, but it is very easy with RAPID to split and re-combine words in 
non-logical ways, usually inadvertently, and this can cause problems 
when testing a finished program it Data Manaaement is not included as 
part of the "stack" design. 

7, Differences between RAPID and COBOL Memory Utilization 

Once a COBOL program has been written, the Data Division contains the 
definition of how the memory will be used, and implicitly, how the run­
time stack will behave. RAPID has no similar mechanism which allows 
for this pre-definition of a memory area except for that area required 
for Transact's own global variables, and the mandatory pointers. This 
on average requires 5K words and is an overhead which RAPID enforces, 
and is one of the first areas created during start up. Then, with a 
recognisable stack structure set up, the IP code file will be read into 
the current top of stack 'S', and this will contain information on the 
Procedures, Commands, internally defined items and the interpreted code 
held in the PCODE register. 
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Rapid (A Comparative Sludy) 
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The COBOL progrBlll file whilst equivalent to the "IP" file, has the 
abilit, to store its code in a code segment, thus reducin1 the apace 
required in the data stack, but not the total requirement for memory. 
Thia also has the added advantaae of allowing the code to be re­
entrant, i.e. numbers ot users can execute the code from different 
points, independently, and provides for savings of aemory as the nU11-
bers ot users increase, since only one copy of the code is ever 
required. RAPID must always hold a. uniqu11 copy of the code tor each 
user, tbua there is an inefficiency of memory usage for increasing num­
bers of RAPID users. During operation, there are ditferencea again. 
COBOL uses data items defined in the DB-Q area which reaide in fixed 
locations. The same items in RAPID, are laid down as required, and 
will appear in the Data Register. Thia will be found in the Q·S area 
in the stack, see figure ). Thus whatever apace is defined by COBOL 
during pro1ramming, that apace is required at the stack for the dura­
tion of execution. Items defined in RAPID do not require space until 
they are re~uired for use and the space requirement can be removed when 
it is no longer required. Finally, COBOL does not automatically adJust 
its stack at runti-. Once defined and prepared with given stack or 
maxdata values, those are the values which will generally apply 
throu1hout the execution of that program, unleH specific stack size 
measurement and adJustment is included by the programmer. Expansion of 
the stack is automatic up to maxdata tbrouah nonnal MPE operation, but 
reduction is not. RAPID has calls to ZSIZE built in, therefore, RAPID 
can not only take advantage of MPE, but also can to a limited extent, 
adJuat its stack to suit the space required at run time. Figure 6 
shows the main differences between the two languages. 

21-12 



8. Affects on the processin1 ability of the HPJOOO. 

Comparative Performance by Response 

From a paper by Roy Hartin, September 13th, 1978 we can estimate the 
transaction response time of the processor from the simple equation. 

R = Q x C 

where Q is the average queue length 
and C is the average transaction completion time 

Q is calculated by T - (H/C) 

where T is the number of terminals 
and H is the think time per transaction 

In a specific measured case, think time was measured at 10 seconds, 
transaction completion time was 0.5 to 0. 7 seconds and response time 
was estimated from the above equation to be nil until more than 14 ter­
minals were active. The actual response time when measured on a small 
machine was found to start increasing from 4 terminals, but this was 
shown to be due to the process under measurement not being memory resi­
dent. When they were memory resident, the theoretical model provided a 
good fit with the actual results. Using the results developed in Roy's 
paper provides us with a base line which looks at specific bench marka. 
We can therefore take the "think time" /"transaction completion time" 
ratio as a universal measure of performance in terms of response, 
regardless of what language the transaction is written in, and reduce 
the problem to a simple measurement of the time required to complete a 
given process. 

Rapid (A Comparative Study) 
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The Masurement or the time required to complete a given proceu is 
fairly simple to achieve. See Figure• 7.8 and 9. Simply a question or 
preparin1 a RAPID pro1r11111 and a COBOL program to perform the ·stated 
process, and then running each on a dedicated machine. i.e. on their 
own, using the s-e configuration in each case. then meaaurinc the time 
taken, preferably over a finite number or repeated processes. To be 
scientific, one 1111at perform thi• operation for each discrete type or 
proces• possible, and evaluate the implication of loading. unloading, 
virtual 11emocy functions etc. on the process in question. to ensure 
that the result• can be extrapolated for any 1eneral multi function 
process. For a commercial evaluation such as this, this rule does not 
need to be so rigourously applied, since an answer in absolute terms is 
not required. With the transation process identical we can simply 
measure the time taken to complete one cycle (simulating one terminal), 
then run the process in conjunction with itself (simulating two ter­
minals) and so on till we have enou1h processes runnin1 to limit the 
response time and build up a wait queue. The thinking time within the 
process is achieved by simply performing a non-effective loop until the 
think time has elapsed. The transaction itself was structured to use 
image calls to allow the addition of Detail records to a database using 
autc>111atic masters for simplicity. and measurements taken as above tor 
both COBOL and RAPID. This gives a aeries of values indicative of a 
transaction using DISC 1/0. Then removing the Put statements, a 
11eas\U'e or the processing exclusive to the disc I/O can be obtained. 

Rapid (A Comparative Study) 
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Rapid (A Comparative Stl1dy) 
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Comparative Performance by Transaction Rate 

All performance measurement is tricky and is dependent upon the 
specific conditions under observation at the time. The measurement of 
transaction rate is even more difficult since one must arbitrarily 
decide what constitutes a transaction. Further, one must qualify the 
transaction as light, medium or heavy. The theoretical transaction 
rates for a perfect machine are shown in Figure 10. The actual results 
and summary of losses when compared to Cobol are shown in Figures 11 
and 12 respectively. 
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For the purpose of this study, I used a direct read from an MPE editor 
file and an Image add to a detail data set with automatic masters as 
before. However, the disc 1/0 is aimed at producing 5 I/O's per second 
per transaction, about what is required to add 1 record to the data 
set. Each process performing the transaction will prefix the key field 
with an identifier based on the PIN n11111ber and will serve to make each 
detail record added unique by process. Then, using a similar launch 
harness as was used for response measurements, we can attempt to 
saturate the CPU and measure equivalent transactions per hour for both 
RAPID and COBOL. At the point where the CPU begins to saturate, we can 
obtain a measure by number of processes (or terminals) of the 
transactions per hour for the given transaction that the specific CPU 
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can tolerate, and we can determine the approximate differences for a 
RAPID or COBOL program. If we try to load the CPU beyond this point, 
we can expect the effective maximum rate to fall, due to the increasing 
overhead of MPE. 
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Perfonance of the Development Team 

I can not set up a simple benchlllark to indicate the effectivity of one 
language over another. Apart from the implicit design considerations 
which apply to all languages (there is no substitute for thinking), 
there is the added impetus gained from familiarity and from preference. 
If I were personally left to program in any language, I would choose 
PASCAL, but if I had to develop within a budget, I must choose RAPID. 
The differences are governed bJ esoteric satisfaction in the language 
itself, or bJ the demands of the economic world in real or wooden dol­
lars. To take a simple example, the production of a report, led us to 
look at the steps involved in writing this in COBOL. These would be as 
follow1:-

1) Design the layout 1 day 

1/2 day 
2 days 

1/2 day 

2) Agreement from the user 2 hours 
3) Prepare program specification 
4) Program/Code/Input/Compile 
5) Teat 
6) Approval from the user 2 hours 

2 hours 7) Implement 

4 da1s 6 hours 
Figure 13 shows a typical development sequence indicating the 
areas where Rapid can improve the performance of development. 

Rapid (A Comparative Study) 
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Now on the surface, RAPID offers very little advance over the above 
except in functions 3 and Ii. Even a 1001' saving here offers only 501' 
saving overall. Obviously this maximwn saving is not physically pos­
sible, but, for the average but simple report, RAPID requires 1 state­
RJent to "OUTPUT" the report, and one statement to satisfy format 
requirements. Compare this to the 200 line program required by COBOL, 
and you can see that large savings in the coding functions of 3 and Ii 
alone are indeed possible. But, since the function of the systems 
analyst is to provide the interface between the user and the computer 
staff, and since the act of programming has been so greatly simplified, 
it now becomes possible to allow the analyst to produce reports direct­
ly from the initial discussions with the user and to bring the user 
much closer to the sharp end of programming so it is thus possible to 
1·educe function 1 by 501' and function 5 almost entirely, assuming of 
course, that sufficient valid data is available from the start. 
Therefore, assuming a 50" reduction in those functions the steps invol­
ved in writing the report in RAPID are as follows:-

1) Design the layout with the user 
2) Agreement from the user 
3) Prepare program specification 
4) Program/Code/Inpu~/Compile 
5) Test 
6) Approval from the user 
7) Implement 

1 day 

3 hours 
2 hours 
1 hour 

2 hours 
2 hours 
2 hours 

2 days 4 hours 

This compares favourably with COBOL'• 4 days 6 hours. 

• 
• 
• 
• 

Now it is true that the reporting abilities of RAPID are superior by 
far to its other functions, and results like those above are very easi­
ly obtained in most cases. Further, the abilities of INFORM, which 
places the power of the CPU directly into the users bands, provide a 
very powerful means of "offloading" much of the DP departmental dross 
ot utility reporting to the user departments where I believe it should 
be. However, with such a tool, it is possible for the user to request 
a 50,000 line extract, sorted and printed, which may be at best un­
avoidable, but is at worst wasteful since if the user is uneducated in 
computer matters, he may have requested the wrong information, and will 
immediately re-start the process again without using any of the 
previous output. This is not important provided that the CPU is dedi­
cated to user functions, but often it is a shared resource and there is 
not too much spare capacity. Two points thus arise. Firstly, because 
the simplicity of RAPID allows more uncontrollable wastage, it is im­
portant that User Computer Education takes a higher priority than 
before, and secondly, the primary usage of resources using RAPID being 
the CPU and peripherals, i.e. not labour intensive, the computer 
budgets should include a provision for larger machines to cover both 
for the increased usage and also the increased waste. This total in­
crease should be between 10 and 201' of the whole. Note that the labour 
content although not mentioned, is expected to reduce by 301'. Now 
assuming an average DP department of 20 people at say $30,000 per head. 
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(Thia ticure ta probably low) we can expect labour savings on the 
current achievement rate ot:-

Saving • (30.000 x 20) x 30 

100 

• $180.000 

or in other words an effective increase in the current department of 6 
heads to catch up with backlogs. Figura lit givea a reasonable "gues­
timate" of the investment/time differences between the two languages. 
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On the negative side, the current expenditure per annwa on hardware for 
the average installation (using current leaaing figures) is ap­
proximately $200.000. An increase of 2()J requires an additional 
$40,000 to be spent on hardware U the RAPlD approach le taken. 
Compare this with the gain from above of $180.000 and you can aee that 
a lt50J return per annum is worth having. 

Incidentally, when I refer to the "average installation" I refer to 111y 
own experi!tnce of development teams in the U.K., who generally use 
Model !tit machines with 2MB memories. 
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9. Benefits and Problems. 

Problems: Limited arithmetic and table handling. 
No use possible of the segmenter. (No Link Edit facility). 
Large stack requirement caused by:-

a) Transact Outer Block Variables. 
b) Holds source code with data. 

Changing stack sizes requires Virtual Memory Swapping. 
Use of "Load Proc" intrinsics dramatically slows program 
load times. 
Data Bases are locked at Basa Level only. 
Large applications require planning. 
Can be incompatible with existing development in other 
languages. 
Requires a new approach to high level programming which 
is unfamiliar to most pro1rammers. 

Benefits: Saves 30~ of development time. 
Saves much in development cost. 
Good performance if not "number crunching". 
Compact. 
Automatic Global environment defined. 
Simple and powerful De-bu1ging aids. 
Variable Data stacks. 
A better approach to Information Management. 
Reduced Application Development Costs. 
Increased user involvement and satisfaction. 
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10. Summary 

To sum up, it seems that RAPID is not as efficient as COBOL, but then 
neither is COBOL as efficient as Assembler or Machine Language. It 
requires more memory and more CPU, and the elapsed time can be longer 
if compared with a COBOL/RAPID benchmark on the s1u11e machine, mainly 
due to the additional work which RAPID must do in the interpretive 
phase. On the plus side, allowing for adequate training in RAPID which 
would require the same time per programmer as for COBOL, (About 6 
months}, System Development is much quicker, particularly if using 
Prototype techniques, and this additionally provides benefits in draw­
ing the User much closer into the design and development phase provid­
ing faster System Accuracy and Acceptance. Standards are easier to ac­
cept and maintain since RAPID builds on Standard Operational Procedures 
and Error Processing, and during the development and maintenance phase, 
speed of compilation allows RAPID modification and enhancement. 

For the efficiency, Figures 9 and 11 show that the difference between 
the two languages are so small, (10-2Ql'), that they could almost be ig­
nored, however, in the real world, perfonnance tends always to worst 
case, and the wise DP Manager would be wise to order 10-20l' more 
hardware. Compare this add-on coat to the savings of 30l' in the 
development budget, (or ability to do more development for the same 
coat), and one can see that the savings far outweigh the cost. 
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we are watching the beginnings of a fundamental change I believe in the 
way in which Development of Software is achieved. Because software is 
so expensive, it is imperative that reductions in cost in the develop­
ment phase are achieved wherever possible, and that the power of the 
computer is used to this end. The primary objective is cost, the secon­
dary objective is simplicity so that the computer is brought closer to 
the user. Unfortunately, I believe that this signals the demise of the 
routine programmer. Obviously good programmers will always be required, 
(for a while), but the current shortage of routine programmers will be 
met by "Smart" software. RAPID is the first step on this road and for 
the HP3000, the DP Manager really does not have a choice in whether to 
buy RAPID or not. It should be present on each HP3000. To quote the 
marketing literature again, "It'll cost you thousands of dollars to buy 
this software from us. Or millions if you don't", states what is almost 
a universal truth. This satisfies the primar;v objective of cost by 
successfully implementing the second objective of simplicit;v. There are 
one or two problems with RAPID it is true, it is a new product, but 
those who remember COBOL when it first hit the market place will tell 
of the far greater problems that COBOL had at the time. 

11. References 
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lAS/3000 

Integrated Aceow1ting System for the HP3000 

1. MAJOR FEATURES AND DESIGN AIMS 

IAS/3000 is CODA's Integrated Accounting System for the HP3000. It 
addresses the main functional areas of Sales, Purchase and Nominal Ledgers. 

IAS/3000 is designed to operate in an accounts department and to enable the 
accountant to keep accurate books, control cash flow and to produce 
management accounts. 

Designed for the HP3000 

IAS/3000 is specifically designed for the interative database environment of 
the Hewlett-Packard HP3000 range of business computers. 

Designed for Accountants 

IAS/3000 is an accounting system designed, developed and supported by 
accountants for accountants. It is the product of many years experience of 
managing accounts departments on the part of its principal designer. 

IAS/3000 does not require the user to have any detailed knowledge of the 
HP3000 computer or the internals of the package. 

F..asy to use 

Throughout the development of IAS/3000 careful attention has been paid to 
ease of use. The system offers clerks and supervisors simple, well controlled 
and reliable input procedures. It also offers supervisors and managers easy 
access to information in detail and. summary form. 

Easy to install 

Installation by a CODA accountant is 'bundled' with the package. 4 to 5 days 
is all that is required to discuss, agree and set up the parameters which will 
tailor the database for the chart of accounts, documents, ledg~rs etc you 
require. 

·Transferring customer/supplier names and addresses and nominal accounts from 
your old system Is made simple with the IAS/3000 Aids programs supplied with 
the package. 
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Interactive 

All updating is performed interactively on a document by document basis. No 
input is accepted unless the document balances. The books are always up to 
date and balanced. 

IAS/3000 is designed to put terminals on the desks of clerks who originate the 
data. Conceptually each clerk has a copy of the up to date books on his/her 
desk and can enquire on or make entries to them Interactively. We like to 
think that IAS/3000 takes you back 150 years to the days before batch 
computers got in between the Accountant and his books. 

Integrated Sales, Purchase and Nominal Ledgers 

IAS/3000 is a totally Integrated accounting system covering the major areas of 
Sales, Purchase and Nominal Ledgers. 

The Sales and Purchase Ledgers are identical ~ but different. They use the 
same file format but various programs are optimised to serve the sales and 
purchase staff. It is possible to buy from a customer and sell to a supplier. 
It ls also possible to pay a customer and receive payments from a supplier. 

Up to 99 companies, each with 99 Sales and Purchase Ledger 'Control' 
Accounts, may be configured within each IAS/3000 database. Any number of 
databases may be set up on the one HP3000 using just the one copy or 
licence for IAS/3000. 

Other Ledgers 

In addition to the 99 Sales and Purchase Ledgers lAS/3000 will also support 26 
other Ledger Sections within each of the 99 Nominal Ledgers. These Ledgers 
support detailed analysis of nominal ledger entries. Typical uses are analysis 
between Contracts, Projects, Jobs, Parts, Fixed Assets, Employees and Expense 
Codes. 

Books On-line Indefinitely 

The heart of lAS/3000 is a database of nominal detail entries made to the 
books. IAS/3000 will retain these entries on-line on disk for up to 99 years 
subject to the availability of the necessary disk space. A special 'Archive' 
program will copy over into a separate database all documents older than a 
certain date; on enquiries the user .then has the option to enquire on the 
'active' data or the 'active' and 'archive' data. There can be 99 generations 
of archive. 

CODA normally recommend that as a mm1mum, you have sufficient disk 
storage for the whole of a financial year plus 3 months until the auditors 
have completed their work. This eliminates most of the hard work at year 
end for the accountant. Every entry in the books is instantly available at the 
terminal and searching through month end printouts is completely obviated. 
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Comments, Remarks, Descriptions 

The handwritten memorandum comments traditionally scribbled on ledger cards 
etc can be recorded in the IAS/3000 books on line on disk. Each document 
and each supplier or customer account can have a comment attached to It of 
up to 64,000 lines each of 30 characters. 

Remarks can be entered and printed on a particular run of remittance advices 
or statements. 

A 30 character description is allowed on every individual detail entry In the 
books. 

The IAS/3000 philosophy is that it is much cheaper to store this information 
on disk and have it Instantly accessible than it is to store it off line on paper 
and filed manually in several places. 

Security 

Every customer, supplier, nominal and expense account ledger, company and 
document type can have a security status to prevent unauthorised access. 
The level of access allowed for each operator can be set at individual 
function level within a program and at program level. For example an 
operator can enter cash but not mark it off; an operator is allowed Into the 
mark off program but only to perform one of the 12 available types of 
allocation (each type is a function within the program). 

Budgeting & Accounting Data 

When documents are entered into the IAS/3000 database detail book-keeping 
entries are posted to the appropriate nominal ledger accounts and customer or 
supplier account. In addition the system adds the entry values to the 
appropriate period balance and current balance for each nominal account. 

A set of period balances is kept for each nominal account for up to 99 years 
for up to 26 budget codes (A-Z). A is reserved for Actuals, typically B is 
used for Budgets, F for Forecasts, E for Estimates etc. These sets of period 
balances are available to be used and reported on by the Financial Reporting 
System which is an optional part of the IAS/3000 package. 

The period balances for budgets, estimates, forecasts etc may be set up and 
manipulated very easily. Individual period balances (up to 18 in the year) may 
be entered or an annual Cigure may be phased or spread over the individual 
periods using one of up to 99 tables of spread factors. 
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Financial Reporting System (PRS) 

A set of programs enable the Accountant to design, with simple fill in the 
form screens, his own Final Accounts and Budgeting reports. He can draw 
on the nominal account data described above and merge nominal accounts 
together in a number of different formatted reports. He can meet the 
reporting requirements of head office, company, directors, managers and the 
accountant. 

A set of period end accounts can typically be produced within minutes of 
making the last real entry in the books or an adjustment to a budget figure. 
FRS Is designed to enable the accountant to produce several sets of accounts 
within a few hours iteratively approaching the answer he is searching to 
achieve. 

Multi-curreney, Multi-lingual 

IAS/3000 is installed in a number of European countries. Facilities have been 
included In the package to conform to the statutory requirements of those 
countries and foreign language screen and report formats are available. 

The base or home currency of the database can be any currency and IAS/3000 
has automatic dual currency operation features on Import/export accounts and 
nominal accounts. 
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2. PURCHASE LEDGER 

The aim of the purchase ledger system Is to allow the supervisor and clerks 
to maintain firm control over the ledger. The effort required to 'run the 
system' has been minimized. 

Many features are included to ensure any supplier discounts available are 
infact taken and suppliers are paid as late as possible but at the same time 
avoiding complaints. 

'lbE! Sueplier File 

The supplier file contains extensive information about each supplier:-

Account number and optional 'alpha sort keys' which enable the supplier 
to be listed under and accessed by additional keys as well as the 
account number. For example the Pearfoot Motor Company Limited 
may be found by it's account number or 'Pearfoot' or 'Pear' or 'Foot'. 

Account numbers for the Group this supplier is a member of, a Cross 
Reference Account in the Sales Ledger and a Factor Account. 

Name and Address information. 

Telephone number, telex number, contact name, company short name. 

Terms - early and standard payment terms and the rules for their use 
if a due date is entered for an individual invoice. 

Currency marker - refers to a table of exchange rates held in the 
IAS/3000 database. 

Security code - each account has a code to prevent unauthorised 
reference. 

Priority - a method of grouping accounts which may be scattered across 
more than one ledger. 

Method of payment - prov1s1on for manual payments and payment by 
computer of Cheques, Credit Transfers and BACS tape. 

Analysis codes - 4 four character and 10 single character fields can be 
labelled and used for analysis purposes typically by Order Processing, 
Sales Analysis suites integrated into IAS/3000. 

Credit limit, trading limit, turnover history fields and Current Balance. 

Additional user defined fields. 
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Enquiries/Reports 

The following reports are available on demand:-

Remittance Advices 
Ledger Cards 
List of account balances 
Age Analysis 
Proposed Payments Lists 

Selection can be on the following:-

All accounts in all Purchase Ledgers 
All accounts in a Purchase Ledger 
A range of accounts 
A range with up to twenty exclusions 
Up to twenty individual accounts 
A single account 

In addition, within the choosen accounts, selection may be by:-

Input date, Document date, Due date 
Current account balance 
Priority 
Document type 
Status (Paid, Not Paid, All) 

All reports, with the exception of the Age Analysis, can be produced either 
on the VDU or one of Hewlett-Packard's wide range of printers. Examples of 
Ledger Card, Remittance Advice and Age Analysis reports are shown overleaf. 

Purchase Invoice Register 

An optional feature of the system supports a register of purchase invoices. 
This allows invoices to be recorded at time of arrival in a memorandum file. 
The register subsystem provides reports on registered invoices awaiting 
approval and entry. It also allows comments to be added to the entries. 

When a registered invoice is entered into the books, it is not necessary to 
re-input the details on the register. The information registered does, of 
course, include provision for the supplier's invoice reference and/or a 
comment. 

Any VAT input tax on registered invoices can be reclaimed even though the 
invoices have not been passed for entry. 

The register invoices can be included on purchase ledger reports thus 
considerably simplifying the task of reconciling suppliers accounts. 
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Remittance Advices 

Remittance advices may be printed at any time for any account and may 
contain any entry which has not been notified to the system as paid. 

A typical Instruction, illustrated opposite, could be:-

Print remittance advices for all accounts Including Invoices up to 31st January 
and any credits up to date. 

This Instruction could be varied by specifying the balance of the account, or 
the balance of the remittance advice which would be printed (le pay everyone 
with a balance less than £100). It can also be varied by the users payment 
priority (pay only those suppliers with top priority) or by suppliers terms (pay 
overdue accounts only). If all else falls the user may examine a suppliers 
accounts and select one by one which items are to be shown on the 
remittance advice. 

The printing of a remittance advice does not cause the system to think that 
the account has been paid. If open Item remittance advices are printed all 
'unpaid' Items are available for selection. If brought forward then only those 
items added since the last real remittance advice was printed are available 
(dummy or draft remittances can be printed without changing this brought 
forward status). 

Brought forward or open Item are print choices and do not affect the 
Information held by the system. 

Remittance advices can be printed separately from cheques or an Integral 
cheque/remittance advice can be produced. 

Payments 

Payments may be made by manually produced cheques entered Into the system 
or by Cheques, Credit Transfers or BACS produced by the system. 

Where cheques are made out In sequence but signed and released at a later 
dale they may be placed on a register and •entered' by releasing them within 
the system. 

Where payments are covered by a remittance advice this can be 
conununlcated to the system. When the cheque is entered, It and all the 
Items on the remittance, are marked as paid and will not appear on future 
remittance advices. If an attempt is made to enter a second cheque paying 
an invoice, the system reports the error. The cheque can however be entered 
as not paying anything and Is treated as being on 'account•. 

Optionally a proposed list of payments can be interactively assembled and 
manipulated on the VDU screen. A target date can be entered and, using the 
payment terlJlS on the suppli.er file, the value of discounts which can be taken 
Is calculated and listed. Once a Proposed Payments List Is agreed upon It 
can be passed lo the program which prints Cheques, Credit Transfers and 
BACS tapes. 

22-12 



N 
~ .... 
(..> 

l_ 

th•~ Uuuei.l lt itdJIUJ l,;.tiinpauy ltd. 
4~'! U1ql1 ~tn.~tH 

Uu1~kH l~ 
l ll:li~ 
'tQri;!:oh.ll"U 

1 ~l .-\AX 

t:l!'•U fhul ltU,Uf Lo. l.t&I. 

ln J w1~wt.! I t b.u· •"I~ 
~-•Ll tit.7u' "" Dr J vt: 
Ct-'•l'ILTOM 
lfu t l ~~ 

1-1 I;,\"/ ."f>BH 

--- ____________________ __, 

r:-r~·- -~ 4 Jttu lJlt .!O 140 ln• AL;7bY'lt. 
'~ Ju I llU .!U 14'4' Inv '1l;777tJ7 

-4 f:.uu IJU .Ju 14l1 lnv AG./?YJI 

l1tleph8Ulit l:iJ2-4312:.6 

leltu 

-

12J45b 

l'll:!:M:C TTANCI::: 

r. .. nv :c ci::: 
_ .... /.t.950 - 9 liec 81 

c- -
29.50 

I~~::~ 
29.50 

11'2.5U 
241.49 

th1• i~ • !iii"'fllV •f t1 two line rwsa•q• t• ttttAd t• pee.ple. 
H•µ••tt Ch1·t••r-.ui. Ple••• aeod va "•n•r newtflttttltlltflllllt 

• 

lhe H•n•tit l1·•dU1&1 Ce,.p•np Ltd. 
42 H1q,, ~lree1 
Out•kir l• 
LECJiS 
'•rklihire 
LSI JXX 

P••rfvet Keser ~ •. Ltd. 
1Dr i vewe 11 G•t· •ti• 
!it. Seo1re1r Drive 
CARLlUH 
Hott• 
NU7 Jlllf 1'1>950 

9 Dec 81 

Rl5 

- ........ £ -
14 hn 110 20 14U 29.51 
2J .Jwl ~~ 21 

·~= 
Ill.II 

14 A•ll 80 21 14 77.99 

£241.49 



3. SALES LEDGER 

As with the purchase ledger the sales ledger system allows staff to maintain 
firm control over the ledger and respond to the day to day pressures. 

Customer File 

The customer file contains the same comprehensive Information as the supplier 
file. The same alpha sort key system Is used so that it is possible to rind a 
customer's account easily. For example, if the user sells to the Central 
Electricity Generating Board the account could be found by its account 
number or 'CEGB' or 'C.E.G.B.' or 'Central' or 'Electric' or 'Generali' or 
'Board'. 

Enquiries/Reports 

As with Purchase Ledger there are a number of formats for enquiries which 
show information on a VDU or produce a printed report. these can show the 
detailed position of one or more accounts in a ledger card format or can 
show summarised or total information. Reports can be produced to show the 
age of debt either by invoice date or by due date. The main VDU enquiry is 
designed to give staff simple and rapid access to key detail Information. 
Comments may be added, changed and deleted. 

Sales Invoice Register 

It is possible to maintain a register of sales invoices should this be necessary. 
This feature will be of use to organisations who have an invoice/despatch etc 
set. Jn these cases sets are issued in sequential order at time of despatch, or 
even at time of order, and are entered into the ledger out of sequence. This 
can cause problems and make it difficult to control and account for sets. The 
sales invoice register overcomes these problems by allowing a memorandum 
entry to be made when the set ls allocated. 

Statements 

Customer's statements may be printed at any time for any account or 
accounts. Output may be In either open item format or brought forward 
format. Provision is made for the customer's order number and/or a comment 
to be shown on each entry. 

Allocation/Mark-off 

Receipts from customers are entered into the system and may be used to 
allocate or mark. off items on the customer's account. The entry of receipts 
and their allocation all9w opportunities to record discounts, part payments, 
payments on account, over and under payments and write offs and 
adjustments. For accounts with large numbers of open items allocation 
options are provided to automatically mark off all items on the account with 
the exception of certain documents or au items between two dates with the 
exception of certain documents. For those customers paying on statement or 
the balance of the account further automatic mark off options are available. 
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4. NOMINAL LEDGER 

IAS/3000 ls based on a nominal ledger and all entries, Invoices, journals, cash 
etc take the form of entries to the nominal ledger. The ledger may have as 
many accounts as necessary to cover the analysis requirements of the various 
accounting departments and indeed inventory control departments. 

Nominal Detail Pile 

The nominal detail file ls the largest file in an IAS/3000 database, Every 
entry in the books is recorded In it. Typically each invoice processed will 
make 4 or 5 entries in this file; a purchase or sales ledger control account 
entry, a VAT entry and 2/3 goods entries. Each entry includes the following 
information:-

Company number (01-99) 
Nominal account (10 characters unstructured) 
Ledger number (01-99 Sales c!c Purchase, EA-EZ Expense) 
Sub-account (10 characters unstructured) 
Document type (2 characters) 
Document number (6 digits) 
Value (16 digits plus 2 decimal places) 
Description (30 characters) 
Document date 
Input date 
Accounting year (01-99) 
Accounting period (18 periods) 
Quantity fields x 2 (15 digits plus 3 decimal places) 
Status (P = paid, A = authorised, H = held etc) 

Nominal Ledger Sub-analysis 

Any nominal account may be subanalysed using the sub account field; this Is 
the key to the integratedness of IAS/3000. 

Up to 99 nominal accounts can be set up as special Sales or Purchase Ledger 
'control' accounts. In these special cases the ledger number Is 01-99 and the 
sub account is either a customer or supplier number. It can now be seen that 
Sales and Purchase Ledgers do not exist as separate entities; they are simply 
subdivisions of the Nominal Ledger. 

Up to 26 other ledgers may be set up (EA-EZ) containing sub accounts which 
can be associated with any nominal account thus allowing a true two 
dimensional analysis between sub account and nominal account. Typical uses 
of this powerful feature might be to sub analyse:-

Vehicle expenses into car registration numbers 
Telephone expenses into telephone numbers 
Inventory into part numbers 
Fixed assets into asset numbers 
Job costs into job numbers 
Contract costs into contract numbers 
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Quantity fields 

Usage of the two quantity fields allows the total integration of inventory and 
book keeping systems. The quantity fields have 3 decimal places to allow for 
units such as tonnes; 

Nominal & Sub accowit Enquiries/Reports 

All reports are available on demand for one account, a range of accounts or 
all accounts. 

Selection may be by date of document, date of input, accounting period and 
type of document. 

The selected entries may be sorted and summarised at various levels. 

Output may be to VDU or printer. 

Selection screens are shown opposite and typical reports overleaf. All entries 
posted to nominal account 561 Motor Vehicle Costs have been selected on 
the first screen. All expense accounts in the group called CARS on the 
second screen. 
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The Nominal Master File 

The nominal master file includes the following information:-

Company number (01-99) 
Nominal account (lo alphanumeric) 
Period balances (18 periods) 
Opening balance 
Year End adjustment balances 
Current balance 
Year number (01-99) 
Budget code (A-Z) 
Department code (6 alphanumeric) 
Report lines (Rlines) (6 sets) 

For each nominal account 26 sets of balances (Budget code A-Z) can be 
maintained for each of 99 years. All of the balances are available to be 
reported on in final formatted accounts using the IAS/3000 Financial Reporting 
System. 

The 'A' set of balances is reserved for actuals and the 'X' set for archive 
summary records. The other 24 sets are typically used as 'B' for budgets, 'E' 
for estimates, 'F' for forecasts etc. 

Actuals 

The 'A' actual balances can only be accessed by making real entries in the 
books. When an invoice is posted it typically puts a number of entries in the 
nominal detail file and at the same time updates the appropriate nominal 
master period balance and current balance. 

The 'B', 'E', 'F' etc period balances can be easily manipulated manually. 
Budgets can be entered as an annual figure and then calendarised or spread 
over the up to 18 period in the year using one of 99 tables of factors. 
Alternatively indiyidual period figures can be entered. 
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5. FINANCIAL REPORTING SYSTEM 

The 6 sets of Report Lines (KLINES) on the nominal master record provide 
the accountant with 6 different ways of merging or adding together nominal 
accounts. This makes it possible to meet the different reporting 
requirements of head office, company, directors, managers and the accountant. 

The merging of accounts can be hierarchial but needn't be. Each nominal 
account can be merged into a different Rline in up to 6 different reports. In 
addition 2 trial balance report formats with a line per nominal account and 
subtotals at department level can be produced as standard. 

Three programs in the IAS/3000 package together comprise the Financial 
Reporting System. They are fill-In-the-forms programs designed so the 
accountant can design his own reports. 

The first program KLINES designs the top-to-bottom formatting and arithmetic 
of the report using the 6 sets of Rlines. 

The second program REPDEF designs the headings, columns, left-to-right 
arithmetic across the report and the sources of data, budgets, actuals for this 
year, last year etc to go into the columns. It Is possible to have any number 
of these report definitions (REPDEFs). 

The third program REPORT actually prints the report and allows the 
combination of any REPDEF with any set of RLINES. Hence although there 
are only 6 ways of merging nominal accounts (plus the two trial balance 
structures) there are, however, an infinite number of report formats 
(combinations of RLINES and REPDEF). 

The first page of a typical set of month end accounts produced by F RS is 
shown overleaf along the set of RLINES which produced them. 
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1. Background 

There is a considerable amount of interest at the present time in 
computerised personnel systems and many DP Managers have requests 
outstanding from their Personnel Managers for advice as to what they 
should do in this area. However. it is a notoriously difficult area 
or system development work and many projects which have been under­
taken in this field have become casualties. DP Managers ~1ho have 
prior experience of attempts to computerise in this area are there­
fore well aware of the special difficulties. 

This paper is concerned with the development work that has been done 
over the last eight years at Foster Wheeler on computerised personnel 
systems. Foster Wheeler Energy limited is a petrochemical contractor 
based in Reading employing around 2.000 people. The personnel 
systems which are in use have been developed on the HP3000 and made 
a dramatic difference to the role which the Personnel Department has 
been able to play. 

The paper begins by analysing_ the problems which the Personnel 
Department faced and it is the belief of members of the Personnel 
Department that this analysis would not vary niuch from one company to 
another. The paper then goes on to outline the solutions which result 
from the computerised systems on the HP3000 and concludes with a sunmary 
of some key design considerations. 

2. Problems 

The problems of the Personnel Department at Foster Wheeler fall into 
three broad categories. recruitment. personnel records and the annual 
salary review. This breakdown of the problems is in itself significant 
because many computerised personnel systems fail to take account of the 
importance of recruitment as far as a Personnel Department is concerned. 
and also often overlook the special problems of carrying out the annual 
salary review. 

In this breakdown of the problems. personnel records of course covers a 
wide area of activities which include routine salary administration. 
training records. a detailed inventory of skills and such things as 
absence and sickness. A detailed analysis of these problems was carried 
out in Foster Wheeler in 1976 and as a result of this. three elements 
were identified which impinged on each of these problems and were. in a 
sense. responsible for creating them. These elements were record main­
tenance. letter production and information management. This description 
is too broad to be of any use on its own and so to clarify the nature of 
the problems. each of them will be considered in turn with specific 
reference to the~e three elements. 

2.1 Recruitment 

The reason why recruitment causes Personnel Departments such severe 
problems is that the level of administrative work necessary to cope 
with a recruitment campaign fluctuates by a very large amount. In 
a small Personnel Department there will be some times when there are 
no vacancies to be filled at all and others when several have to be 
filled at the same time. 
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When a vacancy is to be filled, the first step is to place an 
advertisement in the paper. This may well generate several 
hundred replies and each of these replies is likely to result 
by the end of the campaign in on average three letters. Hence 
if several such campaigns are progressin~ at the same time, a 
very large volume of papen-iork is generated. In larger companies 
the number of vacancies to be filled may never fall to zero but 
there. will still undoubtedly be very great fluctuations in the 
level' of activity in the recruitment section of the department as 
far as the basic administration tasks are concerned. 

At Foster Wheeler the workload fluctuates by a factor of 
about ten and it is these fluctuations which are the essence of 
the problem. If the workload were high but constant it would be 
possible to deal with it simply by employrng more staff. But 
since it is not constant there are some times when people are 
under-employed and others when the whole department is thrown 
into disarray by the need to reallocate people from their normal 
work to assist with recruitment and also by the need to employ 
temporary staff to help process the paperwork. Thus, letter 
production, ·mundane though it sounds, is the starting point of 
of the difficulties for a Personnel Department which is engaged 
in a recruitment campaign. 

This problem leads directly into the second one: record mainte­
nance. If everyone in the department is working flat out to 
write the required number of letters, it is virtually impossible 
for them to maintain adequate records of what they are doing at 
the same time. Again and again the decision has to be taken: is 
the priority to get these letters out or is the nriority to update 
the index card system and the associated listings of applicants in 
each vacancy to reflect the up-to-date position. Under the 
pressures of the campaign the answer is always to send out the 
letters and to leave the updating of records until later. Naturally, 
what eventually happens is that the records do not aet updated 
or are not updated completely and accurately. Applicants 
then begin to phone up to find ou~ wnat the status of their 
application is and the Personnel Deparbnent is unable to find any 
record of it. At this point the recruitment process begins to 
break down. 

The problem of record maintenance leads again to the third problem, 
that of infon11ation management. During a recruitment campaign, 
information is required at several levels of detail. Each recruiter 
needs to have a list for every vacancy for which he or she is 
recruiting showing all people who have applied and the dates when 
their application forms were received, when they were interviewed, 
when contracts of employment were sent to them, etc. Managers require 
summarised information for the vacancies which occur within their 
departments and top management are interested in overall statistics 
about the number of vacancies in the company, how they break down, how 
many people have applied, how many are being interviewed, how many 
have been sent offers of employment, how many have rejected them and 
why. These are the tasks which the Personnel Department is likely to 
find next to impossible: 
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Impossible in the first place because the basic records required 
to answer such questions do not exist for reasons explained above; 
impossible in the second place because even if the records did 
exist it would take an unacceptably long time to go through them 
manually to produce information in all the different forms in 
which it is required. When the problems of recruitment adminis­
tration are looked at closely in this way, it is _easy to see why 
they cause such disruption in a manual system. But it is not easy 
for an outsider to appreciate these problems and Personnel 
Managers frequently find themselves in an embarrassing position, 
trying to explain to top management why the various sets of 
figures they have produced for recruitment statistics do not tie 
up, or why they are failing to perfona such seemingly simple and 
mundane tasks satisfactorily. It is these pressures often that 
lead a Personnel Manager to feel he ought to be able to get some 
help from a computer. 

2.2 Personnel Records 

In personnel records it is clear that the element record mainte­
nance is the key to the problem. How exactly does this manifest 
itself? Basically it is manifested in the fact that, because 
manual records are so difficult to manipulate and because Personnel 
Departments know that from time to time they will be required to 
manipulate them in certain ways, the infonnation ends up being 
stored in a large number of different places: a personal file for 
each individual, a card index system arranged in alphabetical 
order to enable invnediate access to be made to an individual's 
details, a card index system stored alphabetically within department. 
(ba:ause the majority of manpower breakdowns which a Personnel 
Department is likely to be asked to perform will approximate most 
closely to an initial sort by department), separate lists of 
institute membership, all courses and all languages spoken, certain 
medical records stored separately, certain information relating to 
salary surveys in tihich the company ~gularly participates kept 
separately again, and selected individuals in the department having 
the responsibility for maintaining lists of such things as people 
who qualify for BUPA membership or those with company cars. 

This proliferation, duplication, triplication and quadruplication of 
information results not only in a large amount of unnecessary work 
but also and inevitably in inconsistencies. Someone who exists in 
the training records does not exist on the main personnel records 
or they are in a different deparbnent or their job title is different. 
None of the records is entirely accurate and when analyses have to be 
performed which cross the boundaries of the different record systems, 
insuperable difficulties arise. 

Letter production is not such a serious problem in personnel records 
as it is in recruitment. Nevertheless it is a significant one. The 
majority 9f changes processed by a Personnel Records Officer will be 
changes in department, location, salary or job title and all of these 
require an amendment to the contract of employment. Again, the 
problem is similar to recruitment: the change is processed on 
the record system but the required documents are not produced unti I 
later. They may never be0 produced or, through occasional human error, 
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they may contain different information from what is stored on 
the records. 

The element which was referred to broadly as information 
management is the one which everyone inmediately thinks of in 
connection with personnel records - everything from the simple 
lists which every Personnel Department has to produce on a 
weekly or monthly basis, such things as starters, leavers, 
salary increases, transfers, promotions, etc., through to the 
classic enquiries of the form, "Who have we got who is aged 
between 25 and 35, has at least five years experience with the 
company, is qualif1ed to degree level, is currently based in 
the head office and has experience of working with dog kennels?" 
to the more complicated statistical analyses such as training 
board returns the input to salary surveys, and breaking down 
job functions in the company in a specified way showing how 
many people within each function have, for example, nought to 
two years service with the company, 2-5 years, 5-10, 10-15, 15-
25, 25 and over, or performing the same analysis for years 
experience in the industry. These are the sort of enquiries 
which are a nightmare under a manual system. 

2.3 Salary Reviews 

It was mentioned earlier that the annual salar.v review requires 
separate consideration because of the special problems which it 
involves. Of course, not all companies have an annual salary 
review. Some operate a rolling review system. However, the 
essential problems are the same, and the element with which the 
problem of salary reviews begin is information management. For 
a number of months (in some organisations this ha_s virtually 
become a number of years) discussion ranges extensively over the 
question of how the review should be carried out and how much it 
will cost. What would be the effect of having X% here, Y% there, 
and a special package somewhere else? What happens if we take 
!% off all these? The number of permutations that can be and are 
considered is virtually infinite and even in companies which are 
highly autocratic and do not indulge in discussions with their 
employees a large amount of time is wasted by senior managers when 
they are trying to work out the cost of implementing a proposed 
policy. When agreement is finally reached, the Personnel Department 
is instantly confronted with two major problems: producing a very 
large number of letters and updating a very large number of 
personne 1 records. In many organ i sa ti ons agreement is not 
nonnally reached until after the date when the changes should have 
become effective, and even in those which avoid this special 
difficulty, it is common for the decision not to be taken until the 
very last possible moment. 

This means that the Personnel Department are under pressure to 
carry out these two activities in a very short space of time. Both 
of them, however, are very time consuming, are entirely additional 
to the normal work of the department,and because of their confidential 
nature are not nonnally suitable areas in which to rely on temporary 
assistance. The supposed inefficiency of the Personnel Department 
in not carrying out this task in zero time is frequently a major 
contributory factor to their unpopularity. 
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In each of these areas - recruitment, personne 1 records and the carrying 
out of annual salary reviews - the Personnel Department is performing 
apparently mundane tasks which on closer examination are very much more 
difficult than they at first appear. In particular they suffer from an 
inability to manipulate information as quickly and as freely as they 
would like to and an inability to deal efficiently with areas in which 
severe fluctuations of workload are encountered. The net result of 
this is that a credibility problem exists for the Personnel Department 
which not only embarrasses the Personne 1 Manager but prevents him from 
getting the support he needs to carry out some of the more policy­
orientated aspects of personnel work. It is likely to be these diffi­
culties which are in the back of the Personnel Manager's mind when he 
approaches the DP Manager for advice. The stock reply, "Give me a user 
specification and I will tell you what to do", is extremely unhelpful. 
When someone asks for general advice, their requirements are not met by 
having an obligation placed upon them to write a specification. However, 
the DP Manager too is in a difficult position: how does he know what the 
Personnel Department do unless the Personnel Manager tells him, let 
alone what they would lil<e to do? 

3. Solutions 

If the three elements of the problems we have examined are record mainte­
nance, letter production and information management, then very glibly the 
solutions are: 

1) do away with all manual records and store everything once only on a 
data base. 

2) design the system around an integrated letter writing system (not word 
processing - the difference is explained below). 

3) use a powerful report generator. 

As with the problems, the best way to clarify the solutions is to deal 
with each of the areas in turn:-

3.1 Recruitment 

The crux of the problem in recruitment administration is the fluctu­
ations in the level of activity by a factor of about ten. How can· 
such a problem be solved? The fluctuations are in the nature of 
the activity, therefore in themselves they cannot be removed. 

The solution is to eliminate their effect by speeding up the admini­
strative process to such an extent that they no longer have a 
significant -effect. In other words, the method of handling the 
applications must be speeded up by a factor of about ten. How can 
this be done? In the first place, the workload can be halved by 
combining the process of letter writing with that of record 
maintenance. This is whatwas referred to earlier as inteQrated 
letter writing. The idea is that an indissoluble link is established 
between the updating of the data base and the generation of any 
associated letters or documents. The person operating the system 
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sits in front of a fonnatted screen and when, for example, an 
entry is made to indicate that applicant number 1030 is to receive 
letter JL (an interview letter) the cursor will be positioned at 
interview time and interview date and when carriage return is 
pressed the data base will be updated and the letter generated 
at one and the same time. Hence, where previously two tasks had 
to be performed, each requiring similar amounts of time, there is 
now only one task to be perfonned. 

The process is further speeded up by comparison with a manua 1 
system by ensuring that the progranune is sufficiently intelligent 
to make sensible assumptions about what is going on 11nd so to 
enable corners to be cut. Almost every stage in the recruitment 
process will involve sendinq someone a letter, and reduction of 
recruitment process to a series of standarci letters .is therefore 
fundamental. If an applicant is called up and the letter to be 
sent is indicated, the system should be able to determine which 
additional fleldsneed to be accessed and to avoid wasting the 
operator's time by going through other fields or by asking 
unnecessary questions. Further devices for saving time are such 
things as chaining facilities and a hold and terminate facility. 
A chaining facility is simply a means of getting the system to 
call up applicants' details in the correct order where this order 
is pre-defined instead of asking the operator to do it. This 
arises where a number of applicants are being.processed together 
(the normal situation in a recruitment campaign). The terminate 
facility is the ability to tell the system that a particular 
vacancy has now been filled and so to cause it to send regret 
letters to all applicants who are still in an unresolved state. 
It may be necessary for the system to distinguish between applicants 
who have been in for interview and those who have not. A hold 
facility is similar to a terminate· facility but is used where a 
delay occurs during the recruitment process and it is necessary to 
write to all applicants to tell them what is going on. 

The difference between integrated letter writing and word processing 
is that word processing is primarily concerned with the reformatting 
of text, whereas integrated letter writing is conerned with the 
combination and manipulation of data from a variety of different 
sources. Word processing is ideal for tasks such as drafting a 
report - paragraphs can be swapped around, pieces can be taken out 
and pieces can be put in. However, a Personnel Department does not 
redraft its contract of employment every time it makes an offer to 
an applicant. The basic elements of the contract are determined 
partly by law and partly by the company's personnel policy. What 
the company does want to do is to combine the relevant contractual 
conditions with details of the applicant as stored on the data base 
and details of the conditions of employment in the place where he or 
she will be working, to carry out any necessary calculations on 
salary, and to prompt the operator with questions concerning any 
aspects of a contract of this sort which may be determined on an 
individual basis. This is a data processing operation rather than a 
word processing one. The kind of reports required for recruitment 
administration were mentioned earlier in this paper, and all of them 
should be perfectly possible with a powerful report generator. 
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3.2 Personnel Records 

Solution of the problem of personnel records requires a similar 
approach. Record maintenance is tackled by means of easy-to-use 
formatted screens. Certain updates <11 these screens trigger 
certain other updates, for example, a change to a person's job 
title, salary, department or location on the main screen should 
also trigger an update to the employment history screen and should 
cause a letter to be produced. 

There are some important design considerations, but these are 
dealt with in the next section. The main advantages of the 
personnel records system will derive from the provision of a 
powerful report generator. It is of course essential that members 
of the Personnel Department should be able to use this themselves. 
At Foster Wheeler, the Personnel Department has written about 100 
standard reports using the report generator which are stored in 
EDITOR files within the system. The Personnel Records Officer and 
other members of the department all use the report generator on a 
regular basis to deal with ad hoc enquiries. The report generator 
should be able to manipulate any infom1ation which is stored within 
the security confines of the individual concerned in more or less 
any way that they want to. 

3.3 Salary Reviews 

The starting point of the problems on the annual salary review was 
the manipulation of information to ascertain the effect of a given 
policy. The way to solve this is to extract information relevant 
to a salary review from the data base into a work file and to 
provide an easy-to-use formatted screen which enables modifications 
to the work file to be entered. It should be possible to modify it 
on either an across-the-board or an individual basis and exceptions 
may have to be made by reference to job title or range of job titles, 
salary or range of salary. 

The second part of the problem with salary reviews was how to 
generate all the letters and update all the personnel records when a 
policy decision had been made. Here again, as in the case of 
recruitment, dramatic advantages can be obtained from the sensible 
use of a computer. If a work -fi 1 e has been man i pu lated and the 
effects of a given policy calculated it makes sense to provide a 
single cOllllland which will update all the records and produce all the 
letters without any further intervention from the operator. 

It may be sensible to provide two other facilities, one of which 
actually implements the salary review and the other of which (likely 
to be of relevance in a company which operates a rolling review) to 
set up budgets for the coming year. The actual update would cause 
proposed salary on the work file to be written to current salary on 
the data base, updating employment history and producing a letter at 
the same time. A budgeted update would simply cause proposed salary 
on the .work file to be written to budgeted salary on the data base. 
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At Foster Wheeler it used to take about six weeks under the 
manual system to update the personnel records and produce the 
salary letters for 2,000 people (three weeks to produce the 
letters and three weeks to update the records). With the com­
puterised system it would be possible to input the parameters 
for the change, update the records and report the letters to a 
file within half an hour. Printing the letters off on a daisy­
wheel printer would take longer of course but it would still be 
possible to turn around the entire review in a single day. 

The essence of this approach - combining data base updates with letter 
production and using a report generator for manipulation and extraction 
- solves one of the most serious problems of the Personnel Department : 
inconsistency between infonnation generated from different sources. 

4. Design Considerations 

An attempt has been made to analyse the problems of a Personnel Department 
and to indicate the solutions which can be found through the use of a 
computer. It is now relevant to highlight several of the key points to 
be borne in mind when such a system is designed. 

4. l Extensive Systems and Procedural Analysis 

It must be appreciated that a system of the kind which has been 
described in this paper has to be fully integrated into the 
administrative procedures of a Personnel Department. It is not 
somettiing which can exist alongside current procedures. The work 
of everyone in the department will change as a result of the 
implementation of such a system and there are therefore very 
important training and organisational considerations. If a 
system is to integrate successfully into the administration of a 
Personnel Department it must replace all the existing manual 
systems and procedures. Members of the Personnel Department will 
not find it acceptable if they have to continue their manual 
records alongside the computer system,but to do this requires an 
unusually extensive degree of systems and procedural analysis. 

It is only reasonable to mention at this stage that some of the 
problem areas referred to in this paper, when examined in detail, 
will be found to be substantially more complex than might be 
thought. Computerised personne 1 systems are not simply a matter 
of fitting a large amount of infonnation into a computer system 
and then getting it out again in a different form. A recruitment 
system, for example, is more similar to a production system than 
to an ordinary information system. It has to store infonnation 
about the stages through which applicants pass. The difficulty 
of designing such a system arises from the fact that the paths 
which applicants follow in the course of being recruited vary 
enormously. To take a simple example, a large amount of the space 
required on the record of an applicant is taken up by information 
relating to the interview and the offer of employment; the question 
must obviously be asked, " What is the maximum number of interviews 
which the applicant might have and what is the maximum number of 
offers?" Few Personne 1 Managers wil 1 be keen to commit themselves 
on this point, but whatever answer is given it is certain soon to 
emerge that an enonnous amount of space will be taken up by repeats 
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The answer to the second question is that the kind of flexibility 
which is really required is the kind which is supplied bv the 
provision of a powerful report generator, and speed Is not of overrldln~ 
Importance here. The Personnel Department is n10v1ng from a 

position where it either cannot handle ad hoc enquiries satis­
factorily at all or takes a very long time to do so. The important 
achievement of the system in this area is the ability to handle the 
requirement. In other words, at the output end of the system 
flexibility is more important than speed. At the input end of the 
system the picture is more complicated. In areas where high through­
put is to be expected, speed is more important than flexibility. 
For example, the basic screens used for processing recruitment adminis­
tration, manipulating the salary review.or displaying information 

·on individuals which would previously have been kept on the record 
cards, must operate fast. Under the manual svstem,H someone phones up 
and asks, for exa'll!'le, for the date of Mr. Brown's salary change, the answer 
would be given immediately over the phone. The speed of response 
to such questions which is possible under a manual system must be at 
least matched and if possible improved upon by a computerised system. 
It is no good saying that you will have to phone the person back. 
It will also be no good if it takes longer to change the basic 
details of employees under the computer system than it did under the 
manual system~because this will simply frustrate the people who are 
trying to use it. The system will fall into disuse and disrepute. 
As far as recruitment is concerned, of course, speed is fundamental 
to achieve the objectives of the system. 

In the Foster Wheeler system the average time required to update an 
applicant (i.e. update the data base and generate a letter) is 7! 
seconds. The longest operation by a long way is putting new 
applicants on to the system,because this requires the entering of 
name, address, vacancy, etc. One person can put on 100 new applicants 
in an hour. Where speed is as important as this, flexibility must 
be compromised to some extent. It is not feasible, for example, to 
write a system which includes the complexities discussed above 
(integrated letter writing and the problems of applicants who pursue 
peculiar routes) and to provide the speed required by using an 
application generator. In view of the complexities involved, the 
speeds involved can only be achieved by writing the system in a 
traditional programming language such as Fortran. Although this does 
not mean that the system is completely inflexible,it will necessarily 
mean that the input and processing side of the'system is signifi­
cantly less flexible,certainly as far as users are concerned, than 
the outputside, which depends on a report generator. 

Nevertheless it should be noted that flexibility of screen design 
is not likely to be a key requirement in a personnel system. How 
often do Personne 1 Departments redesign their manua 1 record cards? 
Most of them have never done so, so why should they want to 
redesign their screens? 

There may be areas within the personnel records system where 
flexibility at the input end is required and speed is not critical, 
for example, a very detailed inventory of skills of people within 
the company will probably only be updated once a year for each 
individual. Throughput is therefore low. The chances of wanting 
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to include different skills at different stages in the develop­
ment of the system are high and so flexibility is important. 
Enquiries are unlikely to be made on an individual basis. They 
are more likely to follow the form, "Who have we got with the 
following characteristics who has a given mix of skills?" Such 
a question would be answered through the report generator. 

Since flexibility is important in this case and response times 
are not, this is a part of the system that could be written using 
an application generator. The important point is not to fall 
into the trap of attempting to write the core of the system with 
an application generator, as this will lead to the system being 
rejected by the people who are supposed to use it on the basis of 
inadequate response times. 

To conclude, the HP3000 with Image 3000 is an excellent basis for a 
personnel system. Such a system should be written in a fast language and 
must include integrated letter writing with report generator and application 
generator facilities available where appropriate. The complexities of 
systems analysis and procedural analysis are considerable,and argue in 
favour of buying a package. 

Note 1: further information on the detailed requirements of personnel 
systems may be found 1n "Personnel Computer Systems' by Tony Ive, pub I I shed 
by McGraw Hill, 1982, obtainable from McGraw Hill Hook Company (UK) 
Ltd., Shoppenhangers Road, Maidenhead, Berks, SL6 2BU. Price £11.95 
plus £1.20 postage and packing. 

Note 2: further details about the Foster Wheeler computerised personnel 
systems,which are available for purchase, may be obtained from 
Tony Ive, Manager Personnel Projects, Foster Wheeler Energy Ltd., 
foster Wheeler House, Station Road, Reading, Berks, RGl 1LX, 
Telephone (0734) 585211. 
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1.0. INTRODUCTION 

l<eeping the Statutory Books up to date wid producing the 

forms required by the Registrar of Canpwiies for a limited 

company with over 100 UK based subsidiaries can be a 

lengthy and arduous task. Having failed to find a package 

to satisfy the companies requirements, it was decided to 

build an in-house application around a complex Image 

Database. Thia paper will try to describe some of the 

problems and solutions encountered and overclJfle during 

the design and writing of this application. 
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2.0. l.C.P. - WHAT IS IT? 

L.C.P. is a large group of diverse canpanies mainly 

based in the UK, but also in mainland Europe and U.S.A. 

The major activities of the group are outlined below:-

L.C.P. KJLDINGS plc 

PROPERTY CEVELOPHENT 
& CONSTRUCTION 
Trading Estate 
Management 
Offices 

VEHICLE DISTRIBUTION 
Main Dealers for 
rDRD, GDERAL MOTOOS, 
BRITISH LEYLMID, 
llJLLS ROYCE 

DISTRIBUTION 
Building 
Supplies 
Solid ruel 

Automative 
Parts 
Retailing 

Most of the above companies data prooesslng requirements 

are serviced by 111 in-house bureau based on a HPJOOO, with 

modems and multiplexors to regional depots. 

last year the group had a turnover of £277 million. 
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J.O. STATUTORY DOOKS Wl~T AR£ TICY? 

It is the responsibility of the Secretarial Department based 

at c~rperate head off ice to maintain the statutory records for every 

eubsidiary company and to ensure that the requirements of the 

Companies Acts are complied with as to the information recorded, 

the form in which this infonnatioo is kept, the rights of inspection 

etc. 

The statutory records to be l<ept by all companies area-

l. The Register of Hanbers 

Contains details of the companies shareholders, 

their current shareholding and also details of my 

Transfers/Allotmenta. 

2. The Register of Cterges 

Is a record of mortgages or other charges entered 

into by the company to secure debta. 

J. Tte Register of Directors & Secretaries 

Contains details of directors and secretaries 

for the company. The details l<ept are dates of 

appointment/termination, nane a-id previous niwe, 

date of birth, address, nationality, business occupation 

and any other directorships held in a non group company. 

Details of new appointments or terminations have to be 

sent to companies house on the form 9b. 

4. The Minute Book 

Is a record of proceeding at board meetings. 
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S. The Reqister of Director~ Interests 

le a record of the number of shares which are held by 

Directors of the company. (Within the l.C.P. Croup there are 

none). 

6. The Accounting Recorde 

Obviously the financial eccounting department maintains 

the accounting records of lhe company but they fall within 

the formal company proceclJres to enable the Annual Report and 

Accounts to be filed with the Annual Returns. 

Each company must canplete and file an Annual Return 

(form 6A) which gives the information contained in the 

registers No. l - J above, together with a summary of it's 

Nominal & lesued Share Capital, the Registered nUlllber and 

situation of the Registered Office. 

With tt_, exception of accounting records the statutory 

registers have traditionally been maintained by handwritten 

entry in bound books, bJt the development of companies tus 

lead lo the acceptance by the Registrar of compaiies to the 

holding of these records on computer. Recent legislation 

'The Companies (Regiatera and other records) Regulations 1979', 

lays down the procedures hhich must be foll11t1ed in respect of 

regi stera kept other than in legible for111. 
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Continued ••• 

4.0. REASON fOR SYSTEM ANO REQUIR£HENJ 

a) Why was it decided to computerise the Ha-iual Systeni? 

As mentioned previously the canpaniea statutory 

books were kept in hand written bound books of which 

there are over s rundred. A change to eny of the held 

details would require a hand written anenlinent. Any errors made 

would have to be crossed out possibly resulting in m111y 

books frOIR which racte and rigurea could not quickly and 

easily be retrieved. 

When producing the yearly Annual Returns form 6A 

many companies retained the sane details as those of 

the previous ve ar, even so a new form had to be 

prepared and typed. Thia meant that in preparing 

the AIVlual Returns details, time and effcrt were 

duplicated. 

The tasks of keeping details 14> to date end 

producing the forms required by the Registrars Off ice 

were, for the staff involved, laborious and time 

consuming. Therefore details were more readily 

prone lo error. for the reasons already mentioned 

and having failed to find a suitable package, it was 

decided to build an in house application around s 

complex Image Database. 

Continued ••• 
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b) Which parts of the Manual Syatm were Autmated? 

The main area in which autmation would achieve 

savings was tha production of the formal documents that 

were required by tha Registrar of Companies. These 

docu11arta area-

f'pna 4a, Notification of a change in address of the registered 

office. 

f'om 9b, Notification of an appointment or teriaination 

of a director or Secretary. 

f'o111 6A, The Annual Return of a company laving a share 

capital. 

To produce these doct111enta certain registers kept 

by the manual syateai would tave to be 11irrored in the 

database. 

The regiatera were1-

a) The Register of Members 

b) The Register of Ctargea 

c) The Register of Directors and Secretaries 

d) The Register of Transfers 

In addition to thuse, details would also la·~e to be 

kept about the share capital for each company as thia is not 

shown in any of the above registers. 
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It can be seen that not all of the manual system 

waa automated, the reasons for this are as follows:-

The Director Share Holding Register is not kept 

by L.C.P. for their subsidiaries, as at present, no 

director holds shares in these companies. This register, 

the accounts of companies and minutes of the Annual 

General Meetings are not required to complete the Annual 

Returns, although the accounts and minutes are required 

by the 'Registrar of Canpanies'. It is proposed that at 

a later date these parts of the manual system will eventually 

be automated. 

c) What would the System produce? 

Internal Registers 

In addition to the docunenta prodlced to send to the. 

Registrar of Companies there is a legal requirement 

that the registers can be inspected by shareholders. Ttds 

used to be a simple matter of obtaining the ri!tlt book and 

opening it at the required page. It was, therefore, necessary 

to provide a facility to produce reports of the kept 

registers at the Secretarial Department's request. 
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These reports were for internal use and were, therefore, 

only subject to the secretarial department's approval. 

External formal Documents 

The Registrars office tes only recently agreed to accept 

the forms 4a, 9b, and 6a on computer stationery. Pl'llviously 

all details were typed on their pre-printed forms. A set 

of guidelines for the form 6A were obtained, but we were 

also informed that these might change in the near future. 

Enquiry facilities 

With details for every subsidiary being held on one 

database, enquiry programs would replace tl1e time a-id effort 

needed to obtain details concerning infonnation held in the 

Statutory Books. for ex!lllple, an enquiry as to which 

subsidiary a person was a director of could be produced by 

entering just the surname. In the manual system the 

secretarial staff would have to look in every Statutory 

book held. 

To reduce the O. P. Staff's involvement in the running 

of the application all programs to produce reports, enquiries, 

forms and maintenance of details would be MENU driven. A 

menu was produced to deal with each part of the system, i.e. one 

menu relating to Directors details, one for the allotment and 

transfer of shares, etc. The only D. P. Staff involvenent would 

be in the distribution of reports and forms and the mainten..-ice 

of the system. 
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5. USE, PROBLEMS ANO SOLUTIONS USING IMAGE ANO KSJIM 

a) ~use an Image Oat abase? 

The detail& that are needed to produce the re<JJired 

results from the eystem are closely related. All of the 

regletere to be eutaneted were needed to produce the 

Annual Returns form 6A. Other details from th!ee 

registers were needed to produce the fornie 4a llld 9b. 

It therefore seemed logical to hold all the required 

detalle centrally on an Image Database. 

The choice of using an Image database IDB&nt that 

eeparate files need not be lalpt for each register. The 

design of the database ie such that no details for any 

one register are kept on a single data set. for exmple 

by using a Hester d~a set for a Director's nB11e, address, 

nationality, and date of birth there will only ever be 

one entry for these details. Due to the fact Uet a 

director can hold en appointment in many c1111peniee, a 

de~ail data aet can then be used with company number 

as the search item to hold appointment and resignation 

dates. 

Canmon details held in this manner cin be updated 

very much easier and only need to be mne once. Thla 

of course reduces the number of accesses needed to 

carry out an action, compared to tho~e that would be 

needed had these details been held in a nm-centralised 

way. By tolding common data once, also reduces the 

proliferation gf entries tlue to tho reduction of 

r~tjuntl&nt de~ails. 
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The decision to hold details centrally aided lhe nunber 

and type of enquiry progr1111a that could be produced for the 

secretarial etaff. In other syste111a currently being used it 

was neceaaary to run unload progr•a overnight to allow the use of 

certain enquiry programs next day. Thia was not required in the 

case of statutory books because of the above reasons, also 

any KSAH filee required for generic aearchea are maintained 

automatically when changes to the database are 111Bde. 

b) Why Use KSAH files? 

Approximately two years ago enquiry programs started 

to be written for the user deparlllent. It was found that a 

generic search could not be carried out on a database using the 

available intrinsics. Thia 1111tant that to use a generic search 

on a required key, the details of auch a key had to be unloaded 

to a KSAH file overnight. Jo rewce this overhead on the system 

it waa decided that any bya required by generic aearches, 

would be autanatically maintained on a KSJtt file at the same time 

as the database. 

There are only two KSAH files used by the syatem, one for 

director's surname, the other for members eurnane. The records 

are only 76 bytes long and there are not that many entries, 

therefore, the files are quite small. 
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c) Choice of Keys - Problems and Solutioos of Hairtenance 

If the database had been designed so that each register 

occupied one data set there lftJUld only tave had to be roe major 

key, this being Canpsny Number. However, the registers details 

are spread over a multitude of data sets, the keys and 

search items needed to formulate these registers are, therefore, 

more numerous. Below is a list of the chosen keys. 

i CDMPANY NLHBER 

ii DIRECTOR/SECl£TARIES SURNAt-£ 

iii MEMBERS SURNAME 

iv CDMPANY NIJ.1BER + t£HBER NUMBER 

v AUDIT RECORD KEY 

i COMPANY NUMBER 

An Annual Return, rm:ms 4a, 9b and the registers are all 

produced for particular companies, therefore, there must be 

a way of distinguis'1.ing between them. A number was allocated 

to each company by the Secretarial Staff before adding details 

to the database. The company numbers are four characters in 

length, thereby allowing up to 9999 numbers to be allocated. 

It was decided to split this number into ranges, each range 

allocated to a division of the group, for exmnple 2001 to 3000 

Construction Division. A range of numbers were also allocated 

to non subsidiary companies with which persons held the position 

of director. 
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Continued ••• 

If an error was made when entering the canpany 

details, ie. the wrong company nunber was given to a 

company it can be changed at this point. After the 

details For the registers have been added it was 

not possible to amend the canpany number without 

possibly corrupting the Members Share and Transfer 

Registers. 

If a company's details had to be deleted, i.e. 

it was sold, it is imperative that the details of lhe 

registers are deleted first. The reason for this 

being a chain head cannot be deleted before lhe 

associated details on the detailed data set have been 

removed. This docs not present any real problems to 

the Secretarial department, for a deletion of this kind 

is very rarely carried out. 

Continued ••• 
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ii DIRECTOR/SECRETARIES SURNAME 

By using the surname of a director/secretary it would 

be familier with the secretarial staff, a nunber or other 

identifyer would have had to be assigned and kept 1.4> to date. 

One of the reasons For the system was to reduce the amount of 

work involved not increase it. In the first place only the 

surname was used, but it was noticed that there happened 

to be two directors with the ssne surname. To overcome 

this, it was decided to add the first character of each 

christian name to the key, this then made it unique. 

The key can be amended by the secretarial staff 

quite easily, as for the progrsn, thats a different matter. 

The surname is the key to a Master data set and also 

a search item to a Detail data set. This meant that 

changing a key entry is not just a matter of deleting the 

old entry and creating a new one. The procedure taken 

by the program to complete this task is shown belowi-

(OLD 1<£Y) READ OLD MASTER ENTRY 

(NEW KEY) WRITE t£W MASTER ENTRY 

(OLD KEY) sn UP CHAIN 

(OLD 1<£Y) R£AO OLD ENTRY 

(OLD KEY CCLETE OLD ENTRY CONTINUE UNTIL 

(NEW l<EY) WRITE 1'£\ol ENTRY All OLD ENTRIES 

(OLD KEY) READ OLO MASTER ENTRY EXHAUSTED 

(OLD KEY) CCLETE OLD MASTER ENTRY 

Continued ••• 
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The chain has to be set up after every read, delete and 

write to the detail data set. The reason for this is that 

Audit Records are written after the "write" of the new entry. 

When writing the Audit Records other data sets have to be 

locked end unlocked which destroys the chain pointers, for 

as yet there is no way to unlock a specific data set. One 

unlock will release ell outstanding locks, which include 

the one covering the chain pointers. 

The above procedure was not only dcne for a change in 

Surname, but also had to be done for any change in the first 

two christian nanes. 

The deletion of a Director/Secretary from the database 

required a similar procedure to the one above, again the 

unlock was the problem. 

In addition to changing the database, a KSAM file 

also has to be updated at the same time. This file contains 

the Director/Secretary surname plus the first line of the 

address and is used for generic searches by the enquiry 

programs. 
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iii MEMBERS SURNAME 

The Members Surname was chosen as a key for the same 

reasons as the Directors Surname. Because the Members Surname 

would be used more often it was decided to allocate each 

member a unique number. The surname was, therefore, only en 

interface between the system and secretarial department. The 

number allocated to the surname was called the member nunber 

end is used in most data sets, this also allowed a much smaller 

combination of fields to make up a sort item on one of the 

detailed data sets. 

The problem with the directors surname not being unique 

never arose with the member surname. There are only two members 

of each subsidiary company, one is 'L.C.P. Holdings Plc' end 

the other a nominee. The nominee surname is added to the 

subsidiary company name thereby making a unique key. Each 

subsidiary company ooly has two share holders as required 

by Law, there are no future proposals to increase this number. 

The creation, amendment and deletion of this key ie carried 

out in a similar manner to that of the directors programs 

mentioned previously. A KSAM file is also kept containing 

the surname and first line of address, this is then used for generic 

searches by the enquiry programs. 
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iv COMPANY NLMBER ANO MEMBER NUMBER 

This is a composit key used by only me data set. All 

details relating to allotment and transfer of shares are held 

on a detail data set in a 'sorted' order. Part of the sort item 

is the date of allotment or transfer, therefore, it is consievable 

that if a running total is kept of total share holding and an 

amenchent made to this date, the total share holding figure 

will no longer be correct. This will also hold true for the 

deletion of any entry. 

It was, therefore, decided to hold the total shares of 

a member, for each subsidiary canpany on a separate master 

data set. The key of this data set would be made up of the 

Canpany and Member Nunbers associated with the required total. 

This total could also be used by the enquiry programs when 

details of members share holdings were required by the 

secretarial department. 

The creation of an entry is done automatically when a 

member is allocated shares, and removed when or if a member 

is deleted. The key is anended quite simply by deleting the 

old entry and creating the new one with the required key. This 

action is taken only after checking that the new required 

key is not already in existence on the database. 
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v AUDIT RECORD KEY 

An Audit Record is written to the database for every action 

(Creation, Amendment, Deletion) carried out on a record or field. 

These details are then used at a prescribed time to produce an 

'Audit Trail Report'. 

When an Audit Record is written the record nunber on the 

Audit Control Oats Set is incremented by one. This nunber is 

then used as the key to an Audit Record that is written to 

the database. 

When the 'Audit Trail Report' is produced the record 

nunber on the Audit Control Data Set is set to zero and all 

Audit Records are deleted from the database using Query. 
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Continued •• , 

6.0. KEEPING THE AUDIT TRAIL 

As previously mentioned each register was not kept ai s 

single data set but consisted of one or more master and detail 

data sets. This may have reduced the amount of redundant 

details and number of entries but it also made the database 

more complex. The programs written to maintain the details 

were, therefore, more complex in design. Large and complex 

programs bring into play other questions such as mainten1r1ce, 

this topic will not be covered in this paper. 

The keeping of an Audit Trail for any ch1r1ges in data on 

the database is a departmental standard. This means for every 

record crested, amended or deleted an Audit Record is written 

to a master data set. 

The method used to write an audit record is shown below:-

LOCK AUDIT CONTROL 

READ AUDIT CONTROL 

AOO 1 TD REffiRO NUMBER 

UPDATE AUDIT CONTROL 

UNLOCK AUDIT CONTROL 

LOCK AUDIT SET 

WRITE AUDIT RECORD 

UNLOCK AUDIT SET 
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Continued ••• 

Thia method of keeping the Audit Trail causes no problems when 

actions are carried out on Master Data Seta. The problems encountered 

with locking end unlocking data sets, were in changing the key on a 

detail data set, this has been mentioned previously along with one 

solution to the problem. Another solution used to overcome this 

problem was to give the program M. R. (Multi-Rin) capability. This 

allowed the programmer to keep a lock on the detail, Audit Control 

end Audit Data Sets while amendments were being carried out. 

When the end of chain condition was met on the detail data 

set one unlock is carried out, clearing all data set locks in one 

operation. The main problem with this method is that no other 

process using the database can write en Audit Record. This was 

only a snall price to pay, as this is not a high volune transaction 

system. 
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7.0. SECURITY 

The security of the system is achieved by e series 

of passwords. An account password is required from the 

secretarial staff to access the main menu of the system. 

Each program in the eystem chosen from s menu then requires 

another password before entry to the program is gained. 

In order to protect the more sensative details such 

es the amendment of allotments and transfers e second 

program password I-es to be entered, failure to do so will 

return the user back to the menu. 

All actions carried out to records or fields are written 

out to the audit date set. Ths password used to access a 

program to carry out such actions identifies the user. This 

identifier in terms of an operator name is included on the 

audit record. By looking at the 'Audit Trail Report' it can 

be seen who carried out what actions, lo which details, et whet 

dale end time. 

The enquiry programs used in the system also carry en 

extra security. If after a period of three minutes e member 

of the secretarial department has not made e response to the 

program prompts, they ere returned lo the menu. This is done 

using timed read3 within the progran. 



e.o. BENEflTS GAINED BY THE SECRETARIAL STAff 

The first benefit gained by automating the Stat.utory Books 

M11nual System was the production of the Annual Returns form 6A. 

Any changes to the details held on the database are made by the 

secretarial staff, the form 6A will then autanatically pick 1.4> 

these changes and include them in the print. In the previous 

manual system any changes had to be made twice, firstly in the 

actual statutory book and secondly on the Annual Returns farm 

6A. 

The time and effort needed to produce the form 6A hes 

also been reduced. In the manual system, the previous years 

form 6As are updated with any relevant changes then passed to 

a secretary for typing. On canpletion they are stringently 

checked for any errors, when correct they are forwarded for 

signing. A photo-copy is then taken 111d the originals sent 

to the Registrar of Companies. With the automated system an 

edit is first produced, once checked, the form 6As are 

produced on two part paper and forwarded for signing, the top 

copy is then sent to the Registrar of Canpanies. Tt-ere is a 

considerable saving in time and effort in producing the Annual 

Returns now that they have been automated. 

Continued ••• 
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Benefits have also been found in the production of the 

rorms 4a and 9b. Once changes relating to these forms have been 

made on the database, the forms are automatically produced on two 

part stntionery, signed, and the top copy sent to the Registrar of 

Companies. With the manual system the procedure was similar to 

that for the Annual Returns, mentioned previously, with the 

exception of using the previous years forms. 

A problem that was noted when using hand written bound books 

to hold statutory information, was the ease with which these books 

could be made ilegible, and for the older canpanies become full. 

The automated system does not have the problem of untidyness or the 

registers of the older companies overflowing. 

The registers of a Company can be produced in a clear 

and correct format at the press of a button (or two), 

One of the problems with keeping the Statutory details for 

a large number of subsidiary companies was that if a common entry 

i.e. a Director's address, was changed, all statutory books 

containing this address would have to be amended by tend. Because 

these type of details are only held once on the database, only one 

change is required in the automated system. This again reduced the 

time and effort involved in making such a change. 
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In automating the system there is now the facility to produce 

information quickly using enquiry programs. This is very useful 

in answering questions, such as "f"oi: which companies is Hr. Bloggs 

a Director?" To answer this type of query using the manual system, 

would have resulted in every Statutory Book kept being exE111ined 

for this entry. 

Some of the details held on the database are not required 

for statutory reasons, but is of use to the secretarial staff. 

These details are shown below:-

COMPANY TRADING NAMES 

COMPANY TRADING ADDRESSES 

DIVISIONAL RESPONSIBILITIES e.g. fINANCIAL DIRECTOR 

CHAIRMAN etc. 

These details can be used to produce reports when required 

by the seci:etarial staff for internal use. 

The benefits that have been gained by the secretarial 

department, in automating their manual system, seem to have 

been worth the time taken, and effort involved. 
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GRAMPIAN SOFTWARE FACILITIES LTD 

Grampian Software Facilities ls the software division of Grampian 
Computer Facilities Ltd. Established in 1970 Grampian rapidly be­
came a respected and efficient Computer Bureau in Aberdeen in the 
North East of Scotland. 

Grampian has been involved in the design of many systems for local 
and national companies and in 1979 became a Hewlett Packard O.E.M. 
Since that time over 30 250's and 3000's have been installed and 
also software supplied to third party Hewlett Packard users. 

The company has specialist software' for the Whisky Industry, 
Construction Industry, Payroll and General Accounting and has 
developed a Purchase Ordering and Stock Control system for the 
North Sea Oil Industry. All of this software will be available 
for demonstration during the IUG meeting but the application to be 
discussed in this presentation ls payroll. 
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GRAMPIAN SOFTWARE FACILITIES LTD 

H-PAY 

H-PAY is an interactive on-line payroll system developed for the 
Hewlett Packard 3000 range of computers. The system was original­
ly released in 1980 and Mark 2 was released in early 1983. 

Agreement has been reached between Hewlett Packard and Grampian on 
the joint development of an enhanced version of H-PAY for use on 
HP's 3000 systems. No firm release date has been fixed but both 
companies are working toward the package being available near the 
end of the year. This version is currently being referred to as 
H-PAY3. Progress to date is good and during 1984 the product will 
be marketed by both HP and Grampian. 

The system described in this presentation is H-PAY2, but where 
relevant, H-PAY3 enhancements will be highlighted. 

There are currently 18 users of H-PAY and approximately 20000 in­
dividuals depend on H-PAY to provide them with a payslip. The 
list of Users is shown later but it is worth noting that over 900 
HP employees of the Telecommunications division in South 
Queensferry are paid using H-PAY. 

What makes ff-PAY different from other payroll systems? - We think 
that it is better because of the following reasons:-

1. The system was designed by people with a vast knowledge of 
payroll requirements in a bureau environment gathered since 
the mid 1960s. 

2. It was written specifically for the 3000 using IMAGE and 
other HP utilities. It is not a batch system with an on-line 
front end. 

3. The use of VIEW screens allows the User or Grampian to tailor 
input to match source documents easily and to add extra 
validation checks. 

4. All update programs are re-runnable, thus avoiding the neces­
sity of extra security back-ups. 

5. Processing is fast and efficient - a necessity for the over­
worked payroll department. 

6. 100 elements of pay are available for each payroll. 

7. Elements of pay can be accumulated in 35 different ac­
cumulators in 4 different time periods to cover Pension Year, 
Employer Year, Tax Year and Holiday Year. 

8. Payroll costing is an integral part of the system. 

9. Interfaces are provided to other systems, such as Contract 
Costing, Nominal Ledger, etc. 
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GRAMPIAN SOFTWARE FACILITIES LTD H-PAY 

10. A simple Report writer provides Payroll, Personnel and 
Management with a wide range of reports. 

11. A Statutory Sick Pay and absence recording system is 
incorporated. 
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GRAMPIAN SOFTWARE FACILITIES LTD H-PAY 

H-PAY3 will have the following additions:-

1. A multi-payroll database allowing all types of payroll within 
a company in the one database. 

2. Allied to this there will be a new MENU/SUPERVISOR system with 
extensive security and passwords. 

3. Additional features to allow for calculations based on 
averages, previous earnings etc. 

4, A wider range of Personnel fields. (H-PAY3 will eventually 
interface with a complete Personnel system). 

5. The number of pay elements will be increased to 200, with 100 
more reserved for future use. 

6. The number of accumulators will be increased to 80. 

7, An improved Report Writer enabling Management reports to be 
produced more easily. 
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GRAMPIAN SOFTWARE FACILITIES LTD 

System Concept 

The system uses an IMAGE database - and a KSAM file to speed up 
the production of reports, enquiries etc. 

Each payroll is currently a separate database (to be changed in 
H-PAY3) and the initial creation of a payroll is carried out by 
the Manager of the Payroll account by creating a database using 
the Schema and Jobs supplied with the system. 

The payroll details such as elements of pay, accumulators used etc 
can either be set up from scratch or copied from another payroll. 

After the company details have been finalised and any elements/ac­
cumulators which are unique to that payroll have been completed, 
cost centres are set up which are valid for the employees in the 
payroll and again these can be copied from an existing payroll. 

Employee records are created either by direct on-line input or by 
conversion from an existing system. Records are validated as they 
are input and comprehensive error messages keep the User right. 
As an employee record is created, an entry is made in the KSAM 
file. 

At the end of the current session the employee records which have 
been created or amended are either printed or written to a cumula­
tive print file for subsequent printing. 

Employee timesheet or clockcard input can be added to the database 
on-line using HP block mode terminals or can be loaded from an MPE 
file created by either an integral or stand alone Data Entry sys­
tem. Input can be made for either the CURRENT or NEXT pay period. 

The next stage in the input procedure is to update the SSP and ab­
sence records if any. Full details of the SSP module follow 
later. 

The User is now almost ready to process the payroll, but there may 
be employees who are not to be paid, employees to be taxed at a 
different tax period etc and for these employees a Variance will 
be required which is entered at the same time as the payroll run 
header. 

The payroll is now ready to be processed. The calculation program 
can either be processed as a session or as a stream job and calcu­
lates gross to net for all employees at a speed of approximately 
60-100 employees per minute, depending on the size of the machine 
and its loading. This process can be repeated as often as neces­
sary during the current period so that restoring from the previous 
week's files is not necessary in the event of a re-run. 
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GRAMPIAN SOFTWARE FACILITIES LTD H-PAY 

The User now has the option to produce either the normal payroll 
reports, payslips, a BACS tape or other special reports. The or­
der in which these are processed will depend on the requirements 
of the payroll section and the User has complete control over 
this. 

At the end of the processing period, or possibly just before the 
start of the next one, it is necessary to process an "End of 
Period Run". This updates the database cumulatives, zeroises the 
payslip and current week timesheet details, writes out history 
files and prepares the masterf lle for the follo~lng week or 
month's input. 
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GRAMPIAN SOFTWARE FACILITIES LTD H-PAY 

Statutory Sick Pay 

The Statutory Sick Pay module in H-PAY allows the User to monitor 
and control all employee absence, whether liable to SSP or not. 
Gross Pay is maintained over a 13 period cycle and average earn­
ings calculated over the last eight of these so that the ap­
propriate SSP rate can be paid. If necessary the average can be 
calculated on any specified periods. For monthly payrolls the 
average is calculated on the last two months. 

Qualifying days are held at payroll level and can be amended at 
employee level and therefore the daily rate for SSP can be dis­
played on the SSP input screen. The User inputs the periods of 
absence and the system calculates the SSP due prompting the User 
if the various limits are exceeded. The amount of SSP is either 
paid to the employee or offset against an existing payment. If 
the number of days of absence input does not qualify for SSP the 
User can indicate this and maintain a full absence record. 
Various print-outs provide Payroll and Personnel departments with 
full audit records for DHSS purposes. 
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LIST OF H-PAY USERS 

Company/Contact Location/Telephone Machine 

Kestrel Marine Ltd Dundee 3000 
W Craigie 0382-457575 

John Fyfe Ltd Aberdeen 3000 
D Norrie 0224-691333 

A Hall & Son (Builders) Ltd Aberdeen 3000 
J Paterson 0224-693155 

North Eastern Farmers Ltd Aberdeen 3000 
J McGregor 0224-21255 

Rigblast Holdings Ltd Aberdeen 3000 
B Chisholm 0224-722888 

A M International Ltd Hemel Hempstead 3000 
R Bevins 0224-42251 

Caribonum Ltd Peterborough 3000 
R Kinrade 0733-234737 

Admel Ltd Weybridge 3000 
D Morris 0932-47212 

The Invergordon Distillers Glasgow 250 
K Kinnaird 041~248-3051 

J Fraser Construction Ltd Dundee 250 
R Crawford 0382-737721 

Hewlett Packard Ltd South Queensferry 3000 
J O'Neil 031-331-1000 

Drake & Scull Engineering Ltd Salisbury 3000 
S Henry 0722-24611 

William Tawse Ltd Aberdeen 3000 
G Cumming 0224-742222 

Houlder Offshore Ltd Aberdeen 3000 
M Forbes 0224-714101 

Hunter Construction Ltd Aberdeen 250 
H Matthews 0224-873363 

Santa Fe (UK) Ltd Aberdeen 3000 
S Riddoch 0224-871747 

Golden Ltd (L'Oreal) South Wales 3000 
B Clee 0443~223456 
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Company/Contact 

Span Construction Ltd 
R Birch 

Barton Distilling 
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Location/Telephone Machine 

Aberdeen 250 
0224-820465 

Alexandria 3000 
0389-52555 
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HPOI 

New/Amer1ded 

Company Information 

HP02 

New/Amended 
[mployee Information 

HP03 

New/Amended Cost 

Cent res/ Job Nos 

Amended/New 

Cost Centre 

H-PAY 

MAINTENANCE 

PYDI 

PYO! 
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HP20 
HP21 
HP22 

Employee 



HP04 

Input Timesheets 

MP44 

Print 
l.imesheets b 
location 

H-PAY 

TIMESHEET INPUT 
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HP07 

Arnend/Del ete 
Tirn.,sheets 

llP46 

Print 
lime sheets 
Cost Centre 
Order 



Hl'05 

Hun Header 
Employee Variances 

Print 
Variances 

HPl2 

Payrol I 
Calculate 

Caution 

Displays 

HP14 

Payroll + 

lo cat ion 
Totals 

HPl.5 

Costing Extract & 

Calculate 

H-PAY 

PAYROLL PROCESSING 

PYDI 

t-...,._ __ __.PYDI 

i--~--~ PYDI 

PY DI 1---..---...t 
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HP93 

Statutory 

Sick Pay 

HP13 

Pays! ips 

HPl7 
or tiP18 
or HP91 

Giros 
6ACS 
Audit 

HP16 

Cos ling 
Reports 
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"PERSON-·· the oer·r~otmel. sy~;;tf11v1 that's different" 

1. I NTHDDl.JCI I [)11J 

Althouqh a PersonnP.l Infor1v1ation Syste1Y1 is in fact a r,;pecific 
Applications Packaqe, the Conference will probably find it 
useful to hear of some of the techniques that have had to be 
employed in order to support the generalities that such a system 
requires. 

In conducting the initial market and feasibility survey it soon 
became apparant that the variety of information that needed to 
he stored against individuals was enormous. Each Company 
surveyed had a requirement to access standard data (names. 
addresses, skills, Job history> along with its own selection of 
imjustry-specific data. Examples are: detailed educational 
background for Colleges; tool and machine relevant data for 
Enyineering Industry; allergies for Medical Data - the diversity 
was t~t-1d]. E~SSI. 

One obvious consequence to this was that different Personnel 
Officers in each of the different diciplines warrted their own 
specific selection of data on their own screen. They also 
wanted reports which included their own relevant combination of 
data from hundreds of different data items. 

Tlii.~s is u~;ually a lllb for a fourth generatior1 lat1guage, but, as 
fa1· as a Persc1rn1el Officer is c·oncerned, you can't get 1Y11.1ch more 
UEer' Unfriendly th~m to start discussing Pictures, Data Set 
Relatiunsliiµs, Compilations and the like. He doesn't want to 
heco1r1e a "Prog1'a1v11v1er" at1d, no matter how high level the languiilge 
is, this is what is beinq asked of hi1r1. 

The problem beca1v1e, therefore, one of p1'ovidit1g an Application 
Package sufficiently flexible ta create variable input and 
output scl'E!f~11s and variable reports but ~lithout resortirn~ to 
cr11;1pilati.ons/gf~t1el'ations of progra1v1s, data bases or screens and 
without introducing too many unfamiliar concepts and buzz words. 

In this presentation we atte1Y1ot to cover some of the techniques 
used ta itYtrod•.1ce the necessary "Custo1viisatiot1" - AS THEY APPEAR 
TO THE PERSW~NEL OFFICER. At the end of tha session, we will 
deal with the technical side of the system, mainly by means of 
questions from the floor - since it will become aooarant that 
most of the techniques are easily achievable usina standard 
Imaga Data Base, Cobol and View. 

Wa feel it is important to include the System Overview (below) 
and to note that this has bE'en prti;~.ented to, and 11nrJe1·stnocl hy 
Many Personnel Managers and Officers. It sets the scene or the 
level. of co1v1p1 .. 1te1· Jai·gun that it; ,;1llnwab.le. f>inco? "d<1t.:.»' 1'.?· 
the stock in trade of the Personnel Officer there was absolutely 
no pr·oblre1Y1 ir1 the concept nf Pata Base in ter1Yi'3 nf tHl 

info1'1Y1ation pool and the ac.;~;.ociati2d te1'1Y1!'· Fi.le, FiF.?jr:J. 1,1,cd;;i 
Dict.lonar·y "ier·ic• re,-idily under·•3tnocl. 
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PERSON aims to provide a Data Base Structure to rnahle the 
stor;·ige of, at1d easy acce~;s to, the varicn1~;. tym~!'' of infor1¥1E!tion 
hf.~ld against employees by Co;1,panie:;, of wicif~ly t1iffc:;rent 
disciplines. 

Because the flexibility required is at data item level, a sy~tem 
is needed that allows the user to define his OWN data items as 
well as to access standard data items. This is accomolished by 
creating a Data i>ictionary of standard fielcis within the Dt1ta 
Base and then enabling User additions to this Dict;ionary for non 
standard i te1Y1s speci fie to that User. 

On a similar basis standard screens are av,:oi. lable fur 
maintenance and enquiry purposes but it is also pussihle tu 
create User defined screens containing JUst that information 
that is relevant to the User. 

This User defit1ition also applies to output report~;. 11 J.;:!ter 
section of this Report explains in some detail how to use the 
User Definition facility. 

The Data Base i~self consists of a master file of "single 
fields" Cthe Personal set) together with several dPtail sets of 
"repeat fields• such as Associated Addresses, 
Educat iot1/Q1.1al i fica.t ions, Job History Infor1v1at ·ion, rtbsence 
History Information. Screens of maintenance and enquiry allnw 
access to all of these different sets of information. ri furtl~r 
1Y1aintenance screen enables the trans fer at1d enharn::r?1r1f"nt of 
update information from PRYPLAN <The Standard Payroll System) tn 
the PERSON Data BasCi!. The use of t.hesr." screerrn together with 
User defined screens is explained later in this RPnort. 

Reporting fro1r1 the syste1v1 i.s a,;::co1v1plisl·1(~d by U!~f~ of ~r.ev•~rai 
standard rep11rts coupled with an aliv1ost. unl.i.iv1:i.te1J 11u1r1he1· of 
special User Defined Reports. 

Facility has been inclttc:led to enablE? salary i;:d.c~1Ylfimts to h€:' 
ch;~nged in "batch" 1Y10,!e by entry of the para1v1eters of the~ r,;;d;1.1·y 

ch<rnge. This facility is included i.n a Gem~ral Undat:e cnoqra1¥1 
whtch also accomplishes other updating of ~ nun interactive 
n;iture. 

A lowwl.edge of the Security ancl Screen Gonvr:ntions uspd .is 
lmoortant, to under&tRnd the full flexibilities of the system. 
n1,-•m~ are coverE~cJ in t:h1: next section CJ'f th:i!; Repnd;. 
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:5. SYSTEM CONVENTIONS 

~). l GCHEEN CONVENTIONS 

lhe f'yste1Y1 is cu1r1pletely 1r1e1lt1-driven using the function keys, 
which are also used as necessary to facilitate movement/updating 
WITHIN the scrm~ns. 

SpHc·:ial Function l\eys 

Fm1ction ht:y 8 is always used to EXIT fro1Y1 5creen in use back to 
the Menu which routed to this screen, or eKit from tha Help 
F<.~ci 1 i ty below. 

Fmuotinn l\ey 7 is the HELP key. It is used in co11Jlmction with 
NEXT facility on line 23 of each screen:-

If HELP is depre5sed with blank in NEXT it re5ults in the screen 
in use being stored and then replaced by a set of Operating 
Instructions applicable to that screen. When EXIT is depressed, 
th1~ original screen is replaced. 

If HELP is depressed with a screen nu1nber (01 - 931 ill NEXT, it 
provides a direct route to that screen, bypassing «1.enus. 

If HELP is depressed with PT in NEXT, it results in a print of 
that screen to the thermal printer or attached slave printer if 
applicable. 

MP.111.1 Structure 

Fu net ion keys 1 - 6 a re now avail able for use of routing through 
Menus or for within-screen functions. 

The screens other than MAIN MENU have a m11r1ber built up fro1n 1st 
diqit =position of the sub JToenu within MflIN MENU, and 2nd digit 
= position of the screen within sub 1v1enu. 

For ENaJTople - key 2 of Main Menu, "MAINTAIN" takes control to a 
Bub Menu of different Maintenance Possibilities, the 4th of 
which is "Employ•ent Details". Selecting this function key 
gives a work screen to allow Maintenance of Emoloyment Details, 
1-1ith sc1'ee11 n•~1v1ber = 2 4. 

3.2 SECURITY 

It is i•portant to keep a strict security on the access of 
inforJToatian within the system, in view of the nature of the 
details huld. For this reason each operator with access to the 
systelTI must be established with an associated security code and 
a list of ,;ll the data dicticmary ite1v1s to ~1hich. the operato1' 
has access. This is acco1r1pl ishe<1 on <1 special screen for the 
purpose, itself having a special t;ec:<11'ity code, and allovlinq 
ranges of dati~ dictionary ite1¥1!> to lm. fls~;oci,:ited with Operator 
Code <1.nd Security level. 
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:s. :~ CODED NARRATIVES 

Since 111uch of the data held is narrative (reasons for 
leaving/starting, comments, professions, edt1catio11al 
establish111etlts ••• ) the syste«1 lends itself to coding thr.•se 
narratives into TafJles and then referring to the c:ode rather 
than the narrative upon input. Fo1' this nurpm;e such ;1re 
co1Y1pletely User defined, each table being refer1·ed to by a 
letter of the alphabet. 

At any point of input 
description/narrative can be 
followed by two digit code 
itself. 

to the syste111, (\M'( ,,lpha 
referred to by its table letter 
rather than by tht.= desc1·ipt iun 

4. SCREENS AVAILABLE 

The system is tt1•Jlt ico1r1pany and the Main Menu screen al loi•1s P.nt ry 
of Company Number against Operator Code and Security Code. 

After the normal check that this combination is valid the choice 
of submenus available isl 

4.1 DEFINE PARAMETERS 

4.2 MAINTAIN PERSON 

4.3 lNFORM 

4.4 PROCESS REPORTS 

allowing choice from a fa1Y1i I y of 
para.net ric 

Qenera 1 and 
screens enabling 
information of a 
specific nature. A1t1ongst this 
family of screens are the two •aJor 
screens to create the Customisation 

User Defined Screen and User 
Defined Repo1'ts. 

allowing choice from a family nf 
screens to enable Mai tit ~;nance of 
the various sections of the 
information held. 

allowing 
but in 
5creet1s 
details 

the same choice as above 
read only itlnde. IMFUlli>I 

cannot be used tn altP.r the 
held. 

which pr£ment the ProcP.sse.s and 
Report~ available for selection. 
Tlmse include the standard 
Processes and Reports included 
within the syste1v1 plus ;my User 
Defined Reports. 

lnle1'est: ing aspt?cts of so111e of the screens av<li !able are 
out l i 1md be l o~i. 

5. SET Tf\rit ... ES <fro.~1 OEFINE f'{lllOMETERS fa11iily of screens> 

tJn t tr :?E, 
!c'~'tabl. iched 
alphabntl. 

tablPs of nari·<1t lves aqain"'.t ti-rn cliait codE!S can be 
,_,£.;.in~.1 this scrot?n <one for each lnt:ter of the 
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The "empty" tables are initially labelled A-Z and to bring a new 
table into action, depress the relevant function key and na1Y1E-: 
the table. 

The ~.creen allows emtry of "table t'li'llY1e" which also becomes the 
new function key label and then allows a series of entries of 
two digit code against description. 

Table B might become JOB TITLES and code 03 
could be TRAINEE ACCOUNTANT. Thereafter, at 
any entry point throughout the System B03 
could be used as a code to mean TRAINEE 
ACCOUNTANT. 

6. PERSON DETAILS (aqain from DEFINE PARAMETERS> 

This screen serves as a "data dictionary" in that it is used to 
disulay all of the fields of information held on the total 
PERSONNEL FILE. 

Information is held in two maJor categoriesl 

Personal Information 
Employment Information 

For each category, the information held is in two further 
classificatio~s: 

Single Details - information appearing once, such as name, 
NI number, date of birth; and 

Repeat Details - repeated information, such as 
qualifications, Jobs held, absence 
history. 

Along with each field the data number within the data base is 
shown. 

Many single details and repeat details are held on the file as 
sta;idard information. Howeve1·, it is also possible to insert 
further user-defined fields using this screen. 

Deµress the NEW DETAILS function key. The next available data 
dicticrna1·y t11.11v1ber wi.11 be displayed along with sche1v1a nu1v1ber. 
Now enter the field name and field type for insertion onto the 
data base, along with a "Set" typ~~ uf 8, A, D, J or H. S 
denotes Single Details, A= Address Details, Q =Qualification 
Details, J = Job Details and H = Absence/Lateness History. 

ALLOWABLE FIELD TYPES AR~: 

X30 30 character alpha Field 
X10 10 character alpha field 
D Date field 
[l 

v 
T 

Six digit quantity (signed) 
Value -· f;i gned - to C pound~; and ? ne11cr;. 
Telephone Number or 10 digit nuMeric. 
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7. PfWPLAN DETIHLS <again from DE.FINE Plmf.lMETEHSl 

PAYPLAN is the Coggon Computers Payroll System written for the 
HP3000. 

This screen sets the rules for the transfer of information from 
PAYPLAN into PERSON. 

All PAYPLAN items entered via this parameter screen will be 
regarded as "transfer" items during the day by day processing of 
PAYPLAN. If any of these transfe1' ite1v1~; ,'!re dwrnJed within 
PAYPLAN by 1v1eat1s of the E1v1ployee File Maintenanr.e nro9ra1v1 a 
record of this change is stored in the PAYPLAN TRANSFER FILE. 

Then at any time within the processing of PERSON, bv suitable 
choice of function key, this transfer file can be orocessed. 
resultit1g in these changes taldng effect 011 th•~ PEHBDN fi.le. 

These changes take effect either completely automatically or 
with display and possible further input, according to choice of 
Transfer Type (see below). 

Enter: 

PRYPLAN Reference 

Data Dictionary Number 

Transfer Type 

P ro'1Y1pt Message 

Field Name 

Sche1v1a Number 

Field Tyoe 

The data number within PAYPLAN of the 
field to be transferred. 

Give it a data dictionary number within 
PERSON. 

Enter A for .1uto1v1atic non-·display; P 
for automatic, display and prompt. 

Up to 20 character message to appear on 
the PAY PLAN PROMPT screen. 

Up to 20 character field name for 
labelling purposes. 

Schema t11.t1Y1ber v1ithin PERSON. 

FiolrJ type withit1 PERSON a!s d1.1!;;cdbed 
in F., ab11ve. 

Now up to ten further fields can be defined against the same 
PRYPLAN reference, with an associated prompt message. Fields Eo 
definc:d ~·!ill be pro1v1pted on thE• PERBON scret~n <Pf.IYPLAH Pm:tMPTS) 
and can be Emt.ered during the pr11ces~;ing of thP. PflYPL~iN THf.lNf:iFFfl 
FILE. Thus information collected in its basic form during 
PllYPU-li"l (eg. Le~wer f;flis Period) c~"\n b~· supplemented by furtl1f1r 
backgro• .. mli dr~tn:ils (eg. D,:ote of L•~•01ving., Rea;;on for Leaving) 
du l'i t1C.l PfJ~fJOM. 
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U. MAINTRlN FILES - screens of maintenance and enquiry 

E>c,01Y1ples of these screens contain• 

Pe1'sonal lnfor1v1ation 

Associated Address Details 

Educational qualifications 

Employment Information 

Absence History 

naav1e, phone nu1v1be r etc. 

Such as Doctors NIA, Ne><t of Kin 
NIA, Wif~ and Children. 

repeated for each Educational 
Establ ish1v1e•lt, E1<a1vainat ion and 
Subject as required. 

showing JOb titles, grades, dates 
salaries for each JOb. 

maintaining a record of each 
occurence of absence or lateness, 
showing SSP relevant infor1v1at ion 
including notification dat11s, and 
reasons for ablience. Records of 
warnings given are also maintained 
using this screen. 

9. IJSEH SCHEEi'! IMaintenancelEnqui ry) 

This scrm;in enables the relevant User Screen to be chosen and 
should not be confused with definition of User Screen 
discussed later in paragraph 12. 

Select ion of UBEH SCREEN within file 1Y1aintenance gives an inde>< 
consisting of a screenful of Screen Nu.-11ber5 against Screen 
Descriptions associated with that operator code. 

Select the relevant Screen Number, enter in NEXT and that U5er 
Screen will be displayed for maintenance. 

NEXT SCREEN ,:md PREVIOUS SCREEN enable easy move1v1ent throughout 
tlm inde>1. 

Selection of TOTAL INDEX will replace the information displayed 
by the whole inde><, for all operators. OPERATOR INDEX returns 
to the soecific inde>< for that operator. 

PERSONAL DEHllLS 
for that e111ployi=e. 

rehtrns to the initial Single Fields screen 
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10. PAYPLAN PROMPTS 

Selecting PAYPLAN PROMPTS autoiw1atically processes the "Trarn:;fer 
File" if applicable. For each eMployee that has had a change 
within Et11ployee Fi le l'laintenance of PAYPLAN d•Jring the oeriud, a 
screen is displayed within PERSON provided that the field 
changed has beeri defined as transfe1' type P on the PflYPU\N 
DETAILS t0creen. 

The Employee C:ode and naMe are disolayed and thf!11 ear.~h of t:he 
PAVPLAN fields showing the previou& contents of the field and 
the field after aiw1emlment. 

Them a series of prompts are displayed, as entered within the 
Payplan Proiw1pt Definition Screen, and the entry of f•J1ther 
fields of information are enabled. This is reoorted tor all 
type "P" transfer iteMs applicable to that effiployee. 

All et11ployees affected are dealt with in this way •Jnt i 1 the 
transfer file is e1thausted. 

NOTES 

1. Tram•fer fields defined as type "A" wi 11 not aupea1· on l:his 
screen. 

2. · All fields changed <type "P" ANO TYPE "A"> wi 11 re5•Jl t in 
an audit trail record and will th•Js apuear in the 
t rat1sact ion report. 

11. INFORM 

All of the screens available in MAINTAIN 111ode are nnw av<li lab le 
for use in an INFORM l'llOde only. 

They are presented in an identical for1Y1at to their MIHNTi\IN 
!llcreen counterparts with all file a1Y1end111ent facilities ~lithin 
the screens and update relevant f1.111ction lleys removed. 

NOTE: A User ScreEm ca~1 be established as file maintenance 
screen and wi.11 always operate as such usi11q the 
MAINTAIN FILE route. However, if it h;. accesseri via 
INFORM then it will operate as a screen nf h'rformation 
only, the AMEND funct inn keys beco1Yting inhibitud. 

U. "USER SCrtEEN" FACILl'JY 

Facility is given for each User to defino arnJ label his own 
personnel screen which enables access/update of Just those 
fialds which are of interest to that User, 

~Jhen llSEH 
t)l.1if1t1t~ ~.. l ~i 

[JCHEEN hat;.; lmeu sc~lt.:cted 
allocated and Bn entry is 
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name with the screen. Alternatively an existing screen number 
ean bP entE~red to display for· air1end1v1e1·1t the existing LJSEH 
SCRF:EN. 

r·,,ciJity i~; ,;l!;Hl e1llowed to generate a ne~' screen •.tsing an 
existit1q screert ~s a base. 

NC>w, at the fC>ot of the screen enter: 

Data No 

DF!scriptinn 

RDw number on the screen <2-231 

- Data dictionary number (if known, see below) 

-- The Data Dictionary descripiton will be 
and can be amended if Data Number is 
Otherwise Data Dictionery Number 

will be used to locate the data item -
3. 

suggested 
entered. 
entered 
see note 

Label Po~~ition -- Colu1vin nu1v1ber of the label (1-80) 

Data Position - Coluli"m number of the data item 

Dis;play Type 

Access Type 

f3elect 

-- H, F, B to denote half bright, full bright, 
blinkit1g. 

- A, R, 
item, 
write. 

W or blank to denote action code and key 
read only, write only, or both read and 

- Can be labelled 1, 2 or 3 against any item 

As each data item is entered in this way, the body of the screen 
is built up in the rows and columns defined. 

If "Select" is indicated <by a label 1, 2 or 3 to refer to the 
selection) then a further line of information is invited to 
define thF~ selection. 

Enter': 

Select It e111 
Operation 
Critel'ion 
Select Code 

Data Dictionary Number 
Only I, <, ==, NOT>, NDT<, NOT= arE? allo~1ed 
Enter constant for comparison 
Select code 1, 2 or 3 under definition. 

26-9 



\/f;rsicm 1/0783 

NOTES: 

1. Reference can be made in 
Tables defined in the 
accomplished by entering 
followed by two digit code. 

11 data no" to ar1y itE.11Y1 frott1 thr=· 
Set Tables Screen. This is 
a letter to denote the table 

2. The fut1ctiot1 keys associated wit•1 t•1e screet1 aenerated wiJl 
be fixed: 

Fh2 
Fh3 
Fl\4 
Ff\7 
Ff<B 

NEXT EMPLOYEE 
ENTER 
UPDfHE 
HELP 
EXIT 

display next emoloyee 
allow data to be chan9ed 
update with altered data 

3. The first ten characters of data item description ,:ne 1.1~1ecl 

to locate the data item in the absence of Data Oictionery 
N1.t1Y1ber in previous field. If this results in a rwt1·-•.1tdc1'1e 
data item, a message to this effect is displayed and 
cycling through the possibilities is enabled. 

13. DEFINE REPORTS 

Facility is given for each User to define and label his own 
personnel reports in the same way as USER SCREEN can be defined. 

The next available report t1t11Y1ber is allocated and ,~n entry of 
Report Na1v1e is e><pected, to associ.atec• the renort h•itl1 th<o= 
number. Alternatively an existing report number can he entered 
to display for amendment the associated "define report" 
pa ra1Y1et e rs. 

Enter: 

Line No 

Data No 

Label 

Ite1Y1S with the sa1Y1e line nu1v1ber anDea1· on ~;am•? 

l i ne. 
- Data dictionary number (or zero for label 

only). 
- The schema name will be suggested but thia 

can be a1Y1ended. 
Label Position - Print position of the label Cl-132) 
Data Position 
Select 
Su1Y11v1a ry 

Print position of the data item 
- Can be labelled 1-6 against any item. 

If marked S - detail item does not orint -
Su1v11v1ary only. 

Tl1~!•se clet<iils a1·c~ entered for each Do'int heading or Drint line. 

r::c~l1==c:·l: i ot1:: 
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Select; Ite1v1 
Dpe ration 

Data dictionary number 
- ), (, =, NOT>, NOT<, NOT= as before 

For co1v1parison C 1' it e I' ion 
Select Code - 1-6 to represent the select item being defined 

St:·?quence: 

Uo to 4 data dictionary numbers from maJor to minor sequence. 

Calculate: 

Up to three calculations can be defined Cl, C2, C3 by linking 
data dictionary nu1v1bers (01' data> with operations. Allowable 
operations are: 

NOTES 

1. 

+ add 
subtract 

·II- multiply 
I divide 

Data number can contain a data dictionary number, or a 
table reference <letter + 2 digit code) or Cl, C2 or C3 
denoting a defined calculation. 

Literal - L followed by the literal. 

1 fl. CDNCUJS IUN 

The idea of this presentation is to establish the concept of 
PERSON, rather than detail all of the contents of the 
application itself. 

Th;~1'e are further reports and processes - as would be expected 
of a Personnel Information System: 

e. CJ· Gemt~ral Update 

Monthly and Ouarterly 
Manpower Reµctrts 

1dit Trails 

is an update that can be run at any 
time and after a auestion and 
answer session to determine which 
items should change, (whether to 
remove old leavers, change 
salaries), wi 11 then re.~d through 
the Data Base t ct oerfo r1Y1 t Im 
updates. This is alsct used to 
perform WHAT IF requests. 

st.01t ist ic!'"> ctn M;~le, Fe1Y1al~?, Part 
Ti1v1e, Full Time eaY1ployE,PS ~d.t;h 

Labour Turnover Percentaoes. 

of chat1ges made. 
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The important 1Y1essage is that the syste1Y1, develOPf~r.:I in thi~; way 
is: 

1. Co1Y1pletely Flexible 

and surprisingly: 

enabling Personnel Officers to get 
all ite1v1s of information PflE~iENTED 
I 111 THE t-llW THEY HEDU l l'iE IT 
subJect only to having relevant 
security level clearance; 

2. Completely Understandable When the system had been r.:lefinerl we 
felt we had an application that was 
comprehensive but User Complicated. 
It was a pleasant surprise to 
discover that Personnel Officers 
very soon came to terms with the 
concepts of User Screens and USE!1·· 

Reports and are hapoy with the 
operation of PERS~~. 
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BACKGROUND OF OSI AND DSN 

The Open Systems Interconnection was first proposed in 1978 
by the International Standards Organization as a means of dev­
eloping compatible communications protocols between heterogenous 
vendor hardware. The OSI reference model specifies a 7 layer struc­
ure; each layer discretely interacting with the layer(s) adjacent 
to it. Specifically, this interaction is such that services 
are provided to layer n by layer n-1 in response to layer n re­
quests. At opposite ends of the model, its lowest layer provides 
service by physically transmitting data in bits over a medium 
known as a "communication channel 11 , while its uppermost layer 
makes requests for interface connection/release between two 
or more user processes. The layers in between bridge this 
gap between the very complex request made at the top of the 
model and the primititive, single-purpose task provided by the 
bottom of the model by utilizing an approach in conformance 
with the philosphy of "modular design"; each layer performing 
a specific, well defined task, interacting with adjacent 
layers using a precise dialogue of requests,. indications, 
responses, and confirmations. 

DSN was first announced by Hewlett-Packard in 1975 as an 
upgrade/replacement to their Network Central Communications 
Package and Network Satellite Communications Package. DSN pro­
vides a peer to peer relationship between nodes of a distrib­
uted processing network. 

PURPOSE OF PAPER 

The purpose of thi~ paper is to compare a product in the DSN 
line, DS3000 (used by the vendor's Model 3000 processors), with the 
OSI model. As is the case of other popular network implement­
ations, DSJOOO is not a clone of the reference model. Although 
there, are fundamental similarities between the two, important 
differences exist with regard to implementation specifics. These 
differences are particularly profound at the higher layers 
of DSJOOO and OSI. 

DSN(DSJOOO)'s FIT IN THE OSI FRAMEWORK 

Like OSI, 053000 possesses a layer structure. However in­
stead of 7 layers, 053000 is structured on 5 separate functional 
layers. (SEE FIGURE 1.) Layer l, the Communications Line Control 
(CLC) conforms to guidelines set forth as part of OSI's Physical 
Layer; both providing a physical link between adjacent network 
nodes via a transmission media. Various interface standards 
are supported by the CLC. Included for short distance inter­
face are; RS-232-C (OSN/INP) and RS-442 (Direct Control Link). 
Long distance data link protocols are also supported (e.g. V.35, 
X.25, and X.21) using modems. 

Layer 2 of DSJOOO is called the Communications Access Method 
(CAM) Layer. The CAM layer is quite similar to the data link 
layer of OSI in that both provide data transfer over the phys-
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ical medium with the necessary synchronization, error control, 
,and flow control functions. As stated earlier, OS3000 supports 

an array of data link protocols to accomodate interface to 
Public Data Networks and for direct, node to node interface. 

Direct node to node links are established, maintained, & 
severed using a modified bisynchronous protocol that responds 
to teKt transmission with teKt acknowledgement. Transmitted 
teKt is segregated into teKt blocks. Each block contains a 
16 byte header which specifies a process i.d., message type, 
and length, and a data compression/non-compression flag. In ad­
dition to the 16 byte header, an optional appendage section 
(a header extention) may also be present. 

Among the long haul protocols supported by DS3000 is X.25. 
Specific OS3000 implementation of X.25 entails an X.2lbis (RS-
232-C, CCITT V.24) interface, LAP-B protocol with window sizes 
of 1 to 7 bits, and switched or permanent virtual circuits with 
window sizes from 128 to 1025 bytes. High throughput datagram 
services are still yet to be supported by DS3000. Also note­
worthy is the fact that the X.25 protocol has been found 
to yield greater throughput than HP's Bisync. The cost though, 
is a greater CPU load to handle the improved throughput. 

CAM error checking employs longitudinal, diagonal, or ver­
tical parity checks. Retransmission is initiated automatically 
upon error detection. 

Layer 3 of DS3000, the Communications Management (CM) 
Layer, like the Network Layer of OSI provides communications 
routing, flow control & lock-up prevention as well as error 
detection. CM architecture supports most of the more common 
routing topologies such as the ring, string, and star topologies. 
CM routing is non-adaptive and is accomplished through a 
nodal addressing scheme. Tables of nodal addresses establish 
routing paths on which messages are passed. All networking func­
tions are handled on a point to point basis, between locally 
or remotely adjacent processors. Since data packets do not 
contain addressing information, routing must be specified 
programmatically or with FILE commands that establish logical/ 
physical links between adjacent nodes. 

The fourth layer of DS3000, the Network Access Method 
(NAM) Layer like the Transport Layer of OSI provides the bridge 
between application functions of the higher layer(s) and the 
transmission functions of the communications subnets of OSI and 
DS3000. This bridge creates a virtual end to end interface between 
peer entities. In providing access to the 053000 subnet, the NAM, 
like the OSI Transport Layer, "packetizes" messages in preparation 
for transmission. When a message is to be transmitted Network 
Service Intrinsics software within the NAM proccesses out-going 
messages. Incoming messages are processed by the NAM's Network 
Interface Monitor software and are linked to user programs. 
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With regard to NAM upgt·ade, Hewlett-Packard late last year 
announced that they plan to incorporate OSI's Class 4 Trans­
port Layer Specification into their telecommunications pack-
age. The class 4 specification unlike the class 1-3 specifications 
provides detection of damaged, out-of-sequence, or lost packets, 
a prerequsite for support of datagram service as well as local 
area network applications. 

The fifth and final layer of OS3000 is the User Layer. It 
is this·layer that provides direct services to the user. In 
this regard DS3000's User Layer is congruent with the Applic­
ation Layer of OSI. Functions that the OSI model's Application 
Layer specify fall into three categories of service elements; 
common, application, and user specific. As defined in OSI, each 
category provides services of varying specificity. A common 
service element is "common" to all applications (e.g. estab­
lishing an interface between the Application Layer and the 
lower layers of the model). Application service elements are 
related to a general transaction type (e.g. virtual terminal 
access, public data network access, network file transfer, 
etc. ) while user service elements are related to a partic­
ular mix of transaction types that is used to fulfill a spec­
ific user requirement (e.g. real-time inventory tracking in a 
multi-plant environment, air line reservation system, etc.). 

Among the application specific functions provided by 
053000 are virtual terminal access, network file acess, public 
data network acess, network file transfer (i.e. OSCOPY), network 
peripheral access, remote IMAGE data base access, and network 
interprogram communication. 

Although OS3000's User Layer is quite similar to OSI's 
Application Layer to the extent that it provides functions 
specified by the model, it is not a carbon copy of Layer 7 of 
the OSI model. Specifically, the User Layer of OS3000 seems to 
provide other services that exceed OSI Applications Layer spec­
ifications and that are instead addressed by the Presentation & 
Session Layers of OSI. These services are provided on an as re­
quested basis at the time when the virtual circuit is established 
via parameters of the OSCONTROL, OSLINE, & REMOTE HELLO commands. 

The OSI Presentation Layer provides any data transforma­
tions required to increase data throughput (e.g. compression), 
ensures data security (encryption), and/or enables interface be­
tween disimilar peripherals (in particular terminals) that re­
quire conversion of character sets, scroll to page (or page 
to scroll) display , and/or cursor addressing. The 053000 User 
Layer provides some but not all of these services. Data com­
pression is provided through the COMP parameter of the OSLINE & 
OSCONTROL commands. Scroll to page conversions require use of a 
buffer size parameter; LINEBUF = n; where n is the number 
of words the D53000's line buffer can handle without truncating 
or wrapping. Data encryption however is not supported by 053000. 
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The Session Layer of OSI is said to bind the upper layer 
entities and the application process into a logical commun­
icating relationship. Specific services provided by the Session 
Layer include; session connection establishment and release, 
normal data exchange, quarantine service, expedited data 
exchange, interaction management, session connection synch­
ronization exception reporting. 

DS3000's User Layer supports several of these functions. Ex­
pedited data transfer is achieved through the EXCLUSIVE parameter. 
Its use gives the virtual circuit exclusive access to the phys­
ical circuit. Session connection establishment, management, and 
release is facilitated through use of REMOTE HELLO & REMOTE 
BYE Commands. Use of these commands though will leave the 
virtual circuit intact. Exception reporting is handled by a 
TRACE facility that provides a record of line actions, states, 
and events that occur during DS3000 operations. DS3000 inter­
action management capability can be used to set up the local 
processor as a "slave", "master" or "master/slave" node. 

FINAL OBSERVATIONS 

User response to the OSI Reference Model has been over­
whelmingly positive. So strong has been their response, that 
so called "industry experts" have called the phenomenon a "user 
rebellion". Vendor's were reluctant at first to conform to the 
model. However, gradually the major ones have begun to incorp­
orate the basic principles of OSI into their network implement­
ations. Hewlett-Packard, recognizing the importance of the model 
and user support for it, has also come out to endorse it. In a 
joint news release made late in 1983 with 20 other U.S., European 
& Japanese companies, HP endorsed layers 1-3 of OSI. It is ex­
pected therefore that HP will continue to support the OSI con­
cept through further upgrades/modifications of their DSN product 
line. 
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l. Abstract 

This paper will present an overview of different approaches to distributed 
processing, where both IBM and HP computers are involved. The advantages and 
disadvantages of the different methods or approaches will be discussed. 

we will discuss the available datacommunication software for accessing IBM 
mainframes from HP3000s, and suggest some methods by which the user can 
supplement the inherent functions of these software products. 

we will concentrate on interactive distributed applications, where access to 
IBM programs and data is the central theme. 

2. Introduction 

There are many approaches to implementing distributes applications. Below we 
will describe these according to what we have chosen to call their level of 
sophistication. we have found five basic levels of sophistication that are 
possible when application are distributed between HP3000s and IBM mainframes. 
Below is a presentation of these levels, as seen from the perspective of the 
HP3000 user. 

A) Batch-only access 

This is the most common situation, where a user submits a batch job through 
RJE or MRJE and retrieves output. The output may be directed to a printer or a 
file. 
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B) HP on-line, IBM batch 

Many data-entcy applications wock in this mannec. Tcansaction pcogcams ace 
run on the HP3000 that entec data into files. These files are transmitted to 
the mainframe as batch jobs, where they update a central (corporate) database. 

C) HP Passthrough, IBM on-line 

The HP3000 emulates an IBM3270-type cluster controller, and an attached 
terminal emulates an IBM3270-terminal, tbeceby allowing a user access to both 
IBM and HP3000 applications from the same terminal, but at different times. 

D) HP batch, IBM on-line 

A batch job on the HP3000 retrieves data (to a file or an application) by 
accessing on-line systems on the mainframe. 

E) Simultaneous on-line 

A user runs a program on the HP3000, that accesses the HPlOOO or the 
mainframe, as the need arises. Data may be retrieved from, or entered into, 
HP3000 or mainframe-applications at will. 

In most cases, level E would probably be acknowledged as the "ideal" that one 
should try to achieve. This is possible with DSN/DS between HP3000s. Of 
course, DS can also achieve the 4 less sophisticated levels as well. For 
access to IBM mainframe~, levels A and B are the most common, using DSN/RJE or 
DSN/MRJE. The next three levels ace possible by using DSN/IMF. currently, 
most IMF-users only utilize level C - the PASSTHRU program in DSN/IMF or 
IMAS/3000. 

3. Software for HPlOOO to IBM communication 

It is an established company policy of Hewlett Packard's to provide for three 
basic types of compatibility within its datacommunications stcategy: Between 
HP computers, with internationally standardized networks and carciecs, and to 
IBM mainframes, through IBM's Syst.em Network Architecture (SNA). 

There are three HP datacommunication products foe access to IBM mainframes: 
DSN/RJE, DSN/MRJE and DSN/IMF. The common prefix for these product names -
DSN - is an accronym for Distributed Systems Network. The same prefix is used 
for a large number of othec HP datacomm. products:.DSN/DS, DSN/INP, DSN/ATP, 
etc. The product accronyms mean Remote Job Entry, Multileaving Remote Job 
Entry and Interactive Mainframe Facility, respectively. In this chapter we 
will look a little closer at these products. 

DSN/RJE and DSN/MRJE have been around for a number of years, and are much-used 
systems that are well thought of by most users. DSN/IMF is relatively new 
(announced as IML in 1980, and rewritten and renamed in 1981). So far, even 
though the .interest among users is high, the numbec of installations is still 
very low compared to MRJE and RJE. 
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3. l. DSN/RJE 

This is llP's 2780/3780 emulator. RJE gives the usec batch access to IBM 
mainframes and other types of computers. It uses a one-file-at-a-time type of 
protocol. 

RJE emulates a "dumb" communications processor, with essentially l printer, l 
card punch and l card reader. RJE is an operator-oriented communications 
systems, i. e. an operator must issue commands - which files to transmit, 
where to route the received print or punch files, etc •• Only one user can use 
RJE at a time. 

Datacomm. 
Link 

IBM3780 
Batch 

Fig. 3.1: A 3780 device 

llJE's major advantages are that it is very unsophisticated (and therefore not 
particularly error-prone); and that it implements a well-established standard 
(thereby giving the user compatibility with a large number of different 
computer systems). The disadvantages, though, are generally cons1derea 
greater than the advantages. Most significant are ~he unsophisticated user­
interface, and the f ilesize and -format limitations. 

3. 2. DSN/MRJE 

This is llP's Hasp work Station emulator. providing more flexible and automated 
batch connection to IBM mainframes. It provides for transfer of multiple 
files, to mutiple devices, simultaneously. 

MllJE can emulate up to 7 printers, 7 card readers and 7 card punches 
simultaneously. MRJE does not require an operator for normal operation. Any 
user may transmit files through the MllJE user interface program, and determine 
the output-device or output-file for his own job. 
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Datocomm. 
Link 

Fig. 3.2: A HASP work station 

MRJE's majoc advantages are the user-interface program, allowing any user to 
submit jobs to the mainframe, whether the communications link is up or not; 
and the ability to receive print- and punch-files without operator 
intervention, 

3,3, DSN/IMF 

This is HP's 3270 emulator, providing interactive t•passthrough"l access to 
IBM mainframes, or program-to-program communication. It works with BSC or 
SDLC line protocol. 

IMF is a multi-component software product. Seen from the user's point of 
view, it consists of two basic components: The Intrinsics ( for programmatic 
access )_ and PASSTHRU ( for emulation of IBM327X display terminals and IBM328X 
printing terminals), Other basic components are the communications driver, 
the cluster controller emulator, and the management program. 

CB/ 
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4. Remote data access - in batch mode 

Batch mode access to remote data means that the data access seen from the 
HP3000 user occurs in batch mode. This can be done through batch~~ ~­
~ications systems s11ch as DSN/RJE or DSN/MRJE, or by accessing the 
mainframe as an interactive user, but from a batch job running on the HP3000. 

The batch communications protocols for access to IBM mainframes, 2780/3780 and 
HASP work Station, are primarily oriented to submitting a deck of punch-cards, 
in the form of a "JOB" to t:ic mainframe, .:.~.;:! retrieving output to a card punch 
or a line printer. The main difference between a 2780/3780 an HASP Work 
Station is the number of devices ( card readers, card punches and line 
printers) that are supported. 

Normally, RJE (the 2780/3780 emulator on the HP3000) and MRJE (the HASP work 
Station emulator) are not thought of as components' in a distributed 
application. But there are a number of options open to users in order to put 
more intelligence into the usage of these products. In Example A, below, we 
will look at one approach to integrating MRJE into the distributed 
applications of a user. 

4.1. Example: Spoolfile Distribution 

The problem: 

The solution: 

Spoolf iles are received at the HP3000 from the centrally 
located IBM mainframe. Many of the files received are not 
supposed to be printed here, but at remote spooled printers. 

This problem can be solved by looking up the IBM job-name and 
FORMS-code in a table , and then redirecting the spoolf iles 
according to the entries in this table. 

First, let us look at how the operators "fixed" the problem using standard 
commands: 

All the remote spooled printers - at this site - have a unique device class 
name, generally with the form LPxx, where xx is the logical device number Of 
the printer. The mainframe users were instructed to use this device name as 
the IBM FORMS-code for the listings that they wanted to have transferred to 
their remote spooled printers. 

Every time a forms request from MRJE with FORMS-code LPxx appeared at the 
console, the operator refused printing the spoolfile (REPLY pin,N) and 
redirected it to the remote spooled printer LPxx (ALTSPOOLFILE IOnnn, 
DEV=LPxx). 

'l'his of course, works. But the solution soon became a new problem: The users 
found that having their spoolfiles printed at their own printers was very 
nice, and so they generated more spoolfiles for their own printers, and more 
and more, and ••••• very soon the operators had little else to do than 
redirect spoolfiles. That was when we were asked to look at the problem. 
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The answer we found was quite straight-forward1 TO implement an •automatic 
operator•. our implementation is the followings 

A batch program runs SPOOK (HP's standard spoolfile utility program) as a SON 
process passing data through message-files. The following commands are sent 
by the program to SPOOK: 

SHOW TO retrieve status information on the spoolfiles, and to find 
out which files are candidates for redirection. 

TEXT & LIST To get hold of the IBM FORMS-code. 

ALTER TO change the device class for the •current" spoolfile. 

The program decides where to send a spoolfile based on two criteria - the IBM 
jobname (which by MRJE is converted to a filename) and the IBM FORMS-code. 
This information is contained in a file which is read when the program starts 
execution, usually at system start-up time. 

4.2. Example: A distributed memo-switching system 

The problem: 

The solution: 

The company has message switching systems on both mainframes 
and HP3000s, e.g. MEMO or PROFS on the IBM mainframe, JENNY 
or HPMAIL on HP3000. The users do not want to log on to both 
systems in order to retrieve memos. 

A batch job accesses the mainframe, searches for memos to 
HP3000 users, copies these to local files, and then places 
them into JENNY/HPMAIL, and vice-versa. 

With the advent of the automated office, electronic message switching is 
becoming increasingly more popular. on the HP3000 serveral systems are 
already on the market. These include HP's HPMAIL and Infomedia's JENNY. A 
large number of message switching systems is available on IBM mainframes aJ 
well. 

users with both IBM mainframes and HPlOOOs have several options available for 
integrating mainframe and HP3000 message switching systems• 

users can access the mainframe via the pass-through mode in OSN/IMF or 
IMAS, and read and create messages to other mainframe user~ on-line. 

If the mainframe message switching system has a batch access facility, 
a JOB may be submitted regularly from the HP3000 (through R.JE or MRJE) 
that can enter messages into the mainframe system and retrieve 
messages from it. 

A special program may be written to access the message switching 
system on both computers, this program will then transfer messages 
between the systems. 
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For our own implementation, we selected the last of these possibilities. This 
is the most flexible one, and lets every user use the system with which he is 
most familiar, whether that is te mainframe or the HP3000. 

This solution would have been very difficult to implement using standard 
DSN/IMF intrinsics, we estimate approximately 3000 - 4000 statements. By using 
the Automatic Dialogue Facility in IMAS, we could get away with about 200 
Autodialogue statements for the IBM access part of it. The rest is done 
through TOP USE-files and standard JENNY/HPMAIL commands. 

The IMAS Autodialogue facility is a very high level special-purpose 
programming language for accessing IBM mainframes. Autodialogues are 
interpreted by IMAS, running interactively or in batch mode. for more 
information on what Autodialogues are, consult the Reference Manual for 
Fjerndata's IMAS system. 

5. Remote data access - interactively 

Data on the remote mainframe may be accessed interactively in two "modes•i 
passthrough mode, where the user uses bis HP-terminal to emulate an 
IBM3270-terminal1 or in programmatic mode, where the user controls data 
transfer interactively, by using functions such as IMAS automatic dialogues. 

5.1. Passthrough mode 

In passthrough-mode, the HPJOOO emulates an JBM3270 cluster controller, and 
HP-terminals ace used to emulate 3270-type screen terminals or 3280-type 
printing terminals. 

Before we go on to describe the two programs that can do passthrough-mode 
interactive access, let us look at the reasons why users want this type of 
capability. 

One reason, of course, is economical: If you have on-line applications on the 
IBM mainframe as well as on the HP3000, and the same users need to access 
applications on both computers, you do not want them to require two terminals 
to do this. 

Another reason, is standardization: If you want to have a single supplier of 
terminals, then you need passthrough-mode on the HP3000, since IBM does not 
supply passthrough-mode access to HP3000s. (But you could ask for it, of 
course.) 

A third reason, is the datacommunications network: Asynchronous HP-terminals 
cannot easily share a datacommunications line with synchronous IBM-terminals. 
For screen terminals, DSN/MTS ( HP's multipoint BSC protocol) might be used, 
but it is a costly solution, and is not compatible with IBM's SDLC protocol. 

For one or several of the above reasons, and possibly some others as well, you 
have reached the conclusion that you want passthrough-mode interactive access 
to IBM mainframes from your HP3000s. The next question is: What are the 
alternatives? 
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well, there are two alternatives: DSN/IMF comes complete with a pr09ram 
called PASSTHRU, which can emulate IBH3270 and 3280 terminals, and Fjerndata 
bas a product called IMAS, which uses DSN/IMF, and can emulate IBM3270 
terminals. 

Since the main area of overlap between PASSTHRU and IMAS is in passthrough­
mode emulation of IBM3270-terminals, let us briefly look at the differences, 
and bow they affect performance and end-user productivity. 

5.2. Programmatic mode 

In programmatic mode, applications, files and databases on the IBM mainframe 
are accessed through programs. Here, as in pass-through mode, are two 
alternatives a 

DSN/IMF includes a set of INTRINSICs that allow pr09rams written in 
most programming languages (from SPL to BASIC) to access the screen or 
printer images received from the mainframe. 

IMAS has a very high level language built into it, called the XMAS 
Automatic Dialogue Facility. Using IMAS AUtodialogues screeen images 
are more easily accessed than through the DSN/IMF intrinsics, and the 
user has control while the autodialogue executes. 

Using the DSN/IMF Intrinsics is not as simple as most other types of 
programming. Just a simple application that logs on to the IBM mainframe 
executes one command and displays the received screen on a terminal would 
probably require something of the order of 1000 statements. A •real" 
application needs a lot more, including procedures for error-handling and 
other utility type functions. IMAS, which is a program that uses the DSN/IMF 
intrinsics, consists of more than 10.000 statements. 

using IMAS Autodialogues, though, is quite simple. An autodialogue that logs 
the user on to an application, going through 3-5 screens to do so, typically 
does not reauire more than about 50 Autodialogue statements - including 
error-handling. 

Autodialogues are used for a variety of other purposes than logon/logoff. The 
distributed message switching system described in the preceding chapter was 
implemented using the IMAS Autodialogue facility, using about 200 statements 
for logon, logoff and file transfers. 

FUNCTION PASSTHRU IMAS 

Terminal handling BLOCK MODE CHARACTER MODE, mod. fields 1 

FUnction keys a e Hard-coded function keys : 4 userdefilnable keysets 
Terminals handled 1 HP Block mode terminals onlyr All HP terminals 
DSN/MTS support YES - block mode 1 Only through cluster contr. r 
Printer support 1 External print-device only 1 Internal printer supported 
Access to commands: 

and programs Must EXIT MPE MODE 
Advanced functions: none 1 Automatic dialogues 
Batch access Only through INTRINSICS 1 Automatic dialogues 

Figure 5.1: A Summary of differences between PASSTHRU and IMAS 

28-8 



5.3 Simplified access to the mainframe 

Most HP3000 users know a little about using the HP3000 - what tasks they can 
do and bow to go about it. When given access to IBM mainframes too, they will 
have to learn bow to use this computer as well. And most people-;;Ttb both 
HP3000 and IBM mainframe experience, will tell you that it is a lot more 
difficult to learn how to use the latter compared to the former. 

To get around this problem, and to help the user pass the knowledge-threshold 
to IBM r..«ir.~rames, IMAS includes facilities for customizing the product to how 
the user wants to access the IBM mainframe. There are two possible ways to do 
this customizations 

Al IMAS configuration file: 

The configuration file may be specific for the individual user, or for 
a group of users. The configuration file is backreferenced to a 
:FILE-equation, making it extremely easy to implement account- and 
system-wide defaults through the MPE User Defined Command facility. 

Parameters that are defined in the configuration file include: Which 
IMF configuration file to use, which of the emulated IBM3270-terminals 
to open, what to trace when the trace facility is invoked, when to use 
autodialogues, and what functions and labels are in which key-set. 

IBM 3278 screen terminals have 24 Program Function keys (PFl through 
PF24), three Program Attention keys (PAl, PA2, PAl), and an host o.f 
other special-function keys (Erase End of Field, Erase End Of Input, 
CLEAR, RESET, SYS REQUEST, etc.). HP262X terminals have only 8 
user-definable function keys (fl through f8), and a limited number of 
fixed-function keys (clear line, clear-display, roll-down, roll-up, 
etc.). These differences between IBM- and HP-terminals imply that a 
direct mapping between HP- and IBM-function keys is infeasible. 

In IMAS we have allocated a two-digit function number (from -3 to 99) 
to each IBM or local function that can be performed. A list of these 
functions may be found in Appendix A. These function numbers are 
assigned in groups of eight (a "key-set"), to the eight function keys 
on the HP262X terminal. There are also special function numbers for 
switching from one key-set to another. For each defined function, a 
label may also be defined. This label is displayed by IMAS in the 
special label-field of HP262X terminals (lines 25 and 26 on the 
screen) • 

B) Automatic Dialogue Facility 

When using on-line applications on the mainframe, the user must often 
go through a number of transactions in order to get into the screen 
that s/be really wants to enter data into. Logging off the same 
application may be equally complicated. For this reason, the IMAS 
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automatic dialogue facility was invented. An automatic dialogue is a 
description of a set of interactions between a user and a mainframe 
application that is executed by IMAS. Operations that are performed 
repeatedly will not have to be done by users, but may be performed by 
the automatic dialogue facility, removing some of the tediousness from 
the terminal-operator's work. 

Automatic dialogues can also access files on the HP3000, and in effect 
perform data transfer operations between on-line mainframe 
applications and MPE files. Automatic dialogues may also be executed 
in batch mode. 

6. Simultaneous access to IBM and HP 

This is the realm of distributed databases in practice, where the programs 
access the data wherever it is - whether that is on the local HP3000, a remote 
llP3000 connected through DSN/DS, or on an IBM mainfranie connected via 
DSN/IMF. This is the type of application that DSN/IMF was developed to 
support. 

From the HPJOOO, one does not have direct access to any of the mainframe Data 
Base Management Systems. You cannot execute DL/l calls directly but must view 
the mainframe database through an on-line application on the mainframe. 

The sets of screens that the mainframe application exists of may be viewed as 
a database, of the "hierarchical" type. Jn figure 6.1, below, we have 
illustrated this. 

Figure 6.1: A "Database of Screens" 
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This figure illustrates a typical mainframe application: First, you must 
logon to the application of your choice, then you select the transaction that 
you want to use, and finally you use this transaction, which may consist of 
several screens, to enter or retrieve data. 

Comparing figure 6.1 to a database, the 109-on menu is used to issue a request 
for a specific database, the "application menu" is used to select a DATASE'r 
and the transactions are used for GET, PUT, UPDATE, DELETE operations against 
the entries in the dataset. 

Let me illustrate this approach a little more in detail. 

At our installation (IBM 3081K & 370/168 & 4341-2) we run the IBM operating 
systems VM (on the 370) and MVS (on the other two processors). 
Datacommunication is handled through VTAM. we run systems like CICS 
(w/MANTIS), TSO (w/APL, SPF, If'PS and GDDM), IMS DB/DC, and a host of other 
subsystems. A user who wants to 109 on to an application under the IMS 
database system, would 90 through the following steps: 

1. Turn on his terminal (from the 3000 this means he starts the IMAS 
program). 'l'his would cause our VTAM "welcome-message" to be displayed 
on the user's screen. 

2. Enter the IMS subsystem by issuing the IMS conunand. 'l'his would get 
him two screens in succession. The first is a message like "OK, LOGON 
ACCEP'l'ED", then a message from IMS saying "'l'erminal connected". 

3. The user will now log on to his application by accessing a format. 
'l'his means inputting for example •/FOR abed", where abed is the name 
of a defined format. This would be the logon screen for the 
application the user wants to use. 

4. 'l'he user gets a screen that prompts him for some kind of user id and 
password, and possibly some type of billing info (acct. no., proj. no. 
etc.). The user inputs this data and hits enter. lie now gets the 
main menu foe the "abed" application. 

Any approach to programmatic access, would have to go through the same steps. 
In the IMAS autodialogue approach, these steps are simplified, The user would 
typically enter a co11unand (UDC), such as AllCD, and this would get him all the 
way into the primary menu of application ABCD on the mainframe, For security 
reasons, the user should probably be prompted f.or his password, at. some step 
in the dialogue. This is done quite easily. 
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7. concluding Remarks 

In this paper we have presented three HP software-products for access to IBM 
mainframes. we have shown what these products can do, and how other 
applications can enhance the former ones •• 

our recommendation to other users is to use MRSE for batch access, and to use 
the XMAS/IMF combination for online access. 

Our own experience with distributed databases is quite limited, but generally 
these databases cost more that they are worth. using approaches such as the 
file copy utilities in IMAS, to copy files between HP and IBM is probably the 
best approach. 

For installations with many remote spooled printers, that all want to receive 
output from the mainframe, using a system like sos makes a lot of sense. 
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1 • INTRODUCTION TO GIAXO 

Glaxo is one of the world's leadinq and most successful healthcare 
companies, with an outstandinq research record. It employs almost 
30 1 000 people worldwide, many of them qraduates in scientific 
disciplines, and its products are sold in virtually every country in 
the world. Glaxo has a market value of over US $5 1 500 million and 
annual sales in excess of US $1 1 400 million. 

Glaxo is also the only British qroup in the world's top 20 
pharmaceutical companies and is one of the fastest qrowinq. 'Ihe Group 
has subsidiary companies in over SO countries many with their own 
manufacturinq facilities, and aqency representation in more than 100 
others. 

In the UK, Glaxo Pharmaceuticals Ltd is responsible for the manufacture 
of finished products for sale both in the UK and overseas also 
providinq extensive marketinq and technical services to operatinq 
companies throuqhout the world, 

2• EVOLUTION OF COHPUTING IN GLAXO PHARMACEUTICALS 

In 1978 three of Glaxo • s UK pharmaceutical companies 1 Glaxo 
Laboratories Ltd, Allen & Hanbury•s and Evans Medical Ltd, were merqed 
to form a new company, Glaxo Operations UK Ltd, It was decided at that 
time that new computer systems should be developed to provide extensive 
on-line facilities and form an inteqral part of the company's 
operations. 

The three companies at that time had their own computers; 
models from IBM, ICL, DEX:, lledifon, Data General and CMC1 
the data processinq was carried out in batch mode, F.ach 
separate applications systems and its own development and 
personnel. 

a variety of 
and 111<>st of 
company had 
operations 

Concurrent with this company reorqanisation, Glaxo had a small team 
investigating the potential use of mini-computers, Limited experience 
of on-line applications on the existing mainframe computers had 
established that, althouqh they were excellent at batch processing, 
they would not be as cost effective as mini-computers in processing the 
on-line applications systems of the new company. 

The first HP3000 system, a two megabyte Series J, was installed at 
Greenford, Middlesex in October 1978 to coaunence systems development. 
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During the period since 1978, the Company's data processing operations 
have been rationalised and a considerable transformation has taken 
place. The three separate company's centralised DP operations have 
been replaced by a single integrated network of HP3000's supporting a 
distributed Company database, 

The Company's operatioris have also been streamlined in other areas. 
Central planning of production has resulted in better equipment and 
manpower utilisation; resulting in better service to customers and 
reduced inventory levels. Improved up-to-date information has enabled 
the company to increase its competitiveness in the marketplace and to 
improve its profits in a depressed UK economic environment. 

The distribution of computers at a number of geographically separate 
offices and factories has brought in-house computer power to many users 
and the inter-site and inter-machine communications links have made the 
whole Company database available at any node of the network. 

The conceptual single Company database is distributed across the 
network in more than 250 Image databases and though some data 
duplication is necessary this is kept to the minimum required to 
sustain good response time from applications programs. The lack of a 
distributed database management system has not proved a problem and the 
facilities of the MPE file system, DS/3000 and Image combine well to 
ease the problems of centralised database administration. 

Glaxo Pharmaceuticals Ltd and several other companies were formed 
during the last year from Glaxo Operations UK Ltd. One of these 
companies, Glaxochem Ltd, became responsible for the bulk manufacture 
of pharmaceutical compounds and another, Glaxo Export Ltd, was formed 
to handle exports to overseas markets, 

3. THE HP3000 NETWORK 

The network is basically a dual star configuration with the central 
installation providing applications development, network and database 
management for the whole network, each installation of necessity having 
its own operations staff, 

Computer terminal users are located at a number of geographically 
separate factory and office sites in the UK, The Company's 
headquarters are at Greenford, Middlesex1 about 12 miles west of 
London, and there are manufacturing plants at Barnard Castle (County 
Durham), Speke (near Liverpool) and Ware (Hertfordshire), Each of 
these factories has a computer installation and there are also 
computers at the Glaxochem factories at Ulverston (Cumbria) and at 
Montrose (Angus). Other offices and factories served include those at 
Annan (Dumfriesshire), Cambois (Northumberland), Northolt, Ealing, 
Barefield, Beaconsfield and llolborn, London. 1'here are also links to 
the Glaxo Export installation at Islington, London and to HP's offices 
at Pinewood. 
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The network today consists of 17 HP3000 computers. Three of these are 
used exclusively for applications development and a fourth for user 
training and database reorganisation work. At Greenford the four 
production computers are used for (1) Sales and Finished Stock Control, 
(2) Production planning, (3) Accounting, Marketing and Personnel 
systems and (4) Representatives Support and Clinical Trials. At the 
factory installations the Series 64 handles Production Control, Quality 
Assurance, Purchasing, Stores records etc and the Series 44 computer 
handles Accounting and Personnel applications. All machines provide 
on-line information and electronic office facilities such as HPMAIL and 
HPWORD. 

The inter-site communications links between computers operate at 9,600 
bite per second over leased lines using Racal modems. On-site the 
computer-to-computer links are hardwired and operate at 56,000 bits per 
second. Remote terminals are linked to the computers on a point-to­
point basis using leased lines, Racal modems and statistical 
multiplexors. Further dial-up lines with modems provide stand-by for 
the leased lines and connection to Hewlett-Packard. 

The on-line disc storage capacity is 11,963 megabytes. This includes 
52 HP7925's, 14 HP7933;s and 1 HP7912 disc drive. HP7976A tape decks 
and llP2608A line printers are used at each installation. 

The network is operational 24 hours per day from Monday to Friday and 
from Bam and 8pm at weekends. During the week an on-line service is 
provided from 7:30 am until 6pm. At 6pm full dumps are carried out on 
all machines and database logging is restarted on new log files. This 
operation takes about two hours. A batch processing environment is 
operated for the remainder of the overnight period and at weekends. 

There are at present 1066 computer users with access to 602 computer 
terminals, More than 1100 on-line and 950 batch programs have been 
developed. Extensive use is made of V/3000 for on-line work and all 
programs use IMAGE/3000 to process the company's data. This is made up 
of 3551 different data items forming over 7,000,000 entries in 1459 
datasets of 251 Image databases. 

Although data processi.ng is carried out at a number of geographically 
distributed centres, the network's operation is nevertheless highly 
integrated by the use of applications programs that access and update 
both local and remote databases on-line. 
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4. THE USER INTERFACE ANO OTHER CONCERNS 

4.1 HFE COMMANDS 

In a network environment with a distributed database, a terminal 
user would need to use the MPE commands/ OSLINE, REMOTE, FILE and 
RUN to set up and execute applications programs. Some or all of 
the following information must be know to the user when entering 
these commands 1 

(a) Which computer his or her terminal is attached to. 
(b) Which computer the required programs and form files are on, 
(c) What Group(s) and Account(s) they are held in, 
(d) What databases and other MPE files the programs use, 
(e) Whether a program uses routines from a group or account SL, 
(f) Which computer each database or data file is on, 
(g) What Group(s) and Account(s) these are held in, 
(h) What database password(&) to use, 
(i) What OS line name(s) to use in linking to other computer(s), 
(j) What remote log-on's should be used. 

4.2 UOC's 

UOC's (User Defined Commands) can be set up to issue these commands 
and some can be executed automatically at log-on time. Attempts 
were made at using UOC's but it proved to be impossible to achieve 
the very simple user interface that we wanted. In the early days we 
made greater use of UOC files but these were large, time consuming 
to maintain and extended log-on time for the user. When DS lines, 
remote sessions and remote access to data was catered for by the 
uoc•s, MPE operating system table limits were encountered also. 

4.3 SECURITY 

The security provisions of the HPE accounting structure enable 
users to be given capabilities, and controls to be applied to file 
access. Whilst these provisions are probably excellent for stand­
alone computers, with users that have their own programs, databases 
and other files, in a multi-user network environment where on-line 
access to shared data is catered for from local and remote 
computers, MPE security alone is inadequate. 

IMAGE database m3nagement system can be used to provide additional 
data security and at Glaxo Pharmaceuticals 95\ of all data is held 
in databases. Database logging is also used to ensure that data can 
be recovered when necessary. 
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An important consideration with a distributed database is how new 
applications programs can be tested as there is obviously a risk to 
the security and integrity of the Company's data if testing is 
carried out using live data, The majority of our systems 
development work is done at our central installation on separate 
development computers and these have separate smaller versions of 
the live databases containing test data, 

How it is possible to develop and test applications in this single 
machine environment that will also work with the distributed live 
databases on the network with no code changes will become clearer 
shortly. 

4.4 NETWORK MANAGEMENT 

Important objectives of network management are to make the best use 
of available computers and be able to integrate new computers into 
the network when required, The network manager needs therefore the 
flexibility to be able to move users, software and/or databases from 
one computer to another in order to maintain a balanced workload on 
each machine across the network. How this can be done ralatively 
easily without changes being made to applications programs will also 
be clarified, 

5. GLAXO PHARMACEUTICALS USER/NETWORK INTERFACE 

At Glaxo Pharmaceuticals, many computer users always use the same 
computer terminal but a sizeable number, including directors and senior 
managers, need also to use terminals in other departments and at other 
offices and factory sites. To make this possible and to address the 
difficulties outlined previously we have developed and implemented an 
application harness which we have called HENUDRIVER. This is linked to 
MPE with a log-on UDC, and with an appropriate organisation of the MPE 
accounting structure provides a solution to the difficulties previously 
outlined. At the same time it provides a simple yet secure interface 
to the network for computer terminal users. 

5,1 HPE ACCOUNTING STRUCTURE ORGANISATION 

Users are given a log-on that utilises their initials as a USERNAHE and 
a single letter as an ACCOUNTNAME, This letter is the initial letter 
of the town where the computer installation is located that the 
terminal they normally use is attached to. For example, a user at head 
office would use the "G" (for Greenford) account and one at Barnard 
Castle the "B" account etc. 

Each computer also has ACCOUNT's for the initial letter of all other 
installations. The main account of each installation (G at Greenford) 
has GROUPS to hold the databases and applications software of the 
installation. The other accounts have log-on UDC's attached which 
establish a DS link to the computer installation indicated by the 
ACCOUNT name and a session on the remote computer. For example, a user 
signing on to the S ACCOUNT at Greenford will be connected through to a 
computer at the Speke installation. Apart from the slowing down effect 
of the communications line, the user will then work as if he had logged 
on directly at the remote computer installation. 
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The main account at each installation has a log-on UDC that 
launches the HENUDRIVER applications harness. Users remain within 
the control of this program until their data processing work is 
completed and on exit from the program are loged-off from the 
computer. Users are therefore unable to enter commands directly 
to HPE on their terminals. To cater for user, database and software 
administration there are of course a number of special log-on's but 
the use of these is restricted to a limited number of network and 
database administration staff. 

5.2 THE HENUDRIVER APPLICATION HARNESS 

The application harness consists of a program PMENU and five 
Segmented Library (SL) routines which are called by applications 
programs. A log-on to one of the installation main accounts will 
automatically cause the session concerned to execute PMENU. 

5.2.1 THE STANDARD SELECTION SCREEN 

'l'he PMENU program presents the user with a standard selection 
screen onto which he or she may enter the name of an 
application program to be executed. PMEN!l then checks to see 
that the user is authorised to run the selected program by 
accessing a database called MENU, This database structure is 
held on each computer and lists for users at that 
installation the programs that they have been authorised to 
use. If a user selects a program that is not on his menu an 
error message is displayed and the selection is rejected. 

If the user cannot remember the name of a program, HELP can 
be entered on the selection screen and PMENU will display a 
list of the programs that he is authorised to run together 
with a brief description. 

5.2.2 THE MENU DATABASE 

The MENU database also provides PMENU with: 
(a) A list of databases used by the selected program, 
(b) The DBOPEN mode for each database used by the program, 
(c) Whether the access to each database is optional, 
(d) 'l'he users •password for the DBOPEN mode for each database, 
(e) The computer on which each database is stored, 
(f) The DS line routing to the other computer(s) involved, 

5.2.3 PROGRAM ENVIRONMENT INITIALISATION 

When the selected 
PMENU will list the 
to indicate whether 
the program, 

program has optional access to databases, 
optional databases and request the user 
each database is required for this run of 

If a database is not on the computer running PMENU, but is on 
one that is directly connected to it, a DS line will be 

opened to that computer and a remote session established 
thereon. 
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If a database is on a computer that can only be accessed via another, a 
route via the intermediate computer will be set up. A OS line to the 
intermediate computer will be opened and a session established thereon. 
Using program-to-program communication, a slave ' process will be 
launched on the intermediate computer. This will open a OS line to the 
computer where the database is located and establish a session thereon. 

File equations will then be issued identifying the MPE group and 
account where all databases and other files are located. If remote 
computers are involved these equations will define the OS device 
involved. If an intermediate remote computer is involved the slave 
process running on that computer will issue a further file equation 
defining the on-going DS device to the destination computer. 

PMENU will then launch the applications program selected as a son 
process. 

5.2.4 THE SEGMENTED LIBRARY ROUTINES 

The five SL routines that are contained in the application harness are 
designed to enable the user to thread his way through a series of 
programs without having to interact with MPE and to provide database 
passwords to programs. The routines are essentially menu-handling and 
process-handling routines that operate on a shared extra data segment. 
The extra data segment is used to communicate information from one 
process to another within the same process tree. 

The majority of application program selections entered by the user via 
standard selection screen simply cause the selected program to be 
loaded and executed. HENUDRIVER provides for the transfer of control 
between one program and another. 

Some applicat.ions programs may, however, have a number of processing 
options. MENUDRIVER also provides for the transfer of control from a 
program to itself, eliminating the process handling overhead in this 
event. 

One single menu can therefore 
selections therein can refer 

be maintained for a user and the 
to a mixture of programs and also 

processing options within the same program. 
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5.2,4.1 SL Routine SETMENU 

This is an initialisation routine. 
the beginning of each applications 
the beginning of PMENU. 

It is called at 
program and at 

If the shared extra data segment used by MENUDRIVER 
does not already exist, then this routine will build 
it using infomation obtained from the MENU database. 

The extra data segment is used to hold a nucleus of 
information which reduces the need to keep ref erring 
back to the MENU database during subsequent SL calls 

On each call to SETHENU, the current contents of the 
extra data segment are copied into the calling 
progr~m's working store and the previous son process 
if any is "killed". 

5.2.4.2 SL Routine GETCHOICE 

This routine provides the menu-handling interface 
between the application program and the user, 

The routine first tests the •selection" field in the 
extra data segment to determine if the selection is 
currently in force and not yet actioned. If so, the 
routine exits to the calling program without taking 
any action. If the selection field contains blanks, 
which is a signal from the calling program that the 
user's last selection has now been fully executed, 
the routine displays the standard selection screen. 

The next program selection may then be entered on 
the selection screen. Alternatively, "HELP" may be 
entered to obtain a described list of the programs 
that the user is authorised to run. 

When the user enters an authorised program name it 
is placed in the "selection" field of the extra data 
segment and the routine exits to the calling program 

Where an applications program has a number of 
processing options, the calling program must use the 
"selection• field to determine which of the options 
has been chosen. 

'l'he extra data segment also contains a field called 
"driver reply" which is used by GETCHOICE to signal 
to the calling program that the required selection 
resides in another program. To indicate this a 
value of "LINK" is placed in this field and the 
applications program must then call LINKOUT to 
transfer control to the selected program. 

In each session the first call to GETCHOICE occurs 
in the PMENU program. 
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5.2.4.3 SL routine PUTCllOICE 

Normally when the selected processing is completed, 
the applications program would call GETCHOICE to ask 
tme user for the next selection to be made on the 
standard selection 
this would result 
wasteful in terms 

screen it displays, In some cases 
in a dialogue that is considered 
of generated message pairs, 

PUTCHOICE can be used to eliminate the standard 
selection screen. Application programs using this 
must provide for entering a "next selection• field 
on one of the applications screens. The value 
entered is presented to PUTCHOICE for verification 
and the driver reply will tell the program if the 
selection is valid and if it involves a transfer of 
control to a separate program. 

5,2,4,4 SL routine LINKOUT 

The purpose of this routine is to transfer control 
between one process and another, The effect of the 
routine is to sustain a simple process tree 
containing a father and, intermittantly , a single 
current son process. 

When the routine is called from PMENU it 
launches the program indicated in the •selection• 
field of the extra data segment as a son process and 
suspends itself, 

When the routine is called from a son process, it 
returns control to PMENU. 

5.2.4,5 SL routine BASEPASS 

This routine eliminates the need to either build-in 
database passwords to programs or to ask for them 
from the user at run time, 

Database passwords are held on the MENU database and 
obtained at run time with this routine, 

Users are not aware of database passwords and do not 
need to know them. The Database Administrator can 
therefore control access to data by users by setting 
up database passwords with appropriate user access 
capabilities. 

This. allows the Database Administrator overall 
control of access to the Company's databasei 
stopping an applications program, when a user is 
inadvertantly authorised to run t.he program but is 
not authorised to access the data that the program 
uses. 
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6. SUMMARY OF BENEFITS 

6.1 The simplest possible users' interface to the network. 

6.2 A single unique log-on for each user. 

6.3 User log-on at any terminal (excluding development terminals). 

6.4 Usage control of applications programs. 

6.5 Access control to databases by Database Administration. 

6.6 A Standard application selection screen with with HELP facility. 

6.7 Elimination of computer, group and account qualification 
by applications programs, in UDC's or by users. 

6.8 Ability to move databases without program code changes. 

6.9 Ability to change communications links without program code changes. 

6.10 Ability to develop and test applications on a single machine and 
know they will run without code changes on the network computers. 
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A COMMUNICATIONS PACKAGE FOR INTERNETHORKING 
ON THE HP3000 

Reinhold Leitner 
VOEST-ALPINE 
Linz/Austria 

ABSTRACT 

He have developed a communications package which allows program­
to-program communication with different computers with various 
operating systems using identical subroutine calls. 

INTRODUCTION 

In our company there are different types of computers from va­
rious manufactures. Ea.ch computer has different communication 
capabilities providing different user interfaces and services. 

For example: 
HP3000 using DS/3000 
PDP-11 and VAX using DECnet 
IBM using SNA etc. 

It was our goal to develop a communications package with follo­
wing features: 

- an interface for program-to-program communication with iden­
tical subroutine calls on various operating systems 
(e.g HP3000/MPE, DEC/RSX etc.) 

- full routing capability to all computers connected to this 
network 

- low cost by using existing communications hardware and softwa­
re (eg. HP's DS/3000, DEC's DECnet etc.J 

- no modification of operating systems using only supported 
system calls (intrinsics). 

How can we achieve this ? Let us take a look at the structure 
of a layered communications software. 
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ISO Reference Model of Open Systems Interconnection <OSI): 

OSI defines seven lay~rs: 

layer 

7 

6 
5 
4 
3 
2 

1 

Application 

Presentation 
Session 
Transport 
Network 
Data Link 

Physical 

some functions 

filetransfer,virtual terminal, 
remote job entry etc. 
code conversion 
Connect, Disconnect a loqical link 
end-end error control and flow control 
routinq and switching 
link error detection and recovery, 
link flow control 
mechanical, electrical characteristics 

He did not like to invent the wheel another time. He would like 
to use existing communications hardware, communications software 
and protocol emulators. 
But we need a clamp to tie all the software modulen toqether 
to form a network. 

Therefore we defined a simple protocol (so called VOEST-ALPINE 
Standard Protocol CVAS) ) which resides (from the users point of 
view> at level 5 (session layer). 
Cit is a simplification to say that the VAS protocol is a level 
5 protocol. The specific implementation of this protocol de­
pends on the used lower level protocols, depends on the services 
provided by the lower level protocols. For example if the used 
lower level protocol does not provide flow control, VAS has 
to be extended to provide this function. Another extension is 
necessary to provide routinq by special VAS-qateways and end-end 
error control.) 

VAS implements following set of services <intrinsics): 

INTERFACE TO THE VAS-PRQTOCOL 

We will give a brief description of the functions and parameters 
of the VAS-Subroutines: 

P)rameters for all Subroutines: 

(I for input to subroutine, 
O for output from subroutine) 

communication area 
status array (0) 
linknumber CI,0) 
mode (synchronous or asynchronous call> <I> 
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Subroutine-<Intrinsic-) name and parameters: 

Connect: 
<Establish a logical link (session)) 

type of connect (connect to send or receive data) (!) 
local channel name (used to distinguish different 

functions within sender program) (!) 
remote node name <I> 
remote program name !I) 
remote channel name (used by remote program for 

special functions eg. filename) <I> 
remote account information (remote hello) (!) 

Disconnect: 
<Terminate a logical link) 

status code to acknowledge data, if data received (!) 

Abort: 
<Kill a logical link, may be called by master and slave at any time) 

error code (!) 

Send Data Message: 
data buffer (!) 

lenght of data buffer (ll 
indicator if last or not last data message <I> 

Send Status Message1 
<Status to acknowledge incoming connects or received data) 

statuscode (!) 

Receive Data Message: 
data buffer !Ol 
lenght of data buffer <I> 
(lenght of received data message within status array (0)) 

Receive Status Message: 
(Status will be received within status arrary) 

Hait 1. 

(Wait for incoming calls) 

Get Link Information: 
local node name (01 
local identification (account info) (0) 
local channel name (0) 
remote node name (0) 
remote identification (account info) CO> 
remote channel name (0) 

Subroutines to open and close the network 

Subroutine to request further transmission of data on an exi­
sting link 
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Sample sequence of calling this subroutines: 

- to send data 

Master: Slave: 
(initiates transmission) (will be started by network) 

Connect 
(1) 

(2Jr;:nd Data 

Receive Status 

-) Disconnect (4) 

-------> 
<-------
-------) 

<-------
-------) 

Hait 

::::i::a:~~(21~1 
Send Status (3) 

Receive Status f--

(1) If the slave program responds with a 'negative' status mes­
sage, the master program has to disconnect the line (or to 
try again to send data or request data). 

(2) Send (receive) data messages until master sends last message. 
(3) Slave sends status message to master after processing the 

received messages. 
( 4) Master disconnects the line. 

- to request data 

Master: SlavP.: 

Connect -------) Hait 
(1) <------- Send Status (1) 

<2>r;:nd Data -------> Receive DataJt2l 

(3)c;!ceive Data <------- Send Data :;-;-J(3) 
Send Status 

Disconnect ( 4) -------> Receive Status 

<ll If the slave program responds with a 'negative' status mes­
sage, the master program has to disconnect the line (or to 
try again to send data or request data). 

(2) Send (receive) data messages until master sends last message. 
This messages can be used as 'keys' to retrieve data. 

(3) Slave sends 'negative' status message or sends data messages. 
(4) Master sends status message to slave after processing the 

received messages (if any messages received) and disconnects 
the link. 
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Extension (not shown in the examples above>: 

You need not disconnect the link if you have sent or received a 
'complete' set of messages and exchanged the status message. 
You can request further transmission of data on an existing link 
without issui'ng a new connect. 

Summary of functions: 

Using the VAS-protocol you can send data to remote programs 
and request data from remote programs. 
When data is received the data should be processed first and 
then the status message should be sent. So you can achieve 'end­
end-control' or write 'checkpoints' and the sender has the gua­
rantee that the data is processed properly (stored to disc etc.). 
Multiple logical links are supported simultaneously within a 
program and multiple active programs within a computer. 

SPECIFIC IMPLEMENTATION ON HP3000/MPE 

We have to consider two different cases: 

- communication within a network of HP3000's 
- communication with different computers 

Communication within a network of HP3000's (and HPlOOO'a)a 

We can use HP's proprietary network DS/3000 using PTOP <Program 
to Program Communication). A VAS-Connect will be converted to 
DSLINE, REMOTE HELLO and POPEN etc. 
The only problem is: There is no routing capability within DS/ 
3000. This problem is solved using routing tables and routing 
jobs. 

Communication with different computers: 

We could use existing emulators with a task interface (eg. IMF/ 
3000 which emulates IBM's 3270 slave or MTS/3000 which emulates 
IBM's 3270 master>. 
The existing implementation of X.25 on HP3000 is no solution of 
our problem, because X.25 is integrated within DS/3000. Therefo­
re DS/3000 has to run at the remote computer also. 

But there is another way to communicate with a HP3000 without 
writing drivers and/or using special hardware: 
Use an asynchronous terminal port CV.24)1 
This solution is cheap, but we have to implement a protocol to 
guarantee error-free transmission over this asynchronous line. 
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Structure of the software within HP3000: 

User Program 
<within a session 

or job) 

VAS-Subroutines DS/3000 
!SL) <-------- -------------> 

I "' 
Node Routing 

Table 

I I 
I ~essage Files 
I I 
I I 

Gateway 
<job) 

asynchronous line via 
ATP, ADDC or ATP with 
special protocol 
within gateway 

The VAS-Subroutines1 

I 
'V 

or 
3270 

Emulation 

The subroutines are written in FORTRAN and reside within a seg­
mented library. When a user program calls connect the node rou­
ting table is looked up to determine which DS-line or gateway 
must be used to reach the remote node. 

The Gateway-Program: 

The gateway program is written in FORTRAN. The concept 
finite state machine is used. Within the gateway there 
clear interface between the VAS-protocol and the lower 
protocols. So the lower protocols can be replaced easily. 
Each protocol level is implemented using state tables. 

For example: 

STATE 32 
IF SND 
IF <REC, STP > 
IF <REC,SX> 
ELSE FAIL2 

THEN REC 
THEN <WLB,<TIME,T2>> 
THEN <WLB,<TIME,Tl>> 

STATE=32 
STATE=33 
STATE=6 

This part of the state table has following meaning: 

If the VAS-protocol is within state 32 and sending a 
to a user program via a message file has completed 
then issue FREAD <REC> to another message file to 
data from the user program. The new state is state 32. 
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- If the VAS-protocol is within state 32 and the received VAS­
protocol message via messagefile is 'status positive' <<REC, 
STP>>, then write this message to the line <to the protocol 
level below) which connects to the remote gateway and set 
the timer to value T2. The new state is state 33. 

- If 

- If a condition occurs which is not mentioned 
entry for the current state, the subroutine 
for errorprocessing (e.g. termination of 
or retransmission of a message). 

within the table 
FAIL2 is called 

the logical link 

To implement this concept, a parser has been written which 
translates these state tables and generates data structures. 
These translated tables are interpreted at run-time. 

Implementation using an asvnchronous line: 

We can use any HP3000 terminal line on an ATC, ADCC 
To guarantee error-free transmission we had to define a 
for this asynchronous line which must provide following 
to the layer above <VAS-protocol>: 

- communication must be full duplex 
<send or receive at the same time> 

- error-free transmission 
(linkerror detection and recovery) 

- link flow control 

How can this functions be achieved on a HP3000 computer ? 

- full duplex: 

or ATP. 
protocol 
services 

When a read is pending you must have the possibility to write 
to the terminal. This is not possible on the HP3000 with one 
line. So we are using two lines with proper V.24 connectors: 

p in number 

ATC, port x 1-- 2 receive data 
ADCC, 1--

or ATP 
port y 1--

t--

7 

b 3 send data 
7 signal ground 

We do not want to loose any incoming data. So we opened the 
line for read twice. In spite of having two pending reads at 
any time, some characters are lost, if two messages ai·e trans­
mitted to ~he HP3000 one after the other without delay. So the 
remote g 1ay sends some NUL characters in front of each 
messages -~ give time to MPE to switch to the next read. <This 
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leading NUL characters are ignored by the MPE terminal driver). 

We don't want any ENQ/ACK handshake etc. So we use termtype 18. 
And we have to use nowait-I/O to accomplish this task. 

Summary: 

- open one' line for write-only, CCTL, ASCII, new, nowait I/O 
- open another line for read/write <write needs no operator 

reply>, ASCII, new, nowait I/O, share 
- allocate this lines setting termtype 18 using FCONTROL 
- set unedited mode with special end-of-record character using 

FCONTROL 
- set echo off, disable system break, disable subsystem break, 

set parity and enable parity checking using FCONTROL 

- error-free transmission and link flow control 

For link error detection we currently use parity and checksum. 
!Warning: There is no possibility to check parity on HP3000/ 
III ATC when using unedited mode !If). 
Retransmission is accomplished using ACK/NAK handshake and 
timers. !Timer service is accomplished using timeouts on a mes­
sage file. l 
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Simplified flowchart for gateway: 

no 

message-files and terminal 

IOHAIT completion 
preprocessing (generating 
input for table) 
depending on filenumber. 

Table interpreter calls 
various subroutines. 
These subroutines can 
generate input for all 
protocol levels. 

Postprocessing 
depending on filenumber. 

Summary of functions on HP3000 which are implemented by now: 

- VAS-subroutines which form the interface to the network 

- Connection via gateway supporting an asynchronous line to 
another HP3000 (this gateway is symmetrical!) or to any compu­
ter where a corresponding gateway is implemented (e.g. DEC PDP-
11 with operating system RSX-llM) 

- Connection to remote HP3000 using DS/3000 and HPlOOO using 
DS3000 TO DS/1000 

In all cases route through to non-adjacent computers is suppor­
ted. 
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IMPLEMENTATION OF GATEWAYS SUPPORTING ASYNCHRONOUS LINE 
ON NON HP COMPUTERS 

Gateway on DEC PDP-11 (with operating system RSX-llM) which 
converts logical links to DECnet and allows access to all com­
puters connected to this network 
Access via DECnet to SIEMENS and IBM computers is available. 

FUTURE PLANS 

The network is steadily expanded. Future plans concern with 
the integration of WANG/OIS, UNIX, IBM/SNA etc. 
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SYNCHRONOUS COMMUNICATION ON THE HP 3000 

N. M. ornos 
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SYNCHRONOUS COMMUNICATION ON THE HP 3000 
N. M. DEMOS 

DEMOS COMPUTER SYSTEMS, INCORPORATED 

The Interface between a termlnal and a computer has remained 
a mystery to many. This Is only as It should be. The 
typlcal user should not have to know how data gets to and 
from his terminal. It Is sufficient that It does. Others, 
such as those responsible tor configuring and ordering 
hardware, need only a very basic knowledge. Sometimes a more 
thorough knowledge permits the lmplementatlon of applications 
not otherwise possible. We wlll try to enlighten our reader 
so that he wlll have enough background to be able to know how 
to proceed further If he Is so Inclined. 

Most terminals are attached to the HP3000 by a direct 
connection ("hardwire">. They use only three conductors -
one conductor to transmit data, another to receive data and 
the third as a common slgnal ground. The data Is sent 
serlally bit by bit. That Is, the character Is sent by the 
3000 one bit at a time, using the American Standard Code for 
Interchange of Information CASCI I). ASCII uses seven binary 
bits to represent al I the letters of the alphabet, both upper 
and lower case, numbers, speclal characters and other 
(normally unseen) control characters. The control characters 
Indicate functions such as carriage return, llne feed and end 
of message. In addltlon to the seven bits, a bit Is normally 
reserved for parity, and a start and stop bit are required to 
Indicate to the receiving device that a character Is 
beginning and ending. At low speeds (110 characters a 
second), two stop bits are used. This Is the "asynchronous" 
mode of communication. 

In order to communicate over telephone fines, additional 
conductors Ctyplcal ly three or four) are required to control 
the modem Cthe device that converts the computer digital 
slgnal to and from the telephone analog signal). The voltage 
and way that these are connected (Interfaced) from the 3000 
to the modem, from the modem to the remote terminal or 
directly from the computer to the termlnal conform to the 
Electronlc Industries Association CEIA) standard RS232C. In 
this way terminal and modem manufacturers can design and sell 
equipment for any computer that, like the 3000, adheres to 
this wldely used standard. However, all the demands of data 
processing cannot be met by this simple approach. It was 
designed for speeds approximating a Teletype (maximum thirty 
characters a second), With the advent of higher speed 
devices, particularly the CRT display, tho asynchronous mode 
and the RS232C standard caused severe problems. The RS232C 
standard wlll not support long distance communication at high 
speed Cone reason for the Introduction on the Serles 64 of 
the RS422 standard for terminals attached directly>. 
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For high speed transmission over telephone !Ines, the 
asynchronous mode Is not effective. In the f lrst place this 
method Imposes a !lmlt of 120 characters per second because 
each character Is lndlvldually timed. This Is not an 
absolute llmlt, as new technonogles become avallable, but 
there Is an Inherent speed constraint. Secondly there was 
little requirement at the low speeds orlglnally used to 
Implement checking to Insure that a message was correctly 
received and request a retransmission If there was an error. 
Also the requirement for a start and stop bit for each 
character reduced the effective throughput by twenty five 
percent. 

In order to attain Increased speeds the synchronous method of 
transmission was Implemented. This method requires that the 
devices at both ends stay synchronized for an entire message 
(typlcal ly a 1 lne of data, but often much more), With 
synchronous transmission very high speeds are possible. For 
example, the HP 3000 supports speeds up to 7000 characters 
per second In synchronous transmission. As speeds Increase, 
It Is more Important to automatically check for transmission 
errors and re-transmit when an error Is detected. Because of 
this requirement end the need to maintain synchronization 
over an entire message, the hardware has to be more 
sophisticated and therefore more expensive than hardware 
used only for asynchronous transmission, but the payoff Is In 
the higher speeds attalnable. 

The most common and one of the oldest methods <"protocols") 
used to take advantage of synchronous communications Is the 
IBM Binary Synchronous Communications Protocol and Its 
variations. HP uses this protocol for most of Its 
communications products, both because It Is wel I known and 
because HP wishes to support communications with IBM main 
frames. HP al so supports a newer protocol <HDLC) patterned 
after IBM's Synchronous Data Link Communications <SDLC> 
protoco I as we 11 as SDLC ltse If. liDLC and SDLC make better 
use of more recent transmission technologles and are 
therefore more efficient. For a description of these 
protocols and others refer to the Guidebook to Data 
Communications (see the bibliography). 

On the HP 3000, the INP (Interface Network Processor) Is the 
current Interface for synchronous communications. The INP 
has Its own microprocessor and buffers to reduce overhead on 
the processor. It converts data to and from one synchronous 
11 ne. On the Serles 111 there Is also the SSLC <Synchronous 
Single Line Controller) and the HSI. The former Is not as 
flexible as the !NP (speeds only to 1200 characters per 
second for example) and requires more.process time (or 
"overhead") on the 3000. The HSI <High Speed Interface) Is 
used only fore Serles Ill communicating with another In the 
some building. 

On the 2624 and 2626 terminals, there Is a special feature 
that e 11 ows these term Ina Is to operete synchronous I y. The 
2645 also has a board that gives the same capablllty. HP has 
a new product (the Multipoint Cluster Controller - product 
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number 2333A) that allows any standard asynchronous terminal 
(up to 16 per contro I I er) to take advantage of synchronous 
transmission. Therefore to use synchronous transmission the 
hardware Items required are terminals as described above and 
at least one INP on the 3000. To transmit over telephone 
lines, the appropriate modems (or digital units) and lines 
are required. 

In order to Implement various synchronous communication 
capabilities on the 3000, HP developed a subsystem called 
CS/3000. This consists of a series of Intrinsics analagous 
to the tile system Intrinsics (fOPEN, FREAD, FWRITE, 
FCONTROL, etc.) that can be used to def lne the desired 
communications protocol, loglcal device, speed, etc. (COPEN> 
and receive and send data (CREAD and CWRITE). HP has an 
Internal document that gives much Information on how to, use 
these Intrinsics <CS/3000, External Reference 
Specifications). There Is no HP product available called 
CS/3000. Instead the user obtains CS/3000 by purchasing any 
HP communications product. CS/3000 wlll be described later. 

Mu It I po Int Term In a I Software ( DSN/MTS) Is the sub system 
required to support HP synchronous terminals on the 3000. 
Except for some limited models of IBM's 3270, It only 
supports HP terminals. However, standard asynchronous 
terminals are supported through the Multipoint Cluster 
Controller mentioned above. MTS also supports hardwired 
terminals using HP's Data Link method (mostly for the 307X 
family of factory data collection terminals>. Its major 
advantage for the non-factory user Is Its capability to 
support remote clusters of terminals with a single high speed 
I lne. It uses Binary Synchronous protocol (multipoint) 
except In special cases. It does support an asynchronous 
protocol for local application (but you stlll need a special 
product for your terminal to use It this way>. It Is also a 
method to operate terminals at 600 characters or 1200 
characters per second (speeds not otherwise avallable) on the 
Serles Ill If that Is Imperative. 

The Remote Job Entry (OSN/RJE) subsystem Is used to make the 
3000 appear to an IBM mainframe like an IBM 2780 or 3780 
Remote Job Entry work station. It can also be used to 
communicate between two 3000's but DSN/DS (see below) Is 
usually a better choice for this purpose. Data may be sent 
from and received on almost all 3000 peripherals. The RJE 
concept Involves batch processing, so this subsystem cannot 
be used for Interactive communication. 

RJE uses IBM Binary Synchronous protocol In what Is called 
"Contention" mode, This means that each end of the line (the 
3000 or the IBM mainframe) bids tor the line. There Is no 
pol llng as In MTS. Therefore only one 3000 can be on the 
I lne at a time communicating to one IBM mainframe. However, 
di al-up as wel I as leased telephone lines are supported so 
that connections to various host at different times can be 
made If required. 

Mui ti leaving Remote Job Entry (OSN/MRJE> Is a more 
sophisticated version of RJE. MRJE emulates work stations 
that communicate with the IBM HASP, HASP! I, ASP, JES2, and 
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JES3 Job Entry Systems. This package should be used In place 
of RJE when t Is avallable on the host system and multiple 
users on the 3000 wish to submit Jobs for processing. 
Because the 3000 emulates an lntelllgent system (computer) 
much more flexlblllty Is evellable to control job submission, 
control end routing. It also cannot support Interactive 
communication with en IBM mainframe because of the nature of 
the IBM system It emulates. MRJE uses an option of IBM 
Binary Synchronous protocol cal led "Conversetlonel" mode. 
This mode makes the communication llnk more efficient In 
cases when there ls data to be sent both ways. The normal 
receiving station can send date along with Its protocol 
acknowledgements (this Is where the term "Multlleevlng" comes 
from). 

The Interactive Mainframe Feclllty COSN/IMF> Is the only 
other HP product that communicates with en IBM host. As Its 
name lmplles, It Is used to communicate lnteractlvely. It 
makes the 3000 look llke en IBM 3270 type cluster controller. 
A terminal on the 3000 can look Ilka en IBM 3270 type 
termlnel (Pass Thru Model or a 3000 program can access the 
host with speclal Intrinsics (Program Access Model. Program 
Access Mode Is a powerful tool. It Is the only HP supported 
method to programatlcal ly communicate with an IBM mainframe 
lnterectlvely. IMF uses either Binary Synchronous or IBM 
SOLC to communicate with the IBM host. In both cases It 
supports multi-point, that Is, the 3000 can be one of many 
stations on the same llne, 

Distributed Systems CDSN/DS> Is the most powerful of the HP 
communication products. It Is used tor transterrrlng data 
between two 3000 1 s end between a 3000 end another HP computer 
(1000, 250, etc.), It also supports compatlble termlnals on 
Public Date Networks (Telenet and Tymnet). With OS a user on 
one HP computer can log onto another HP computer, use any 
peripheral on the other computer, transfer fifes to and from 
the other computer, access a date base on the other computer 
and write programs that talk to each other directly over the 
communications fink. The llnk may be either local 
("hardwired") or over telephone equipment (remote). Remote 
access may be either over a leased fine or by dlal-up. 
Programs do not have to be changed to use most of the 
capabllltles of DS. Extensions of the FILE Command and 
addltlonal commands, e.g. REMOTE, provide these capabilities 
In a user friendly fashion, OS uses the Binary Synchronous 
protocol except for Publlc Data Network access, I~ which case 
the X. 25 standard protocol Is emp I oyed. 

Orlglnal ly al I these communications products were to be 
programmed using the CS/3000 subsystem, Unfortunately, 
performance considerations forced HP to compromise. Both OS 
end IMF use modules that do not employ CS/3000 for Interface 
to the INP. 

What does the user do 
systems meets his needs? 
that he cannot use one of 
changes at the host or by 

If none of the HP communications 
first of al I he should make certain 
these systems, either by asking for 
redesigning his application. For 
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example, If he requires Interactive access to an IBM 
mainframe, his first option Is to ask that he be given access 
as a 3270. He can then Implement his appl I cation through 
I MF. If th Is does not app I y and he Is a know ledgeab I e user 
he may be able t~ use the CS/3000 Intrinsics. This was done 
successfully In one case where It was required to communicate 
Interactively with an IBM mainframe using the Binary 
Synchronous protocol In content I on mode. 

The application required an Interactive response for credit 
card verlf lcatlon and data capture. IBM Binary Synchronous 
protocol using contention mode was the communications mode 
specified. This Is the same method and protocol used by RJE, 
but RJE assumes communication to the host In a batch mode 
(remember RJE stands tor Remote Job Entry). Although data 
can be entered through SSTOIN, the host looks upon the Input 
as a job submission. Also RJE could not be lntegrate·d Into 
the rest of the application on the 3000, It Is meant to be a 
stand-alone program. It may have been possible to have the 
IBM host communicate with the 3000 as a 3270 cluster 
controller, with the 3000 using the Interactive Mainframe 
Facility (OSN/IMF>. IMF has Intrinsics that can be used to 
make a program look like a 3270 terminal. However, IMF Is an 
elaborate subsystem with a high CPU overhead. The IMF 
Program Access Mode (the way It accesses the host 
programatlcal ly) requires the programmer to use and format a 
dummy terminal screen, This requires considerable 
programming as well as adding to the overhead. 

Performance was an Important consideration because of the 
load on the system. Only because there was no feasible 
alternative was It decided to use CS/3000, This approach 
required considerable knowledge of communications and 
experimentation with some parameters of the CS Intrinsics. 
It was successful In achieving Its applications goals. 

In order for the programmer to use CS/3000 he must first 
configure his INP (SSLC or HSI If he wishes to use one of 
those Interfaces on a Serles Ill>. The configuration Is 
fairly straight forward, and If he does make a mistake, most 
of the configuration parameters can be overrlden with the 
CLINE command, Because we were going to use IBM Binary 
Synchronous protocol (Blsynch) we followed the specifications 
for RJE In the Systems Manager/Systems Supervisors manual. 
Our communications equipment consisted of an INP, Its modem 
cable, a modem (201C equivalent) and a leased I lne. 
Therefore the TYPE In the configuration was 17 (INP> and the 
SUBTYPE was 1 (Synchronous, nonswltched llne with modem), 
Switched means dlal up, non-switched means leased lfne. 
Common sense applled to the rest of the parameters and they 
can be overrlden by the CLINE command and/or the COPEN 
Intrinsic anyway. 

There Is only one driver for the INP, It Is called IOINPO. 
This Is only the driver skeleton. The rest of the protocol 
Is contained In a download flle, For IBM Blsynch contention 
mode this Is CSDBSCO, the default. It comes with OSN/DS and 
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DSN/RJE (and maybe other DSN products>. If you are trying to 
use CS/3000 with other versions of Blsynch or with SDLC, 
beware. You wll I have to match your protocol and mode with 
one of the DSN products and purchase It to get the correct 
download file. A frlendly, communications trained HP SE Is 
Invaluable at this point. 

If you have any questions about the required communications 
equipment, you should refer to tha HP Guidebook to Data 
Communications and/or the HP Communications Handbook (see 
blbllography). The Guidebook has valuable Information on how 
communications equipment works and Its various varieties. 
The Handbook has more specific Information relatlng to HP 
products (be sure you have the 4/81 or later version>. If 
you have all your equipment and HP software In place, you can 
now begin to write your application. It wlll help If you 
code the entire appllcatlon using a programatlcally 
controlled termlnal to simulate the communications llnk. In 
that way you wlll know that the rest of the code works before 
stepping Into the unknown. You wlll have to use SPL or an 
SPL subprogram to establlsh the communications Interface. 

Most CS/3000 Intrinsics have direct equlvalents In the flle 
system (see figure one>. Treat the communications llne llke 
another flle except use the CS Intrinsics Instead. There are 
several differences that you must take Into account. The 
COPEN has parameters describing the communications 
environment that are quite different from the parameters for 
FOPEN although some of them are slmllar. The COPEN 
Intrinsic format Is shown on page 1-30 of the Communications 
Handbook Version 4/81. Either the formal designator or the 
device parameter Is required. The rest are optlonal. The 
three options fields and some other parameters are explained 
on pages 1-13 and 1-29. 

IBM Blsynch requires that each series of messages be 
terminated by an EOT. When writing to the llne (CWRITE> you 
must end with an EOT before you finish or can read CCREAD> 
data. This Is done with a CCONTROL (llnenumber, 1, param). 
When reading, a CCG condition means that an EOT has been 
recleved Instead of data. You must keep posting CREAD's 
untll you get the CCG condition. 

Error hand I Ing needs to be more elaborate than normally used 
for the flle system. The 200-250 series of error numbers are 
partlcularly Important because they may Indicate problems on 
the llne and/or problems at the other end of the llne. In 
partlcular you may see many 205, 207, and 217 errors. 205 
occurs during CWRITE and means that the other end Is trying 
to send data. This occurs If you are the secondary station 
(the primary station, normally the IBM host, has priority>. 
A CREAD should Immediately be done to receive this data. A 
207 typlcally ocurs during a CWRITE If the line takes several 
"hits" or the computer at the other end goes down. A 217 
error Is the result of a CREAD fallure when the other end 
goes down. Most other errors In the 200-250 series can be 
corrected by repeating the operation. Other errors are 
hardware or software prolems at the local site. They are 
class I fled as to probable cause on page 1-21 of the 
Communications handbook. 

31-7 



CS/3000 INTRINSICS At!D COMMANDS 

In tr ins ic 
(Command) 

COPEN 

CC LOSE 

CREAD 

CWRITE 

CGETINFO 

CGROUPINFO 

CCHECK 

PRitlT'LINE' INFO 

CCONTROL 

CPOLLIST 

IODONTWAIT 

IOWAIT 

Similar File 
lntrins ic 

FOP EN 

FCLOSE 

FREAD 

FWRITE 

FGETINFO 

None 

FCHECK 

PRINT'FILE'INFO 

FCONTROL 

None 

IODONTWAIT 

IOWA IT 

CLINE (Command) FILE 

CRESET (Command) RESET 

SHOWCOM (Command) None 

FIGURE 1 
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Comments 

Returns line number similar to 
file number 

Supplies information about a remote 
group on a multipoint line 

Creates or updates a poll list for 
multipoint lines 

Intrinsic is the same and has the 
same purpose (complete 1/0) 

Intrinsic is the same and has the 
same purpose (complete 1/0) 

Shows line errors since last COPEN 



If a large number of errors In the 200-250 series occur and 
the llnk and modems seem to be working correctly, one or more 
entries In this MISCARRAY parameters of the COPEN should be 
analyzed and possibly changed. Type 5, number of error 
recovery retries, may be Increased from Its default of 6 If 
It Is known that the tine may be poor and the appl I cation can 
afford the Increased time required. There are five different 
timeouts that can be changed: 

1) The receive timeout occurs only for a CREAD when the 
remote does not send text, an EOT or a TTD (temporary 
text delay) after the first text message Is received 
or the local 3000 missed It. In the latter case, you 
may have to run In the BS queue to solve the problem. 
The default of 20 seconds seems more than adequate. 
It could be shortened under most conditions. If It Is 
set at too short a time, you wlll get many 209 errors 
on the CREAD 1 s. 

2) The local timeout has nothing to do with the remote or 
the line. If you wit I be waiting for data from the 
remote for long periods of time It should be disabled. 
It Is used to prevent one session or job from 
monopolizing the llne. This timeout occurs when no CS 
Intrinsic Is activated during the time period. The 
default Is 60 seconds. If It occurs (error 155) It 
w 111 d I sconnect the II ne. 

3) Connect time Is the time that the CS system will wait 
for the modem to Indicate that It Is ready CDSR or 
Data Set Ready Line comes onl. It's default Is 900 
seconds. It should be set to about 15 seconds In 
situations where It Is known that the modem and I lne 
are operational. If It occurs <error 151) It wlll 
disconnect the line. If the llne Is disconnected It 
should be CCLOSE'd and COPEN 1 ed to continue. 

4> Response timeout Is the amount of time the system wll I 
wait for a response to a local action during a CWRITE. 
Its default Is 2 seconds for a primary contention 
station and 3 seconds for a secondary contention 
station. An error 207, driver retry exhausted, wll I 
be received If this timeout occurs. 

5) The line bid timeout, (error 217) occurs durng CREADS. 
It means that the remote has no data to send. The 
default Is 60 seconds. The timeout may or may not 
Indicate a true error, depending on whether data Is 
expected or not. Al I these timeouts are described on 
pages D-12 and D-13 of the Communications Handbook 
(the llne bid timeout Is there called the "Walt 
timeout"). Note that they are described as they apply 
to RJE, but the description Is the best we have seen 
In HP documentation. 
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An Important fart of the COPTIONS fleld Is the "local mode" 
subfleld, sett ngs 0-4 refer to various options using Blsynch 
or SOLC, setting 5 and 6 refer to HPDLC. If this subfield Is 
not compatlble with other COPEN parameters, particularly the 
protocGI subflelds of the AOPTIONS parameters, an open 
fellure wlll result. 

The protocol subfleld of the AOPTIONS parameter must be 
compatible with other options of the COPEN and the download 
flle (or driver If the INP Is not being used). If contention 
mode Blsynch <protocol) Is desired the download flle Is 
CSDBSCO, which Is the default. In other cases you wlll have 
to be careful to match the download flle to the protocol. 
Th I s may re q u I r e some I n v e st I g at I on • A II do w n I o a d fl I es 
start with CSD, are 515 words long and reside In PUB.SYS. 

Like the flle system, In the normal mode of operation the 
CS/3000 Intrinsic does not return control to the program 
untll the 1/0 Is complete. By setting bit 15 In the AOPTIONS 
parameter to I the program wlll gain control before the 1/0 
operation completes and the program must Issue an IOWAIT or 
IODONTWAIT lnst~lnslc to complete the operation. There are 
several differences In the way this operates In CS/3000. 
There are no speclal IOWAIT and IODONTWAIT Instructions for 
CS/3000. Because the llne numbers returned by COPEN and the 
flla numbers returned by FOPEN are mutually excluslve, an 
IOWAIT with a f lrst parameter of 0 can be used to wait on the 
first 1/0 that completes, flle or line. Secondly, several 
1/0 requests <up to a maximum of 14, 7 reads and/or 7 writes 
on the INP) to the same fine number can be made without 
Issuing lntervenlnQ IOWAIT•s. 

The NUMBUFFERS parameters of the COP£N Is used to set the 
number of l/O•s that may be queued (negative value) or the 
number that may be queued and buffered (positive value). If 
you use buffers, you do not have to do the COPEN In 
privileged mode to do concurrent (no-wait) 1/0. Having 
several CREAD's outstanding for a llna number may be 
convenient (remember that the EOT requires one), but It 
doesn't seem appropriate when doing CWRITE's because of the 
dlfflculty taking action for the appropriate record on 
errors In transmission. It could be done If the sequence of 
records transmitted ware not Important and the data was kept 
avallable for re-transmission. Each CREAD and CWRITE must 
eventually be paired with an IOWAIT or IODONTWAIT that shows 
completlon unless 1/0 Is aborted by a CCONTROL with 0 as the 
f I rst parameter. If the CCONTROL returns an error code of 
64, an IOWAIT must ba Issued because the 1/0 has already 
completed. 

There are several aids that can be used to help diagnose 
problems. For the INP the program DSM.PUB.SYS can be run to 
test the HP hardware, the download flles and, to a llmlted 
extent, the associated communications equipment. Its 
operation Is described In the INP Diagnostic Procedures 
Manual. Part No. 30010-90002. 
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There Is also a CSTRACE facility that can be Invoked by bit 2 
of the COPTIONS parameter or the CLINE command. It writes to 
a file describing In detail every action taken by the 
communications subsystem, These records may then be printed 
by CS DUMP. PUB. SYS. There are severe I opt Ions that can be 
used. We suggest that the first attempt to employ CSTRACE be 
with no options set. CSTRACE generates a large number of 
entries for every Intrinsic cal led, even If no options are 
used. 

If the programmer stlll has difficulty after using the 
diagnostic tools mentioned above, he might try to use a line 
n1onltor to see whet Is actually happening on the I lne. He 
may be able to borrow one from HP or rent one from a 
supplier. 

In summary the HP communications products work well, but 
sometimes It Is necessary or advantageous to use the CS/3000 
lnstrlnslcs directly. This Is possible but It requires 
considerable technical expertise and even more patience. 
Communications technology Itself Is complicated. The user Is 
adv I sed to use one of the HP products If et a I! fees I b I e. 
Only If he has the necessary resources should he proceed with 
direct use of CS/3000. 
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Introduction 

Most of us have realized that for our Information 

Systems to become more effective in the 80's, success will 

depend on the ability to .network all systems and workstations 

components into a single, shared resource environment. However, 

when the lines are drawn between these various components within 

your network plan, what types of co111111unication capabilities 

should you expect? What types of networking services are, and 

will be, available for your applications? What is the most 

cost effective method for linking these network resources 

together today and in the future. 

This presentation will address these questions and will help 

clarify and demystify the data communication function which is 

dominated by new buzzwords and acronyms. The primary methods 

for linking systems today will be discussed as well as the 

inteniational and defacto standards which are currently being 

proposed. 

Inter and Intra System Conununications 

Imagine this scenario. Your boas asks you for a report tonunorrow 

and the information you need for this report is located on his 

Viaicalc file, his secrertary's word processor, a graphics sys­

tem and sales information systems located at the 8 maJor sales 

offices around the world. To most of us, this type of request 

is something we would have nightmares about at night. 
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How do we begin to collect all these various forms of information 

from various locations and integrate them to solve your business 

problem? There are two alternatives you could choose. One is to 

purchase all of your information processing equipment from one 

vendor. And that's assuming that one vendor can provide you with 

all of you1· processing needs ~ can integrate all of these forms 

of information. Some vendors are in a better position to provide 

this capability but no vendor is even close today. The second 

alternative is to select the best vendor'for each individual 

processing need and try to merge the information together. This 

is the challenge of the multi-processor environment and there are 

probably very few companies today who can say that they purchase 

all information processing related equipment from one vendor. 

When it comes to multi-vendor environments, there are two levels 

of problems to consider. The first is concerned with the pure 

transportation of information from one system to another. For 

example, if you have two different systems, how do you transfer 

information economically and effeciently while insuring that it 

arrives correctly? This is the easier problem to solve and there 

area many available solutions today such as 2780/3780 (RJE) 

emulation and asynchronous (teletYPe) interfaces. This area is 

also one which is being very aggressively pursued in the industry 

today with standards. These standards efforts will be addressed 

later. The second problem is much more complex due to different 

(and incompatible) operating systems on each system which provide 
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different sets of functionality. For example, it would be very 

difficult to query a local data base and if the information is 

not available, automatically query remote data bases. It would 

be difficult because a request for information on one system 

will almost certainly have a completely different form and 

syntax on another system. Another example; once you transfer 

a document or graph between systems, can the receiving system 

understand its file structure or even display it? Probably not. 

The basic problem comes down to the fact that information in 

each particular vendor's system is stored and accessed in it's 

own particular form. Before we can solve any of these two levels 

of problems, an indu~try-wide standard networking architecture 

is necessary. Many of you have probably already painfully 

realized that there are no data communication standards today. 

Why A Standard? 

Today's vendors can support one or more networking architectures: 

vendor unique, IBM's SNA or the International Standards Organiza­

tion's (ISO's) model for Open Systems Interconnection ("OSI 

Model"). If you select a vendor unique network (including IBM's 

SNA), you are then forced to buy all the computers and terminals 

from that vendor or you could spend a lot of time and money on 

custom interface adapters and special software. With an 

industry network architecture, such as the one proposed by ISO, 

multi-vendor networks would be possible allowing you to choose 

the right type of processing capability for the Job, without 

having to compromise on a single vendor's products. 
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This may sound surprising but vendors, too, want a standard. A 

networking standard will develop a huge market, not a lot of 

tiny ones. Vendors make more money sharing a huge market rather 

than designing their the own proprietary network structures. 

Basically, economics is driving the ISO recommendation, not 

technology, 

There are many additional side benifits to a common industry 

network architecture which will be realized in the nearer term. 

These will be discussed in the next section. 

OSI Model 

END-USER OR 
APPLICATION PROCESS 

1 
APPLICATION 

PRESENTATION 

SESSION 

TRANSPORT 

NETWORK 

PATA LINK 

PHYSICAL 
7E 

System "A" 

END-USER OR 
APPLICATION PROCESS 

l 
APPLICATION 

• PRESENTATION 

SESSION 

TRANSPORT 

NETWORK 

DATA LINK 

PHYSICAL 
]" 

System "B" 

As mention earlier, the primary benefit of this model is that if 

all vendors adapted it, multi-vendor communications would be 

greatly simplified. The way it works is that the end-user or 

the application accesses the topmost layer. If data is to be 
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sent from System "A" to System "B", the· data will pass through 

all the layers. Each layer adds a parameter that defines the 

function of that specific layer down through the bottom layer 

until if forms a completed frame. The frame is then sent across 

the transmission medium and the reverse process takes place. 

the parameters at each layer will be stripped and the data will 

be presented to the end-user or application. 

This model offers some additional benefits as well. First, by 

separating the communication function from the application, you 

can avoid costly conversions when the location of your data 

moves somewhere else. This transparency allows the user to 

access data in the same manner whether the information is local 

or remote. HP's DSN/DS is an excellent example of an application 

independant communications product. 

The second benefit of this model is due to the layered approach. 

By specifying certain functions for each layer, new capabilities 

or performance enhancements can be integrated without affecting 

the way we access the data communications function. Let's look 

at a simple analogy to explain this. 

The layered approach of sending a packet of information from one 

computer system to another is very roughly similar to sending a 

letter from one person to another. The top two layers, Applica­

tion and Presentation are similar to corresponding in the 

English language. Both sender and receiver of the letter must 
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speak the same language. If the sender writes in English and 

the receiver only understands Hindu, the message will not be 

completed. The same holds true for computer to computer communi­

cations. Next, the Transport layer, among other things, makes 

sure the data is sent to the correct node in the network and is 

analogous to the Poat Office which controls the sending and 

receiving of our mail from source to destination. The Network 

layer deals with the routing of the data and is like the routing 

of our mail whether it is done by air, train, truck or foot. 

The Data Link layer assures that characters of data are 

successfully transferred from sender to receiver, just like 

certified mail. The Physical layer specifies the physical medium 

of the data transfer, similar to a piece of writing paper. 

These are very rough comparisons, but they help illustrate a 

point. Say, for example, the Post Office has been using trucks 

to transmit mail and they begin to take advantage of airplanes. 

This faster transportation method improves overall service with­

out affecting the way you send a letter. The day we can send 

mail "electronically" through the Post Office instead of using 

paper will also improve the communication function. 

Application and Transport Services 

As mentioned before, there are two level of problems with multi­

vendor communications: the physical tranportation of information 

from one system to another and the incompatabilities between the 

operating systems. The OSI model addresses both a these problems 
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and so we tend to group the 1 layers into two catagories. The 

lower layers are called "Transport Services" and are concerned 

with the physical transportation of data. The upper layers are 

grouped under the heading "Application Services" and deal with the 

differences in operating systems. Some example• of application 

services would be virtual tenninal, file transfer, remote file, 

data base and peripheral access and program-to-program communi­

cations, all of which are available with DSN/DS on the HP3000. 

These capabilitie• can become complex even between HP3000 much 

less different vendor's aystems. Therefore, in order to walk 

before we run, we are focusing our standards effort on the 

the Transport Service•. 

Transport Services Standards 

To date, vendor• have only ben able to agree on certain trans­

port level services such as Public Data Networks (PDN) and 

Local Area Networks (IEEE 802) which are compatible with the 

bottom 3 and 2 layers respectively. Some vendors claim that the 

support of these lower layers provides multi-vendor communica­

tions. This is not true because the remaining upper layers are 

still vendor supplied and therefore vendor unique. 

Even today's transport services are primarily vendor supplied. 

The Physical layer are mostly hardwired, point-to-point lines for 

local area communications and phone lines, both dial-up and 

leased, for wide-area communications. The major benfit of the 

telephone is its widespread availability. 
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This is offset by by their relatively low spead, high error rate 

and inefficient utilization of the line. The telephone is opti­

mized for voice communications not digital communications. The 

growing market for digital communications is bringing forth new 

transport services such as Public Data Networks (PDN), Local 

Area Networks (LAN), Satellites and Private Branch Exchanges 

(PBX). The following _is an introduction to these new transport 

level services and it highlights their major benefits. 

Public Data Network 

Also known as Packet Switched Networks, this transport service 

allows system to system and system to terminal communications 

over PDN's such as Telenet and Tymenet in the U.S. and other 

located in every major country in the world. PDN's provide a 

cost effective alternative beyond the traditional leased and 

dial-up telephone lines for digital computer coDllllunications. 

With a PDN, you primarily pay for the amount of data you send 

across the network and not the connection time qr distance 

between systems. 

PDN's also simplify interconnections between systems because one 

single connection into the PDN allows communication to multiple 

systems and terminals sinultaneously. Therefore, it is a much 

better price/performance alternative for high volume applications 

with multiple, geographically dispersed nodes. Another benefit 

is reliability. If a line fails within the network, an alternate 

path is automatically selected. This is not true of a leased 

line. 
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Local Area Network 

An LAN can best be defined as a networking system owned by a 

single organization within a limited geographical area. The 

benefits of an LAN are that it permits resource sharing among 

computers and peripherals and it simplies interconnections. 

Ideally you could put a single line within your facility and you 

can connect all information processing related equipment. The 

benefits are increased flexibility, resource sharing (network 

resources), simplifies installation (plug in the wall) and 

improved performance (higher speeds). As we discussed earlier 

these benefits cannot be achieved without standards. 

Today there are several vendor defined architectures and 

proposals however there is a standard which exists called IEEE 

802. Thia reconunendation has been endorsed by over 20 electronic 

companies including HP and the original developers of Ethernet. 

IEEE 802 specifies an LAN with data rates of lM, 5M, lOM and 20 

Megabits per second with a range limited to 2.5 kilometers over 

a baseband coax cable. 

What ia baseband? Baseband is capable of digital transmission 

only. The alternative is broadband which is capable of analog 

transmission and therefore can incorporate voice, video and data 

communications. Broadband is also has a higher bandwidth and 

therefore offers multiple logical cables (channels) which to use. 

While broadband has its advantages, the major trade-off today are 

lack of a standard and, primarily, costs. Most organizations 
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today cannot cost/justify a broadband network based on its 

capabilities today. For most organizations and applications 

today, baseband appears to be best suited. 

Satellites 

Technology advancements in satellite conununications is making 

this transmission service a more viable alt~rnative. Today, many 

organizations are finding that they can cost/justify the lease of 

a satellite station and channel similar ~o the way you lease a 

phone line. The benefits are significantly higher speeds and 

higher thru-put rates for remote conununications. 

Several satellite vendors also offer "broadcast" capability which 

allow you transmit information to multiple sites simultaneosly. 

Private Branch Exchange 

Today you already have and information network within your 

organization. Its your phone system. At the heart of your phone 

system is a PBX which is an intellegent switching device. You 

may be surprised to know that most PBX's offered today are 

digital switching devices because it has now become more cost­

effective to convert your analog voice to digital. 

If you have installed (what is referred to as) a third-generation 

PBX, there is no reaaon why you can't take advantage of exfsting 

phone lines for your digital communicational And in fact this 

does offer several advantages: avoids duplication of wiring, 
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lowers cost per port (cost of new wiring + cost of union electri­

cian), flexibility (access to multiple hosts), resource sharing 

(port contention), and more. 

Conclusion 

As we all know, it is a very competitive environment today and 

it will become even more so in the future. You know that the 

computer industry has and will continue to develop the tools to 

help you manage all forms of informations and make all areas of 

your business more productive. What you might not have consi­

dered is that within your industry, maJor competitors will be 

on the same level of computer automation in such key areas as 

accounting, manufacturing, computer aided engineering and office 

automation. Therefore, one of the key differentiating factors 

which will distinguish the leaders from the followers, is how 

effectively you exploit networking technology. Every effort 

today in planning to integrate all your information systems will 

put you into a better competitive position tomorrow. 
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TECHNIQUES OF LOCAL AREA NETWORKING 
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ABSTRACT 

The ever growing demand for cost-effective and word-processing applications 
is making Local Area Networks (LAN's) one of the most important communication 
technologies of the BO's. To meet this exploding demand, many manufactures are 
pr0<:l11cing somewhat complete networks and piecemeal products 1iith varied cost/ 
performance capabilities. This has filled the workplace with a wide ranage of 
terminals, copiers, printers, telephones, plotters, personal workstations, 
computers, word processors, facsimile machines, private automatic branch 
exchanges, personal computers, and other office equipment with.iii the same 
office, building or factory. We are approaching the maximum inflection point 
of being able to use all of this standalone and huge variety of equipment in 
an efficient and cost productive way. In order for groups of people in different 
organizations to function as efficient and well integrated units, the computers, 
peripherals and other equipment that they depend on ~st be able to communicate 
and exchange information quickly, easily, and reliably. An integrated total 
system approach based on local area networks offers a way to provide this 
communication exchange. 

This paper provides a general introduction to local area networking basics, 
concepts, marketplace, business applications, and installation considerations 
along with reviewing issues and trends in local networking. 
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The potential market for Local Area Networks is very diverse and exciting. 
The market will be in four main areas - office environments, manufacturing 
plants and complexes, transaction services (Financial Distribution and 
Reservation systems) and educational establishments. 

The largest market will be in the office environments of major corporations, 
where automation of office functions and increasing use of electronic storage 
media will require high capacity network systems with 1111.1ltiple channel capa­
bilities. Every office in ~very company, from the smallest to the largest, 
in every industrial nation in the world is a potential candidate for a local 
area network. Host observers believe local networks will become as widespread 
in the office as the telephone system. Applications for intra-company networks 
include: 

o Data and File Exchanges between Workstations 
o Peripheral Sharing 
o Electronic Hail 
o Access to Data Bases and Computing Power of a Mainframe Installation 
o Video conferencing 
o Voice Store and Forward 
o Material Flow Control 
o Inventory and Cost Control 
o Engineering 
o others 
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In manufacturing e11vironments, local area networks will be increasinglg used 
to connect terminals, office data and word processing equipment and process 
control and surveillance systems. These environments include: 

o Factory Data Collection 
o 8uilding/E11vironmental control and monitoring (Commercial Buildings, 

hospitals, schools, eta.) 
o Process control, computer aided manufacturing (CAM) and Computer Aided--

Design (CAD) 
o E11ergy Hanagementations 
o Aircraft Communications 
o Photo composition 
o Others 

Transaction services has a great need for local area networks to help with the 
following applications: 

o Financial Transactions 
o Point-of-Sale Systems 
o Reservation Systems (Hotels, Airline, etc.) 
o other 

In educational establishments, local area 11etworks will be used to connect the 
ever increasing number of microcomputers in use for computer education, computer 
aided instruction (CAI) and research purposes. However, since most high schoo.ls 
and elementary school budgets are small, they typically purchase only two or 
three disks and a few printers, and make them available to all other computers 
via some type of local area network or multiplexing arrangement. This will 
change with the development of new storage and information sources that will 
sig11if icantly increase the use of computer/communication networks within the 
school system. Other applications inlcude: 

o Saientif ic 
o Laboratory 

Several different technological developments allowed the evolution of new and 
exciting approaches to local area networking. 

First, the much heralded advances in LSI (Large Scale Integration) a11d VLSI 
(Very Large Scale Integration) technology (Computers or Microprocessor 
chips) made it economically possible to distribute miniccmputers a11d a whole 
array of intellige11t, task-oriented peripheral equipment. 

second, many importaiit gains in communication protocols have been combined 
with this very sophisitcated LSI and VLSI technology in nodes and 11etwork 
interfaces to provide the functions and performance levels needed for local 
area 11et1;ork communications. 
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Third, much more of the lower level protocols responsible for interfacing to 
the network and controlling network functions are being designed into the 
network hardware. As a direct result of this: 

o Nodes have less overhead associated with network control and now 
can better perform their designated !unctions. 

o The network hardware components can be mass produced in volume and 
at lowered cost, simplifying connection to the network and encouraging 
greater participation by users and equipment. 

o Communications protocols that become standardized can be incorporated 
into the network hardware, thus allowing a variety of nodes from many 
different manufacturers to communicate without the need for expensive 
custom interfaces, and giving users izJcreased vendor hardware and soft­
ware independence. 

rhe trend today is towards greater numbers of separately identifiable computer 
based systems, due to the decrease in prices and computer processing components 
within an organization. This has caused a greater awareness (at both indivi­
dual and organizational level) of the benefits of collvenient 1ntercom1ection 
of systems, often supplied by different manufacturers, to achieve coordinated 
access both to common resources (such as databases, analysis programs, 
development tools and office-style memos and reports) and to sophisticated 
or specialized (and therefore, expensive} resources such as mainframe processor, 
file archive and management facilities, printers, plotters, etc. rhere is 
also a need for overall management control of system proliferation, duplica­
tion and/or dilution of effort, synchronization of activity and any other 
factors that can hurt an organizations resources. 

Let's now look at what exactly is a local area network? Basically, a local 
area network is a data communications system that allows computers and periph­
erals to talk to each other over a common transmission medium. 

What are local area network characteristics? 

o Reasonably high data transfer rates - one megabit/sec or higher. 
Usually, near 10 megabits/sec. Short transmission times make 
network operation transparent to users, allowing fast, multiple­
station access. 

o Limited geographical coverage - They usually have a diameter of a 
few kilometers, thus allowing rapid access and communication among 
distant organization groups. 

o Low transmission error rates - Networks reliably accommodate heavy 
data transmission traffic should an error occur, a network station 
can detect it and institute a recovery. 

o Low-cost connection and installation - You can attach or delete stations 
in the network without operational charges. Connection cost shouldn't 
exceed 10 to 20% of station-equipment costs. 
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o Large number of users - Networks can support tens of thousands of users 
a1ld don't constrain organizational growth. 

o Reliability and Availability - Networks can remain unaffected by indi­
vidual failures or removals for service. 

o Security - You can restrict network access to confidential, classified 
or sensitive data file. 

o Flexible Topology - You can modify a network as the organization 
expands. 

o HUlt.imedia Communications - Some networks handle voice and video 
communications as well as data. 

o HUltivendor Compatibility - Networks can contain equipment from 
different vendors which allows greater functionality. 

o Single organization OWnership - Networks are usually owned by one 
organization and are designed by the organization to satisfy its 
needs. Gateways are used to communicate with other organizations. 

The design elements of a local area network must be carefully analyzed in order 
to provide the required levels of data communication capabilities and network 
performance. Anticipated use usually will determine which network type best 
matches your application requirement along with the following questions: 

o How access to the network and message traffic will be controlled 

o How many arid what kinds of nodes can participate and where they can 
be located 

o How nodes will interact Jn the local area network - with other nodes 
and other networks 

o The performance dynamics of the network - speed of response, ability 
to handle traffic loads 

o The hardware and software that will be needed to implement the network, 
and all associated costs thereof 

o The network applications that will be possible. 
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However, before you can do your network and application planning, you need to 
understand the following: 

1) Local Area Network 'lopology 
Point-to-Point or M.lltipoint 

A. Ring 
B. star 
c. Bus 

2) Channel Access 

A. Polling 
B. Contention 

3) Local Area Network 'lransmission Hedia 

A. 'IWisted-Pair Wire 
B. Coaxial Cable 
c. Tiber Optics 
D. Unbounded Hedium (Radio, lticrowave, and Infrared) 

4) Signalling Techniques 

A. Baseband 
B. Broadband 

l) Local Area Network 2'opolog!l 

2'here are two k.tnds of links that serve as the building blocks 
of network topologies. Point-to-point and 111.1ltipo1nt or multidrop. 
A Point-to-point links is a circuit which connects two (and only two) 
nodes without passing through an intermediate node. A multipoint 
or multidrop links is a single line which is shared b!f more than two 
nodes. M.lltipoint lines can be used to reduce the number ot lines 
required to connect nodes and to reduce line costs. 

A. RING TOPOLOGY 

The distinguishing feature of ring topologies is that nodes, which are 
connected llfl point-to-point links, are arranged to form an unbroken 
circular configuration. Transmitted messages travel from node-to-node 
around the ring. Each node must be able to recognize its own address 
in order to accept messages. 

In addition, each mode serves as an active repeater, retransmission 
messages adddressed to other nodes. 
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A. Ring Topology (Continued) 

The need to retransmit each message can make ring nodes more complex than 
the passive nodes on a bus network. When Ring configurations are used to 
distribute control in local networks, access and allocation methods must 
be used to avoid conflicting demands for the shared channel. one way this 
is done by cJ.rculating a bit pattern, called a token, around the ring. 

A node gains exclusive access to the channel when it grabs the token. 
It passes the right to access the channel (i.e. the token) onto other 
nodes when it is finished transmitting. Rings provide a common network 
channel wherein all nodes are fully connected logically. When control is 
distributed, each node can communicate dJ.rectly with all other nodes under 
its own initiative. 

Ring networks with centralized control are often called Loops. One of the 
nodes attached to the network controls access to and communication over 
the channel by the other nodes. Once a node is permitted by the control 
node to transmit a message, it can travel around the ring to its destina­
tion without further intervention by the control node. 

In configuring ring networks, rings must be physically arranged so that 
they are fully connected. Lines have to be placed between any new node 
and its two adjacent nodes each time an addition is made. Thus, it is 
often difficult to prewJ.re a building for ring networks in anticipation 
of nodes to be added in the future. 

Failure of a node or an active component, adding a new node, or any other 
break in the ring confugration will almost always cause the network to stop 
functioning. Steps can be taken to allow bypass of failure points in 
distributed rings, although this usually increases the complexity of the 
repeater at each node, as well as the component costs. Failure of the 
control node in a centrally controlled ring would inevitably lead to 
network failure as well. 

B. ST AR TOPOLOGY 

The distinguishing feature of Star is that all nodes are joined at a 
single point. Star configurations are frequently used for networks in 
which control of the network is located in the central node or switch. 
Point-to-point lines connect the central and outly1llg nodes, thus elimi­
nating the need for the complex link and control requirements of other 
topologies. 

A Star network could be constructed so that the control of communications 
would be exercised by one outlying node, or distributed generally to all 
outlging node, or distributed generally to all outlying nodes. In either 
case, the control function of the central node would be minimized. The 
node would serve as a simple switch to establish circuits between outlying 
nodes. 

In all Star networks the central node is a single point of network 
failures. If it goes down, so does the entire network thus, reliability 
and the need for redundancy measures are important issues. 
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B. Star '1'opolog11 {Cont1nued} 

'l'he star is often used Jn t1.meshaz1ng appl.tcat1ons, 1n PBX (Pr.tvate Branch 
Exchange} telephone networks and .tn s•all clustered networks l1ke word 
processing clusters. 

C. BUS 'tOPOLOGY 

'l'he Bus topolOIJ!I functions .tn the same wa11s as a 111Ult1po1nt line and bus 
nodes share a single ph!Jsical channel vta cable tape or connectors. 
llessages placed on the bus aze broadcast out and nodes must be able to 
recognize their oll1l address .tn order to receive transmissions, however, 
unl1ke nodes Jn a ring, thev do not have to repeat· and .forward messages. 
'l'heretore, there is none of the dela11 and overhead associated with re­
transmitting messages at each 1nterven.tng node, and nodes are also re­
l.teved of network control respons1bilit11 at this level. 

Bus networks aze easil11 contigured and erpanded and the network operation 
will cont.Uiue .tn the event of node failures. Distributed Bus networks 
have been around tor some time. 'l'Ais is attributed to the tact that the 
transmission med.ta (usuall11 coaxial cable or twisted pair wire) and 
transmission have been 1n use tor some t1.me bl/ the cable and l'V J.ndustr11 
and for telephone and data comnunciations. 

'l'here are 111an11 considerations tor the design of Bus networks. Components, 
such as transmitter/receivers, must be designed tor reliable and ma1litrame 
operation. 'l'here 1111.1st also be test equipment that will allow for fast 
and accurate Bus Fault detection and isolation to facilitate repair and 
ma1ntenance. 

2) CHANN6£ ACCESS 

JI, POL£IM1 

Polling 'l'echniques determ1ne the order in which nodes can take turns 
accessing the network, spec1ficall11 so that direct conflict (i.e. 
collisions} between nodes Js avoided. Polling is thus referenced to 
as an non-contention method of network access. 

Centralized poll.tug ma11 be based on a poll1ng list with an arbitrar11 
order {A,C,B,B,D •• ) or the order could reflect network node and traffic 
priorities. 'l'he order of access could also be based sbapl11 on the 
ph11sical location of nodes. 

Distributed Poll.tug also allows control of access to the.network bl/ 
etther token passing, slotted ring, or Cambridge ring. 'l'oken passing 
ts a mechanism whereby each device, in turn and .tn a predeterm.tned order, 
receives and passes the right to use the channel. Slotted rings emply a 
number of slots or frames ot .fbed size circulate around the ring. It 
a node chooses to transmit, .i.t waits for a free or unused slot, inserts 
data into the appropriate field, and indicates the source and destination 
address. As in token passing, nodes along the wa11 check to see 11 the 
frame is addressed to them. Due to the high speed ot slotted rings 
certain inefficencies exist, such as only several bytes of data can be 
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A. Polling (Continued) 

placed in each frame. Therefore, frames contain a high amount of control 
information vs data. 

The Cambridge ring system is based on the establishment and use of circu­
lating slots or packets of fixed size which are successively accessed, 
filled and read by network nodes as they pass by. Each packet slot travels 
in one direction only and makes a complete revolution of the ring. 

8. CONTENTION 

Carrier sense multiple access with collision detect (CSMll/CD) anticipates 
conflicts or collisions and ls designed to handle them. The multiple 
access feature of CSHA/CD allows any node to send a message immediately 
upon sensill<J that the channel is free of traffic. Therefore, you do not 
have the substantial portion of the waiting that ls characteristic of 
non-contention techniques. This access control methods chief advantages 
lie in its simplicity reflected in lower cost per node because the 
scheme needs no complex priority access circuits - and its variable 
length message handling efficiently. 

carrier sense is the ability of each node to detect any traff lc on the 
chan11el. Nodes will 11ot transfer if they sense that there is traffic 
on the channel. Nodes will not transfer if they sense that there is 
traffic on the channel. However, collision could occur betwewen two 
messages due to the propagation delay (time it takes for the signal to 
travel across the network). As both nodes thought they had an open 
channel. 

After detecting a collision, each node involved~acks off, waits, and 
transmits again. This waiting period is usually random as it has proven 
to be more effective in avoiding further collisions. 

The most efficient use of CSHA/CD is when the packets are larger and 
therefore you have fewer collisions. 

Several Bus networks used collision avoidance instead of CSHA/CD due 
to their lightly loaded applications. Collisions get detected by the 
nodes sending and receiving circuits. The se11ding node waits for an 
acknowledgement signal. If it does not come, it will retransmit until 
successful. 
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3) LOCAL AREA NETWORK TRANSJIISSION MEDIA 

A. Twisted-Pair-Wire - Was one of the first wire types used in telephone 
communications and that 1s still true today. Pairs of wires are twisted 
together to minimize the interference created when adjacent pairs of 
wire are combined in multipair cables. Wire ls usually made of copper 
and is inexpensive and easy to install. Used mainly in low speed data 
equipment with the average in the range of 9.6 Kbits per second. However 
the wire does emit and absorb high amounts of electrical interference, 
which can cause error rates. 

Twisted pair provides a good media for integration voice and data 
through Digital Branch Exchanges (DBX) or Computerized Branch Exchange 
(CBX), 

B. Coaxial Cable - often large bandwidth and the ability to support high 
data rates with high immunity to electrical interference and a low 
incidence of errors. Because it maintains low level capacitance in 
lengths to several miles, coax allows high megabit per second data 
rates without signal refeneration, echoes or distoration. Coaxial 
cable used for CATV (Community Antenna f'V) has bandwidth in the 
range of 300-400 llHz. 

c. Fiber Optics - Although expensive, possesses inherent local network 
point-to-point performance capabilities that outclass all other 
transmlsion media. Currently available fibers have usable bandwidth of 
up to 3.3 billion Hz, data rates of over one G-bits per second, high 
voltage isolation, non-electronic radiation, small size and light 
weight, and error rates are very low (one bit error per 109 bits). 

However, fiber optics are still too costly and are also very hard to 
tap into to add additional nodes. 

D. Unbounded Hedium - Radio, Hicrowave and Infrared 

Today, there are a few commercially available local area networks 
based on these unbounded medium technologies. Given time and the 
advancement of technology these three major types of signals will 
undoubtedly become more prevalent. 
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4) SIGNALING TECHNIQUES 

a) BasebaJJd 

o Lower cost of cable used for interconnection 
o Baseband interfacing is less expensive than broadband modems 
o Reasonably high data transmission rate 
o Acceptably low error rate 

Baseband local area networks are predominaJJtly used for data communi­
cations and therefore the signals and transmission technology imple­
mented are digital (optimized for data) with maximum capacity of 
approximately 10 HBPS. Host often 3/8 inch coaxial cable is used with 
Bus Topology with contention control - usually CSMA/CD. 

b) Broadband 

o High total bandwidth allows transfer of data, voice, video. 
o Total bandwidth can be (statically) subdivided into many 

independent channels for transparent use by attached devices. 
o The technology is common to CATV (Community Antenna TV), affording 

some cost-benefits with conventional CATV services. 
o Acceptably low error rate for most applications. 
o No significant geographical extent limitatio11 (up to 500 Km). 

The advantages of broadband are to be found in applications which call 
for many point to point connections where the interconnection pattern 1• 
essentially static or where very high point-to-point transfer rates 
(such as video) are required. 

A broadband network uses analog transmission techniques and can 
accommodate up to 500 Hbps of information. Broadband networks use 
frequency division 111Ultiplexing (FDH) to divide a single physical 
channel made of 1/2 inch 75 OHH CATV coaxial cable into a number of 
smaller independent frequency channels. These smaller channels can 
be allocated different bandwidths so that they can be used to transfer 
different forms of information - specifically voice, data and video. 
Time division multiplexing (TDH) of the total cable capacity is a more 
complex process and is becoming available due to the declining cost 
of digital logic. 

Broadband shortcomings are that in addition to requiring network and 
station interfaces, it uses expensive fixed - frequency or frequecy 
agile (Tunable) modems costing $500 to $1200. In addition to easily 
doubling broadbands interface cost, tunable RF modems prove difficult 
to check, maintain and adjust because they are usually installed 
behind walls and above hung ceilings. 
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b) Continued 

Broadband networks must also rely on a central transmission facilitg 
or head end in a single cable network. This facility acts as the 
networks technical control center and filters incoming RF signals. 
But it also represents a point that could deactivate the entire net­
work, if it fails. 

The lack of industry wide accepted standards for interfacing equipment to 
broadband network is still a disadvantage. However, for Baseband this 
is no.t true as mang vendors have endorsed the IEEE802 standard for 
Baseband networks. 

In the final analysis, the choice between Baseband and Broadband 
is, and will continue to be, dictated by engineering economies. 

PRIVATE BRANCH EXCHANGE (PBX) 

The PBX is another solution thats often easier to install and sometimes less 
expensive then local area networks. Although first and second generation PBX's 
were geared for analog voice communications, third generation PBX's or CBX's 
(computerized branch exchange) and DBX's (digital branch exchange) use digital 
signal-processing techniques to channel digital data and voice. CBX's have 
three basic characteristics; distributed or centralized architecture, integrated 
voice and data (up to 56 kbit/s), and non-blocking (uses fixed-time slot assign­
ment to allow 100% of the installed devices to be simultaneQusly active) con­
figuration. 

There are many different trade-offs between third-generation CBX's and local 
networks. The applications to be interconnected and the workplace site con­
siderations will dictate the final implementation. 

FUTURE ISSUES FOR LOCAL AREA NETWORKS 

Shared Resources - The proliferation of inexpensive intelligence is encouraging 
a drive towards shared resources rather than to shared logia. The number of 
individual devices that need to communicate will grow explosively over the next 
few years. 

Wire-Less Connection and Satellites - Terminal equipment will be able to 
communicate with the local area networks by means of Radio links and Infra­
red tranmissions. 

Standardization - starting to see some of this now (i.e. IEEE802 standard 
for Baseband) but the industry needs higher level standards to be set. The 
timescale for a satisfactory outcome of the various standardization activities 
is most likely to be on the order of 3-5 years. The International Standards 
organization (ISO) is still working on the Open Sgstems Interconnection Stan­
dardization (OIS} model. This OIS model is a seven-layer network that deals 
with communication functions ranging from the physical characteristics of 
networks to message transmission and application chores. The bottom three layers 
( (7) physical layer, (6) data-link control layer, (5) network layer) are 
specific to local networks, while the top three ( (3) Session layer, (2) pre­
sentation layer, (1) application layer) are common to all systems. The middle 
layer ( (4) transport layer) resolves physical differences between networks. 
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l'Uture Issues (continued) 

Hardware Trends - Downward tor prices as the combination ot economics being 
achieved in packaging ot electronic logia (LSI, VLSI, eta.) Along with 
new developments in information transmission media (rJber Optics, Infrared) 
will ensure local area networks strong future. 

Network Hanagement - The growing dependence ot large numbers ot systems to local 
area networks will demand guarantees on networks availability and performance. 
This will have to be provided through etteative resource management and 
planning. 

Network Security - Security vulnerabilities increase as you grow your com­
munication links. Therefore, its important that management sets up a control 
strategy to consider data security, risk and vulnerability assessment, access 
authorization and data encryption. 

The future tor Local Area Networks looks erciting and wide open. over the 
nert two or three years considerable progress will be made in the development 
of local area networks. This ts necessary it we are ever going to have the 
much heralded nottice ot the future". These developments would not just be 
to benefit the ottice but also where 1ntormat1on ts being handled - process 
industry, manufacturing, teaching, research, etc. However, the real challenge 
lies in being able to develop new applications that will take advantage ot 
Local Area Networks. · 
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This presentation will cover Hewlett-Packard's networking strategy and 
how it will improve your productivity. Information on upcomming 
products and longer-term networking directions will be presented with 
the intention of clarifying the capabilities and positioning of the HP 
offerings. 

1'he sensitive nature of some of the information to be covered prevents 
the possiblity of providing a written presentation before the 
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DEVELOPMENT OF THE BRITOIL INTEGRATED TERMINAL NETWORK 

N II SHELNESS - BRITOIL plc 

Introduction 

In 1978 The l:ritish National Oil Corporation ( BNOC) undertook an 
evaluation of small computer systems with a view to providing local 
terminal based processing power at each of its three main business 
centres (Glasgow, Aberdeen and London). As a result of this exercise 
HP3(l00s were selected and a conmunications architecture based on 
DS/3000 1 MRJE/3000, MTS/3000 and directly connected terminals was 
defined (figure 1). Wlile this configuration was never installed, the 
use of DS/3000 and HRJE/3000 has continued to this day (see figure 2), 
while the use of HTS/3000 and directly connected terminals was soon 
rejected. This paper discusses the reasons for this rejection and the 
alternative terminal connection architecture that has evolved in its 
place. 

2 Early Growth 

In late 1978 BNOC installed a half megabyte HPJOOO Series III in its 
220 St Vincent Street, Glasgow office to serve the terminal processing 
requirements of its Glasgow, Aberdeen and London staff. At this point 
BNOC had staff and terminals sited as follows: 

Glasgow 

Aberdeen 

London 

Staff 

448 

276 

317 

Terminals 

24 

6 

4 

Figure 3 depicts the connection architecture in place at that time. 

By mid 1980, BNOC had installed an additional 2 x 1 megabyte llP3000 
series Ills and upgraded the initial system. Ctie of these new systems 
the first was .sited in its St Machar lbuse Aberdeen office, the second 
was installed along side the first in Glasgow. By this time BNOC has 
staff and terminals sited as follows: 
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Staff Terminals 

Glasgow 948 60 

Aberdeen 801 22 

London 177 11 

Figure 4 depicts. the connection architecture in place at that time. It 
had become clear that the policy of using directly connected terminals 
and MTS/3000 was not going to be very effective in BNOC1s envirorrnent. 

3 Limitations of Direct Connections 

Direct connection, using only a cable to attach a terminal to HP3000, is 
by far the simplest and cheapest means of terminal attactvnent. If there 
is only a single HP3000 at a location and terminals are tx>used within 
the same building, no other form of connection need be considered. a.it 
by 1980, BNOC had t~ HP3000S in a single location with the possibility 
of one a "develoµnent" system being used as a standby for the other, a 
"production" system. This was not possible. For "4lile DS/3000 allowed 
terminals directly connected to the "production" system to access the 
11develoµnent" system "4lile both we.re operational, terminals directly 
connected to the former could not access the latter as a standby system 
W"len the former was down. 

4 Limitations of MTS/3000 

lhlike direct connection, MTS/3000 in 1980 posed a nl.lllber of intrinsic 
problems in addition to those that resulted fran specifics of the BNOC 
environment. 
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lhe intrinsic problems were: 

atrocious performance (output to a single printer could cripple 
response) 

2 fault finding was extremely difficult 

3 expensive rapid poll nvdems were required 

q a maximum line speed of only 4.8 kbps was available 

5 it was difficult to add or remove terminals 

6 only 2 HTS circuits could be supported on each of our systems 

While a number of these intrinsic weaknesses (1.4 and 6) were later 
removed by new HP hardware (the INP which replaced the SSLC), the rest 
have remained. 

1hose problems that derived from the BNOC environment were caused by 
rapid organisational growth. Not only was BNOC growing rapidly, but so 
were individual departments with the result that they rapidly outgrew 
their own accommodation. lhis led to a situation in which new offices 
were being rapidly acquired and departments were moved (on average twice 
a year). lhis in turn resulted in a constantly moving terminal 
population. For example a large number of directly connected terminals 
could be nvved to another building at short notice. MTS/3000 could not 
cope either with the number of renvte terminals, the number of renvte 
sites and the rate of change. An alternative approach to remote 
connection was required. 

5 Selecting an Alternative Terminal Connection System 

BNOC in 1980 thus approached a number of data communications vendors 
with a view to acquiring a system that hOUld overcane the immediate 
problems identified in Sections 2 and 3 above as well as form the basis 
of all future terminal attachement requirements. All of the vendors bid 
systems based on statistical multiplexors tied to cross-connection units 
in Aberdeen and Glasgow, though there were considerable differences in 
their detailed proposals. 

Vendors bid systems in which the statistical multiplexors hOuld be 
separate fran, as well as integrated with, the cross-connection switches 
(see figure 5). Similarly vendors bid systems requiring manual (plug 
and socket patching), central operator or user controlled, cross­
connection. 
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In the end the choice was a relatively easy one as the system that was 
clearly most cost effective was also joint or individual 11best11 in 
almost all categories. 1he choice was CASE DCX. At the time it offered 
the following "best" technical characteristics. 

A conmon set of cards across all units. 

2 'Ille ability to support multiple canposite links on a remote 
multiplexor. 

3 Direct connection of composite links to the cross connect switch 
without prior de-multiplexing. 

4 A simple field upgrade path from a simple muliplexor, to an operation 
controlled cross connect switch, to a terminal-user controlled cross 
connect switch to a tandem cross connect switch. 

5 Multiple destinations for a single naned service. 

6 Automatic route selection between switches. 

1hough the system that was initially installed exploited only a few of 
these features (1, 2 and 3) 1 the existence of the others, coupled wth 
continous, upward canpatible, product enhancement has allowed the system 
to develop in the ways that will be described in the remainder of this 
paper. 

6 'Ille Initial BNOC Terminal Connection System 

A decision was made to install the simplest DCX system possible 
consistent with eliminating the problems enunerated in sections 2 and 3. 
1his involved the use of only t~ types of unit and three types of plug 
in cards. 1hese were: 

Units 

DCX 830 - an upto 12 way multiplexor 
holding 1 x ARQ, 1 x BUF, 1 - 3 x LSC 

DCX 840 - an upto 255 way cross connect switch 
holding 1 - 15 x ARQ, 1 - 4 BUF, 1 - 60 x LSC 

Cards 

BUF - a buffer memory card 
ARQ - an N channel/single port composite link interface 
LSC - a 4 channel/4 port asynchronous device interface 
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Upon vendor advice, only 8 x 2.4 kbps asynchronous· terminal channels 
were initially multiplexed over a single 9.6 kbps canposite link. 1hus 
remote sites with from 1 - 8 terminals were equipped with a DCX 830 
containing 1 x ARQ, 1 x BUF and 1 - 2 x LSC cards, while remote sites 
with 9 - 16 terminals (no site at that time had more than 16 terminals) 
were equipped with a DCX 840 containing 2 x ARQ, 1 x BUF and 3 - 4 LSC 
cards. In the case of an 830 the cross-connections between an 
asynchronous device (terminal) channel and a composite link channel was 
fixed. In the case of a DCX 840 the cross-connections between an 
asynchronous device (terminal) channel and a canposite link channel had 
to be established by an operator, either locally from the 840 front 
panel or remotely over a canposite channel from another (in this case 
central) 8110 front panel. 

Each of the 2 central (computer) sites were equipped with a DCX 840 
containing enough ARQs to interface the attached remote sites and each 
other (the 2 central DCX 840s were linked) , 3 x BUfs and enough LSCs to 
interface all of the available HP3000 ATC ports and all of the 
previously directly connected terminals. As at that time, a single 
terminal required semi-permanent connection to only a single HP3000, 
operator, front panel established, cross-connections on each central DCX 
840 could effect the connection of local or remote terminals to local or 
remote ATC ports. 

1he linkage of remote DCX 830s and 840s to a central DCX 840, depended 
upon distance. If the remote DCX unit was in the sane telephone area as 
a central unit, 2 x BT EPS8 circuits were installed. Ole (remote DCX 
830) or both (remote DCX 840) of these circuits were then interfaced to 
the ARQs at each end by inexpensive (£400) 9.6 kbps base band modems. 
If the remote DCX unit was outwith the sane telephone area, one (DCX 830) 
or thO (DCX 840) BT EPS25a circuits, with PSTN dialled backup, were 
installed and interfaced to ARQs at either end by expensive (l4000) 9.6 
kbps conventional modems. Within this configuration the nunber of 
terminals at a remote site could expand or shrink (between 1 and 16) and 
new remote sites could be accommodated (using the PSTN until the 
appropriate circuits were installed) at short (1 - 2 weeks) notice. All 
of the limitations of MTS/3000 had been overcome, and the "production" 
terminals could be connected to the "develoµnent" HP3000 when the latter 
hosted the "production" service. 

It might appear, that with all of our objectives having been met, the 
end had been reached. As the remainder of this paper will make clear it 
was only a beginning. 

figure 6 depicts the original DCX nethOrk (of 1981). 

Note: that the existing MTS circuits were not imnediately withdrawn 
from service (our inate conservatism), and that the Glasgow central 
canputer site had moved to Cadogan lbuse. 
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7 Further Q-owth 

Early in 1980 a decison was made to install our own IBM 3033, as an 
alternative to our by then massive use of a bureau service. 1his system 
was installed in Glasgow in ll'.ltober 1980· It had been policy within 
BNOC (on cost grounds) to limit the use of the bureau service to batch 
Working. With the installation of our own system, and a policy 
conmitment to the use of IBM based fourth generation software facilties 
(FOCUS), a requirement for joint IBM and HP3000 access from a single 
terminal arose. 1his coupled to a demand for more HP3000 terminals 
without a corresponding growth in HP3000 ATC ports necessitated an 
upgrade to our OCX net~rk. 1his was alRK>st trivially accomplished, 
though carefully planned for and introduced. 

1he 2 central OCX 840s were upgraded to OCX 850S by the addition of a 
single (level 1) User SWitching Option (USO) card. 1he USO replaced 
operator effected semi-permanent cross-connections with its own 
temporary cross-connections, established for the duration of a session, 
after a dialogue with a terminal user at the commencement of each 
session. To operate this scheme, sets of channels connected to 3 x HP 
3000 and IBM 3033 ports were grouped into 7 nunbered USO services. 
These were: 

- IBM 3033/3705 ports at 1200 bps. 
- HP3000 "production" HP264X terminal ports. 
- HP3000 "production" non HP terminal ports. 
- HP3000 "developnent" HP264X terminal ports. 
- HP3000 11developnent" non HP terminal ports. 
- HP3000 "operations" HP264X terminal ports. 
- HP300 "operations" non HP terminal ports. 

Each inactive terminal channel was initially cross-connected to a USO 
"initial connection" channel. When the user hit the break key, the USO 
re-cross connected the terminal to one of its multiple "dialogue" 
channels. 1he USO then prompted the user to enter the nunber of the 
desired service, and if one of the channels assigned to the service was 
free (not cross-connected) the USO again re-cross-connected the terminal 
channel to the free channel. 

1he cross-connection once established was identical to an operator 
established (840) or hard wired (8:J>) cross-connection. 

The nunber of terminals, remote .sites, and computer ports continued to 
grow, so that by early 1982 the number of channels required to pass 
through the Glasgow OCX 850 had outstripped the capacity of a single OCX 
850. Thus a second OCX 850 was installed in Glasgow and a second simple 
OCX functional upgrade was effected. The level 1 USO cards were 
replaced by level 2 USO cards (this was effectively a software upgrade). 
Whereas a level 1 USO was able to establish cross-connections between 
terminal channels and service channnels on the same OCX 850 unit. 
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A level 2 USO was able to establish, through cooperation with other 
level 2 USOs in other 850S, all of the cross-connections: initial, 
intennediate, and final; to connect a terminal channel on one DCX 8 to a 
service channel on another, via multiple intermediate 850s. 1he 
mechanisms by which this was achieved, though relatively simple, are 
beyond the scope of this paper. 

It thus became possible to split the Glasgow computer ports and remote 
canposite links between 2 x DCX 850s with a resultant increase in 
reliability, yet at the same time all of the computer ports on all three 
DCX 850s became available fran any tenninal. Previously Glasgow 
computer ports had to be semi-permanently cross-connected to Aberdeen 
for access fran Aberdeen tenninals and visa versa. 

1l1e upgrade from level 
1l1ese were: 

to level 2 also brought other advantages. 

- service names rather than n1.t11bers 
- comprehensive canposite link usage statistics 
- alternative routes between 850s if possible 

'The first was introduced inmediately, the second allowed the number of 
terminals multiplexed to each composite link to be based on measured 
link utilisation rather than rule of thumb, while the third offered scope 
for future developnents. 

In the same time frame BT had granted approval for base band modems to 
operate at 19.2 kbps, as ARQs were rated upto 2~ kbps all local 
composite links had their speed upgraded. 

Figure 7 depicts the network after the upgrade to 3 x DCX 850S in early 
1982. 

8 IBM Full Screen Terminal Access 

With the installation of the IBM 3033 in CX:tober 1980, a second, if in 
sane senses unrelated, problem had arisen. For while it was possible to 
attach asynchronous ASCII devices to the 3033 via the DCX netw::>rk and a 
3705 Conmunications Processor, this did not provide for full screen (IBM 
327x) type i.orking, in the same way that a netWJrk of non HP block mode 
canpatible VDUs could not be used with VIEW/3000. We were thus faced 
with a dilemma. lt>uld we have to install a second parallel netWJrk of 
327s with all that WJuld entail ? The clear answer from BNOC's canputer 
department management was no. We were not going to get into a situation 
in which users had tw::> or more terminals on their desks, and so BNOC' s 
"single terminal policy" was born. This has often been misinterpreted 
to imply that a single terminal type could suit all users. It did and 
does not. It merely indicates that a single terminal on a user's desk 
should be capable of accessing all of the systems, in all of the modes, 
that the user required. So much for the ideal. How was it to 
be achieved ? 
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Ille "great white hope" anong CSD management at that time was a soon to 
be available HP product called IMl/3000 (later renamed IMF/3000). This 
purported to allow an HP terminal to "pass through" an HP3000 as an 
emulated IBM 3277. Examination of IML/3000 with original mode of HP3000 
operation, (eg Block Mode) indicated that its performance was going to 
be too slow and idiosyncratic for general use. These judgements were 
borne out in a trial of the product in March 1981, and the search for an 
alternative began. 

At that time t\-.0 approaches seemed possible. These were: 

acquire a number of the conmercially available 
3270 protocol converters 

- construct our own, channel attached 327X emulating 
front end processor 

While the answer 1-0Uld seem clearly to have lain with the first 
alternative, it did not. All of the protocol convertors studied were 
unable to support HP terminals as emulated 327xs. Each of the protocol 
convertors could effectively support only 4 emulated devices before 
their micro-processors ran out of power. As we wished to support 64 
emulated ports, we 1-0uld need to install 16 and each h'.:>Uld require to be 
attached to its own 3705 port. For all of these reasons, the first 
alternative was rejected and examination of the second began. 

While a number of mini-computer vendors offered an IBM 370 channel 
attachement capability, we believed that life h'.:>Uld be easier if we 
stuck to an IBM product, and hence the IBM Series/1 was chosen as our 
putative front-end processor and outline systems design was begun. At 
the same time, we could not believe that someone faced with a similar 
requirement (we couldn't be that unique) hadn't done it already, so a 
search began. It was rewarded in the autumn of 1981 with the news that 
Yale University, had written such a system for the IBM Series/1, and 
that though unavailable in Europe, it was being marketed and supported 
in the USA by IBM as an Installed User Program ( IUP). (As an aside, 
over the years, many of the IBM's best software products were written by 
IBM field offices of users and subsequently marketed by IBM as Field 
~veloped Programs (FDPs) or IUPs. HASP and SPF being two obvious 
examples). 

From the product description, the "Yale ASCII Terminal Coomunications 
System" seemed an almost ideal solution (the implementation was similar 
in structure to that which we had ourselves designed). It could emulate 
both channel and 3705 attached 327x cluster controllers. Did not run 
out of power supporting the logical maximum of 32 emulated 327x 
terminals, running at 19.2 kbps, per cluster and was desgined to support 
virtually any synchronous ASCII VDU (only cursor addressing, erase to end 
of screen, erase to end of line, and destructive character overwrite 
needed to be present) HP terminals included via simply constructed 
input and output function definition tables. 
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A visit to Yale was arranged, to view the product in operation and 
confirm that its description wasn't just marketing hype. We were 
extremely impressed, and upon our return, an order for a channel 
attached IBM Series/ 1 and the Yale ASCII Terminal Communications System 
IUP (the first in Europe) was placed. Today we have tw:> channel 
attached Series/ls supporting 6q emulated 327xs, and are about to 
install a 3705 modem attached varient in our communications backup site 
to provide full screen 327x access to our backup facility in case of a 
disaster affecting our own 3033. 

lhe IUP was easy to install and to configure (As an aside, each and 
every supposedly canpatible HP terminal type requires a separate 
definition because of snall differences) has proved extremely robust, 
and offers a better level of response to remote HP VDUs than could be 
achieved with real remote 327xs. It is not surprising that nearly qoo 
copies of the IUP have been installed w:>rld wide in. a little over tw:> 
years and the rate of installation continues to climb. 

9 Consolidation 

1982 not only saw the installation of the IBM Series/ls but the addition 
of 3 x new HP3ooo•s (2 model 6qs and a model qq) and the integration of 
6 x HPlOOO into the DCX netw:>rk, which by the end of the year allowed 
350 attached VDUs and 100 printers on 25 sites to access some 21ID 
computer ports on any of 15 computers at 6 different sites with full 
terminal functionality. Yet further develoµnents seemed appropriate. 
lhese were: 

Introduction of a more resilient netw:>rk topology. 

2 Upgrading of remote DCX 8qos to DCX 850s. 

3 • Upgrading to higher speed terminal w:>rking. 

q Upgrading of canposite link speeds. 

5 Installation of a centralised netwrk monitoring 
and control facility. 

By late 1982, though capacity limitations had forced the installation of 
a second DCX 850 in Aberdeen and a third in Glasgow, the network 
topology consisted of tw:> star bursts with the majority of remote 
terminals being semi-permanently cross-connected via DCX 8qos to a single 
composite link and hence a single central DCX 850. If a circuit or a 
central DCX 850 went down, all of those terminals went down with them 
until manual re-cross-connection, (if not link or central DCX 850 capacity 
limited), attached them to a live link and or central DCX 850. Also, if 
a disaster wiped out a central site, despite the availability of backup 
systems on other sites, terminals w:>uld not be able to access them as 
they had to be routed through the disaster affected central site. 
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The solution was tw:> fold: upgrade all remote DCX 840s to 850S and 
triangulate all connections through a 11coR111unications backup site". The 
barrier to the former was simply cost. 

With a USO then listed at £6500 - CASE was approached and asked to quote 
on a job lot basis for 10. Tile price that they quoted, which has since 
been undercut by CASE•s new low list prices (£2000 for a USO or £3300 
for a complete 850 including 1 x BUF and 1 x ARQ) rendered the exercise 
viable, and upgrade of all remote DCX 840s to DCX 850S was scheduled for 
phased introduction through the first half of 1983. At the same time 
the second composite link (at least in Glasgow) was routed not to a 
central DCX 850 but to a DCX 850 in a second 11conmunications backup 
site" which was in turn linked by high speed composite links to the tw:> 
central sites, thus forming a triangle. Tile first canposite link was 
also upgraded to higher speed w:>rking if appropriate. As configured, a 
remote DCX 850 will first attempt to access a service through the 
shortest direct "primary" route, to a central site. If there is no 
spare capacity on the route, a link is down, the destination DCX 850 is 
down, or all of its ports for the requested service are busy, it will 
attempt a connection through a longer secondary (indirect via the backup 
site) route, etc. 

In this way the operational viabilility of the netw:>rk is automatically 
maintained should a canposite link or central 850 fail. As the number 
of dedicated (830 and 840 composite and 850 asynchronous device) 
channels on a DCX 850 is limited to 255 with another 255 for use as 
inter 850 net1«>rk composite channels, the introduction of remote 850s 
more than doubled the effective capacity of the central DCX 850S. 

lhough no attempt was made to upgrade DCX 830s, provision was made for 
re-connecting them to the backup site either via the PSTN or a backup BT 
EPS8 circuit in the case of a link or central 850 failure. Figure 8 
depicts the network after the upgrade. 

The original DCX netw:>rk had been designed for 2400 bps terminal 
operation (the maximum speed of the HP3000 Series III). With the 
incorporation of the IBM Series/1 and the new HP3000s models 44 and 64 
into the network, 9600 bps terminal working became possible. 

Wlile this posed no direct technical problem, CASE had been producing, 
and we had been installing, a 9.6 kbps LSC card for sanetime, and we had 
a buy back agreement for replacement of all 2.4 kbps LSCs, there was 
still the problem of the ENO and the ACK. 
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HP CPUs make use of a propriatory, logically half duplex, asynchronous 
pacing protocol so as not to overflow a terminal's buffer memory. An 
llP3000 transmits 80 characters followed by an ENQ after which it 
suspends transmission until it receives an ACK fran the terminal. An 
HPlOOO transmits an ENQ and waits for an ACK after 40 characters and 
three times at the end of each line (the reasons for the latter are lost 
in pre-history). If a terminal is directly connected to a CPU, the 
delay introduced by sending an ENQ and waiting for an ACK takes only a 
few character times. If one or more slow composite links intervene, it 
can take many character times, thereby reducing the real speed of 
terminal operation by an equivalent amount (eg if a HP3000 driving a VDU 
at 9600 bps has to wait 80 character times, due to canposite link 
transmissions delays, for an ACK after having sent an ENQ the real 
transmission rate will have been reduced to 4800 bps. TI'lere are two 
solutions to this problem. 1hey are: 

- Eluild a special LSC that responds inmediately 
to an ENQ with an ACK 

- Reduce the canposite link delay 

CASE have done both. 

An HP specific LSC with a maximllll speed of 4800 bps is available which 
watches for an ENQ and replies inmediately with an ACK Jf a threshold of 
5 outstanding ENQs has not been reached. 1he ENQ is translated into 
a DCX control code and passed to the other end where the terminal LSC 
transmits an ENQ to the terminal and suspends output until it receives 
an ACK. 1he ACK is then translated into a DCX control code and returned 
to the other end, so as to reduce the nllllber of outstanding ENQs by one. 
1here is thus no transmission delay introduced by the composite link 
delay. 

DCX ARQs operate by sending up to 128 byte packets over a composite link 
as a single cl1111k. If a relatively slow speed (4.8 kbps) line is used, 
it will take 360 mili seconds to traverse the composite link if the 
packets are full; (one half packet time until the next packet starts to 
be assembled and one packet time till the end of the packet containing 
the character arrives at the other end and is confirmed as correct. If 
the packets are not full the time is reduced, though on a slow composite 
link (4.8 kbps) packets will tend to be full (a single terminal 
operating at 2400 bps will alone fill half a packet) and errors 
requiring packet re-transmission will lengthen the time. By the sane 
token if a high speed (eg 80 kbps) composite link is used, the time 
taken to transmit a full packet reduces to 12 mill seconds and as the 
majority of packets are less than half full this reduces to 6 mili 
seconds which is only a six character delay at 9600 bps. 
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1hus a decision was reached that when slow (less than 15 kbps) composite 
links were in use (small, distant remote sites), HP specific LSCs 
running at 4800 bps w:iuld be used and where faster (more than 15 kbps) 
canposite links could be justified (all local sites at 19.2 kbs or 
larger local and remote sites that could justify a BT "kilostream" 
circuit) normal LSCs running at 9600 bps and achieving a real transfer 
rate in excess of 7200 bps w:iuld be installed. These upgrades have been 
scheduled for the third quarter of 1983. 

With the continued growth of the netw:irk (700 terminals projected by 
1984) it is reaching the point at which manual surveillance and control 
procedures w:iuld become overwhelmed. To avoid this, plans are in hand 
to install a BRITOIL designed central network control centre late in 
1983. Its detailed design is currently in hand. 

10 The Future 

In 1985 and 1987 BRITOIL is scheduled to occupy tWJ new custom built 
office buildings in Aberdeen and Glasgow respectively. Between them, 
they will hold the majority of BRITOIL staff. OJr IJCX terminal netWJrk 
has served us well in the past and will continue to do so up until 
occupancy of the new buildings, but it WJuld be naive to believe that it 
will suffice for ever. The new buildings give us the opportunity of 
exploit.ing Local Area Netw:irk (LAN) technology to simplify terminal (and 
word processor) cabling, increase transmission rates and improve 
reliability, it WJuld be criminal of us to ignore the opportunity. 
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'Interprocess Conmunication in a Network Ellvironment' 

by 

Nick Bates and Gary Wolstenholme (Hewlett-Packard UK Ltd) 

A) INTRODUCTION 

Since the introduction of the HP3000 Distributed Systems Product, DS/ 
3000, in 1977, many customers have implemented business systems involving 
application programs executing on one computer system which require ac­
cess to data structures held on others. 

MPE, together with its data management and data comunication subsystems, 
provides many (arguably too many) software facilities by which applica­
tion designers and programmers can implement systems which require 
'remote data access'. 

One possibility allows local application programs the ability to direct­
ly access remote files using Remote File Access (RFA) or Remote Data Base 
Access (RDBA). 

Alternative software facilities exist to allow inter-process communica­
tion. This enables conversations to take place between local and remote 
applications programs using Program-to-Program Cormlunication (PTOPC) or 
the Interprocess Cormlunication (!PC) 'message files' provided by the MPE 
File System. 

The current DS/3000 product supports each of the above facilities 
between physically connected nodes in a point-to-point DS network, using 
switched/leased/hardwired connections, and between logically connected 
nodes in a true data communications network, for example, an X.25 Public 
Data Network. 

Given, a straightforward 2-node arrangement, 'remote data access' is 
functionally simple to achieve using any of the above techniques. 
However, when an application designer/programmer is presented with a com­
plex topology of HP3000 computer systems, the mechanism of providing 
generalised 'remote data access' is by no means obvious. This situation 
is further compounded by the fact that, typically, given the same prob­
lem, no two designers/programmers would arrive at the same solution. 

Whichever techniques are chosen to facilitate remote data access, the 
ultimate design should be applicable to networks, no matter how simple or 
complex, and should be characterised by (in no particular order of 
importance) 

- Ease of developnent and testing 
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- Minimal use of system table resources 

- Acceptable performance and ease of monitoring same 

- Minimal disruption in the event of a conmunication failure with as­
sociated ease of recovery 

- Ease of operator control in tenns of startup, shutdown and 
intervention. 

- Resilience to change in network topology 

This paper is concerned with evaluating the advantages and drawbacks of 
using the various basic tools in developing interprocess conmunications 
and suggests a skeleton design for a software layer to form the basis of 
a generalised 'message transfer facility• which may be used by applica­
tions to perform •remote data access•. 

B) THE ALTERNATIVES. 

The alternative basic tools available to implement a network on 
HP3000s can be divided into two major groups. 

(a) Virtual Terminal. 

The simplist technique available to access data on a remote HP3000 is 
to use the Virtual Terminal facility within DS/3000. The user issues a 
DSLINE cODJDand to gain access to the c01DDunications line and then 'logs 
on' to the remote HP3000 as if he is 'hardwired'. The security for the 
session running on the remote machine is established in the normal manner 
using the remote logon id, The user now has access to the remote system 
and can 'flip-flop' between the local and remote machine. The full set of 
conmands and subsystems are available to the user both locally and 
remotely, however in this mode only one program can be run on the users 
behalf at any given point in time. 

(b) Remote Data Access. 

An extension to the virtual terminal approach outlined above, is for 
a program at one end of the communication link to directly access a data 
file or data base residing on the other HP3000. There are various meth­
ods of implementing this type of remote data access approach to an HP3000 
network. 

(1) Remote File /Data Base Access (RFA/RDBA) 

Once a user has established a remote session, he can access files and 
data bases by using the DEV: parameter of the HPE FILE cOllllland. This 
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facility requires no special progranming, as DS/3000 handles all the com­
munications to access the remote data. 1be program is written without 
necessarilly considering the location of a particular file 

(2) Program To Program Conmunication. 

A local program can initiate a 'slave' program on a remote HP3000 once a 
remote session has been established. This is achieved using a set of 
Intrinsic calls which will also facilitate the transfer of data and 
parameters between the two processes. 1be nonnal operatition of such a 
system.is for the master to transmit a message to the slave containing 
data and/or parameters. 1be slave program then performs the requested 
function and returns data and/or parameters back to the master program. 
Only one of the master/slave processes is active at any one time. Both 
the master and slave programs are relatively easy to code but care must 
be taken with the logic of such a system. 

(3) Inter Process Comnunication or Message Files. 

IPC files offer a facility for one or more users to send a message via 
the file system to another user, without the family tree contraints of 
the MAIL Intrinsics. IPC files can be used as an alternative method to 
PTOPC in a network environment, offering the same functions as PTOPC but 
removing the constraint of only one process being executable at any given 
time. Once a write to an !PC/Message file has been completed, the pro­
cess issueing the write can continue execution without awaiting a 
response. 

C) DESIGN CONSIDERATIONS. 

1bere are several factors which need cosideration when deciding upon a 
method of implementing a network on HP3000s and we should consider the 
pros and cons of the different basic tools available to us. 

a) Virtual Terminal 

This method offers a solution that is both easy to develop and simple to 
test, as the remote program is written as if it is being used by local 
users. The main limitation of this technique is an operational one, in 
that it requires the user to exit the local program and then run the 
remote program to access the required data. Once the data has been ob­
tained, the user must then exit the remote program and rerun the local 
one. 1bis is also poor from performance considerations. It requires rep­
etative loading and running of both local and remote programs, and also 
uses up system resources. For each user accessing the remote HP3000, 
there is additional Cl and user processes, using up both memory for code 
and data, and also CST,DST,PCB and DRT entries. 1be responsibility for 
recovery from a conununications failure when using this approach, is with 
the individual user. 

b) RFA/RDBA 
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This method again offers ease of develoi::tnant and testing as it can also 
be performed using only the local HP3000. It removes the user interven­
tion requirement of the virtual terminal approach as the program can di­
rectly access the remote data. The two main drawbacks of RFA/RDBA are in 
resource utilisation and performance. Here again each user requires 
remote memory and table entries. The bottleneck of most networks is the 
thoughput of the communications link itself, and to ease this and hence 
improve overall responses, the system designer should minimise the amount 
of traffic on the line for any individual program. The RFA/RDBA approach 
is often very inefficient in its use of the c011JOunications line, as it 
usually requires several reads/writes to a file/data base to obtain the 
requested information.This produces a large amount of unnecessary traffic 
on the line and hence impinges on the performance of the communication 
system as a whole. In the event of a fatlure in the communcations link, 
each RFA/RDBA program must handle its own recovery. 

c) PTOPC 

A program to program c0111Dunications technique can make more efficient 
usage of the communications link, as logic can be written into the 
master/slave programs to transmit only tpat data which is essential to 
the users request. The logic of such a system is more complex, and the 
nature of PTOPC requires two HP3000s to both develop and test a master/ 
slave link. If one master/slave link is used per user, the resource 
utilisation and line recovery problems are simmilar to those in an RFA/ 
RDBA environment. If we choose to try antl use one master/slave pair as a 
transport mechanism for several users we must be aware of the severe per­
formance implications of such a system. The nature of PTOPC restricts us 
to servicing one request at a time. While this request is being serviced 
for one user, all oth~r users requiring to use the transport mechanism 
are waited until the current request has been serviced. If this request 
involves searches down long chains of a data set, the overall response 
from the line is severely degraded. Whilst using PTOPC as a general 
transport mechanism requires less resources on the HP3000, and also means 
that only one process needs to handle line recovery/failure, the perfor­
mance implications normally far outway these advantages. 

d) IPC Files 

IPC files offer all the advantages of a PTOPC approach but have some 
added bonuses. The main difference with using IPC files as a transport 
mechanism for multiple users is that once the control process has written 
it's message to the remote !PC file, it is not waited upon a response. 
In this way several requests can be serviced 'simultaneously', without 
awaiting a response to one service request before transmitting the next. 
Unlike PTOPC, testing and develoi::tnent of an IPC file system can be per­
formed on a single HP3000, by writing to a local IPC file during this 
phase. IPC files offer increased line efficiency over PTOPC in a single 
transport mechanism environment, while offering the advantages of control 
and recoverability of a single process transport mechanism. 
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D) SUGGESTED DESIGN FOR 'GENERALISED MESSAGE TRANSFER' 

a) Tenns of reference 

The flow of data for the suggested deslgn of a generalised 'message 
transfer' facility is illustrated in Fig.1. 

This structure caters for (and is limited tol) the transmission of 
'remote data access' requests from local 'application' processes to 
remote 'server' processes, and the transmission of the replies returned 
to the applications from the remote 'server•. 

In this context, 'applicatton process' implies an interactive or batch 
process, handling transactions input from terminals or files respective­
ly. The term 'server process' implies one whose sole function in life is 
to perform access to locally held data structures, based upon the con­
tents of remotely generated request messages, and to return an appropri­
ate reply message. 

Fig.1 shows the data flow between a local 'application' process (A) and 
a remote 'server' process (S) in a simple 2-node environment. This is 
done for reasons of clarity - the design caters for simultaneous bi­
directional message transfer between multiple 'applications' and multiple 
'servers' potentially on differing remotely connected systems. 

In addition, although handled at the 'application level' rather than the 
'DS subsystem level', this design is applicable to environments where 
'remote data access• needs to take place via an intermediate node (or 
nodes). 

b) Major components 

Clearly, some key players in Fig.1 need identifying before any discus­
sion of data flow can take place. These key players are the controller 
process (CONTROL) and transmitter process (TRANSMIT) on each system. 

CONTROL is responsible for the routing of both incoming and outgoing 
'application' requests and 'server' replies. Thus, each message should 
contain control information about the sender, receiver and the source and 
destination system identifiers. In the suggested design, each system re­
quires one CONTROL process. 

TRANSMIT is responsible for the physical transmission of outgoing 'ap­
plication' requests and 'server' replies across a specific cOlllllunications 
link via DS/3000. In the suggested design, there are two TRANSMIT pro­
cesses for any conmunication link, one on each side of the link. 
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One aspect should be evident from Fig.1. If this structure is to suc­
ceed, the CONTROL process needs to be in oanplete OODJDand of the situa­
tion. Consequently, CONTROL needs to know which •application' •server• 
and 'TRANSMIT' processes are participating in the game, and also requires 
timely infonnation on.coomunioation line errors. Thus, any implementation 
of.this basic design should ensure that all processes 'sign up• to par­
ticipate in the message transfer facility by placing a •request to sign 
up• in the input message file, MSG, used by the CONTROL process. Simili­
larly, orderly termination of processes is desirable, and all par­
ticipants should •request to sign off' in a similar fashion. CONTROL 
would typically hold tables in his stack reflecting the current state of 
the environment. If each·participant adheres to these conventions, no 
delinquent processes become involved and no process terminations are 
missed. 

All C01DDunication files shown in Fig.1 are Interprocess Coamunication 
(!PC) message files provided by the HPE File System. 

c) Data flow - requests and replies 

Asslllling that all processes in Fig.1 have 'signed up• to the message 
transfer facility and all channels of cailllUnioation via IPC files are 
open and quiescent, we can now examine the data flow of an •application' 
request to the 'server• and the return of the servers reply. 

1) Local application process (A) writes a request to the local conman 
message file, MSG, and posts a read on its private message file, AMSG, to 
wait on the servers reply. 

2) Local CONTROL process reads the request from MSG and perfonns some 
basic parameter checking on its content. For example, does the destina­
tion system identifier appear in its tables as one to which a local 
TRANSMIT process has a current access pahh. 

3) Local CONTROL process having verified the request parameters (as far 
as is possible at this stage) writes the request to the appropriate OUT­
PUT file for transmission. 

4) Local TRANSMIT process reads the request from OUTPUT and writes it to 
the remote INPUT file using RFA in step 5, 

6) Remote CONTROL process reads the request from INPUT and performs 
basic parameter checking. For example, does the required server process 
appear in its tables as one which is currently active. 

7) Remote CONTROL process having further verified the request parameters 
writes the request to the private message file, SMSG, of the •server' 
process (S). 

8) Remote server process (S) reads the request from SMSG. 
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9) Remote server process (S) performs whatever accessing of remote data 
structures is required by the request (at last!) and formats its reply. 

10) Remote server process (S) writes its reply to the remote common mes­
sage file (MSG) and posts a read on its private message file, AMSG, to 
await the next request. 

11) Remote CONTROL process reads the reply from MSG 

12) Remote CONTROL process writes the reply to th~ appropriate remote 
OUTPUT file. 

13) Remote TRANSMIT process reads the reply from the remote OUTPUT file 
and writes it to the local INPUT file using RFA in step 14. 

15) Local CONTROL process reads the reply from the local INPUT file 

16) Local CONTROL process writes the reply to the private message file, 
AMSG, of the originating application process (A). 

17) Local application process (A) reads the reply from AMSG and continues 
execution. 

d) Benefits of a generalised 'message transfer system' 

Clearly, the implementation of the above design requires a significant 
amount of foresight and progranming effort to turn concept into reality. 
At first glance this does not appear such an attractive proposition, 
especially since alternatives such as direct Remote Database Access calls 
are functionally simple to code into individual programs. 

However, anyone contemplating implementing a network of HP3000 systems 
requiring 'remote data access• in transactions, would be well advised (by 
those qualified through the school of hard knocks) to seriously investi­
gate the above skeleton design. Carefully implemented, the end result 
should more than justify the initial investment. 

Let us examine the salient aspects of this design from the standpoints 
and criteria outlined in the Introduction. 

•) Ease of develoixnent and testing 

Applications programmers should concentrate on data access and data pro­
cessing! The generalised structure above isolates the application pro­
gramuer from DS/ 3000 entirely. Notably, the only program involved in DS/ 
3000 remote logons, logoffs and RFA is the TRANSMIT program. Consequent­
ly, this is the only one required to interpret and handle exceptional 
error conditions returned by DS. 

The 'message file' characteristic of an IPC file is a function of the 
manner in which the file is built, and not of the code which accesses it 
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(for simple reads and writes). Whilst it is true that language canpilers 
such as COBOL and FORTRAN (and pseudo-compilers such as.TRANSACT) gener­
ate code which calls the MPE file system intrinsics based upon language 
statements, it is re00111Dended that applications progrmmiers are provided 
with a series of high-level procedures. 'lhese would most likely be writ­
ten in SPL and able to perfonn any extended use of •message files' which 
may be required such as timed-reads, nowait I/O etc. 

One advantage of the above design is that applications can be tested out 
on a single system by merely having the TRANSMIT process write to a local 
file instead of a remote one. This, incidentally is the basic disad­
vantage of PTOPC, which requires 2 systems to perform testing of a 
master/slave pair (preferably located in the same rooml). 

The above design only involves one mandatory use of an HP3000 special 
capability. This occurs within the CONTROL program whose quiescent state 
is to be suspended awaiting the arrival of an input message in either the 
MSG file or any of the INPUT files. This is accanplished by having CON­
TROL open the MSG and INPUT files as nowait I/O files for read access. 
Thus CONTROL would post FREADs against each of its input files and wait 
on an IOWAIT(O). This construct awakes CONTROL whenever an input message 
arrives in one of his input files, and identifies the file concerned. 

I) Minimal use of system table resources 

It is one thing for a single application program to perform its own di­
rect remote file accessing using RFA/RDBA, and another for a whole raft 
of these programs to simultaneously perfonn such functions. Contrary to 
popular opinion, any given HP3000 configuration does have a finite 
limitation on the n11Dber of remote sessions which can be simultaneously 
handled, as a result of the limitation on the nunber of IODSTRMO devices 
which may be configured. 

The above design requires only only 2 remote sessions to be initiated 
for any given c0111111unication link (one on each side of the link). 

The designer should be aware, in this design as in any other, of the 
resource consunption of his software. Limitations still exist on, for 
example, the number of files which a single process may simultaneously 
have open, and on the nl.lllber of available data segments (DSTs) which may 
be used for MPE file buffering. 

•) Acceptable performance and ease of monitoring 

Perceived response times of transactions which access remote canputers 
are largely limited by the line speed and contention for the line. 'lhe 
latter is largely determined by the n1111ber of logical accesses to a line 
by simultaneous application programs. Using the above design an 'applica­
tion' request may say 'chain through a remote orders detail data set and 
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return sales figures for a specific product'. Using the generalised 'mes­
sage transfer facility' this would involve two logical accesses to the 
line, one for the request and one for the reply. Using individual Remote 
Database Access calls this would require an indeterminate number of logi­
cal acesses using remote DBGET calls, with the corresponding impact on 
the elapsed time for the transaction, and performance in general. 

1be generalised 'message transfer facility•, at first glance, appears to 
involve an inordinate number of IPC files (disc files). In reality, it is 
likely that a number of interprocess cOODJunications would merely involve 
memory-to-memory transfers, from the writers stack, through the file sys­
tem buffers, to the readers stack. 1bis would be the case if the CONTROL 
process was to run at a high enough priority to enable its reading of the 
MSG file to keep pace at which the various 'application' and 'server' 
processes perform writes to same. 

Performance monitoring of the system CPU, memory and disc I/O resources 
consumed by a process (or processes) ls easily achieved by the existing 
HP3000 Performance Tools (OPT and MPEDCP). 1bese programs, do not, unfor­
tunately, volunteer information on the utilisation of a cOODJunication 
line on a program-by-program basis. 1be design of the generalised 'mes­
sage transfer facility' was done with this in mind. All data transfers, 
from application to server processes, and vice versa, necessarily involve 
the CONTROL process which is therefore in a position to monitor and 
volunteer information on message traffic by individual participants. 

•) Minimal disruption in the event of a c011111unication failure, and ease 
of recovery 

In the event of a line failure on any given colllllunications line, only 
two processes suffer in this structure (the TRANSMIT processes). Since 
the generalised 'message transfer facility' design dissociates 'applica­
tion' and 'server' processes from the data c011111unication aspects, all 
transaction messages are buffered in the OUTPUT files relating to the 
conrnunication links. 1bese transactions could be routed to their destina­
tion processes, on restarting the TRANSMIT processes. 

•) Ease of operator control in terms of startup, shutdown and 
intervention 

1be HP3000 Console Operator commands =LOGOFF and =SHUTDOWN do not pro­
vide the orderly termination procedures required to ensure logcal consis­
tency of application databases and programs, required in a distributed 
data processing environment. Implementation of the above design should 
provide the ability for a central operator to indicate imminent system 
shutdown to the processes participating in the message transfer enviro­
nent. 1bis would be most sensibly performed by providing a direct inter­
face for an operator program to the MSG file, thus keeping the CONTROL 
process informed of this and other major system events. 

•) Resilience to change in network topology 
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The addition of a new node into an X.25 network would necessitate little 
change to application programs, however their 'remote data access' is 
performed. 'Ihe majority of HP3000 nodes in a DS environment are connected 
in a point-to-point fashion and the introduction of an additional node 
can have a significant effect on the manner in which 'remote data access' 
is performed. For example, 

Yesterday (node A)-----------~-----~(node B) 

Today (node A)------(node C)------(node B) 

Anybody for leapfrog? 

Whilst it is possible that future implementations of DS/3000 may provide 
pass-through and nodal addressing (in a similar manner to DS/1000) the 
current product does not permit direct access to data structures on any­
thing other than a physically connected system in a point-to-point con­
figuration. Consequently, re-routing of messages needs to be handled at 
the 'application level'. In the case of the generalised 'message transfer 
facility' this could be performed by the CONTROL process. Such re-routing 
would require information about the network configuration to be resident 
on each system. 

E) SUMMARY ----------

We have oulined the facilities available to the systems designer when 
choosing a technique for a conrnunications network and suggested a design 
for a generalised message transfer system. '!his design offers 

- Ease of develoµnent and testing 

- Minimal use of system table resources 

- Acceptable performance and ease of monitoring same 

- Minimal disruption in the event of a conmunication failure with as­
sociated ease of recovery 

- Ease of operator control in terms of startup, shutdown and 
intervention. 

- Resilience to change in network topology 

by utilising the software currently available on the HP3000. 

'!his destgn has not been implemented onto a HP3000 network and we would 
strongly suggest that anyone contemplating such a network should seek 
competent advice before embarking on implementation. 
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The standards situation 

Anticipating OSI 
by 

Bjl'rn Vermo 
Fjerndata, Norway 

Anybody working in EDP the last years will have heard how much simpler 
everything will be when all equipment and software works according to OSI 
specifications. Then all computers, terminals and software from all ven­
dors will work together in perfect harmony, and everybody will be happy. 
Alas, we have still quite a way to go! The framework can be found in 
ISO/DIS 7498, a document of some 100 pages describing the basic philosophy 
of Open Systems Interconnection. When it comes to the actual details, 
however, the necessary amount of detail is considerably greater. Also, the 
fact that these standards must be made and agreed by international commit­
tees do not exactly hasten things along. Still, much progress has been 
made, and today the standards up through the transport layer are suf f i­
ci ent ly refined for manufacturers to release implementations. The interest 
in Local Area Networks is helping this process along. 

The development of user needs 

When the first interactive applications arrived, users were happy with a 
crummy terminal which could access one application on one computer. True, 
they would grumble a bit about features of the application and details in 
the terminal dialogue, but by and large they found on-line applications to 
be so much more productive than batch processing that the interest of 
everybody was focussed on that. As soon as the second application was on 
the air, however, most organizations discovered that there were people who 
wanted access to "unrelated" applications from the same terminal. Not all 
computers were set up to handle this. Minicomputer users usually managed 
quite well, but many applications running on the larger mainframes were 
incredibly inflexible. 
Of course, the next user demand was to use the same terminal to access 
different computers from different manufacturers - preferably at high 
speed and with short response times. Very slowly multiprotocol terminals, 
black-box protocol converters and emulator software appeared. The problem 
for the poor user is that these solutions usually are anything but easy to 
use. 
Mainframe software has also improved so that it is possible to switch from 
one application to another. However, anybody who has had occation to use 
INS, TSO and VM/CMS from the same 3270-type terminal will deny that it is 
easy to switch, given the number of different panels you have to go 
through. 
User needs are, however, increasing at a faster pace than solutions. 
Electronic mail is useful, but only if you can communicate with all the 
people you usually need to reach. So how does the Singapore office send 
messages to the Rio office? Probably by telex, because it is already 
there. 
In most organizations, somebody will need information from one of the many 
data banks which have been established. These are usually connected to 
public packet-switched networks, and expect the user to log on from an 
asyncroneous terminal connected to a X.28 PAD. Nice and standardized, is 
it not? So how many users are actually accessing their ordinary day to day 
applications in this way? Even if they use an asyncroneous terminal and 
you supply a modem switch, how many know how to change the speed and maybe 
parity settings? And even if they know how to, they have to log off from 
their ordinary system, switch modems, call the PAD, log on to the network, 
log on to the data bank system and in some cases even to the application 
they want to use there. Hardly what I would call easy and efficient. 
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What happens in real life, is that a dedicated terminal is installed. And 
the users who only need this kind of information now and then have to ask 
somebody else to access it for them, since it is not cost-efficient to 
provide them with terminals of their own. 

What we will get - sometime 

When, someday, all software <maybe) has been 
recycled according to OSI specHications, 
everything will communicate efficiently with 
everything else. Peer-level protocols will 
ensure that maximum use is made of the 
capabilities of the communicating entities so 
as to make life as pleasant as possible for 
the usP.r. Knowing something about software 
development, I suspect that this blissful 
situation may yet be a little while into the 
future. Most existing systems are quite 
"closed", and as long as even the basic stan­
dards are unfinished there is no reason to 
expect any rush of hardware, firmware or 
software. The development in the lower 
layers of the model has been encouraging, but 
pure communication has not been as deeply in­
tegrated into applications as file handling 
and formatting or display control has. 
Hence, presentation and application layer im­
plementations will come more slowly than X.21 
and X.25 did. Protocol conversion in the form 
of "layer 6 gateways" will be with us for a 
long time to come. 

What we can provide 

Since Fjerndata is a major 1811 service bureau 
with hundreds of batch terminals and a large 
and rapidly increasing network of IBM 
3270-type terminals, our main interest in 
mang "openings" between closed systems has 
been in order to provide access to IBM-bound 
applications from non-IBM computers and 
terminals. 

OSI 

"Application" 

"Presentationi• 

·-

"Session" 

"Transport" 

"Ne.~work" __j 
"Link" 

Statua: 

1884. ? 

1883 ? 

Draft 

OK 

OK 

OK 

OK 

HP3000 has proven to be more suitable for this purpose than other com­
puters we have been working with, and has been the target for our major 
effort. This is VTS/UIAS, which started out as a way to provide IBM 
3270-access from asyncroneous terminals operating in character mode. As 
new features were added, it developed into a more powerful system with 
capabilities not found in IBM terminals. The most important of these is 
the provision for automatic dialogues, making it possible to automate 
routine operations like signing on or off, copying screen images to local 
files ~nd vice versa. These capabilities soon encouraged experimentation, 
and it proved possible to make a primitive gateway between HPMAIL and our 
181-1-based message switching system. This has in its turn caused improve­
ments in the auto dialogue language to make it more flexible. Other fea­
tures, such as the capability to run several applications at the same 
time, increase the usefulness of this software. A user can connect to all 
of his applications just by executing a UDC, and can switch from one to 
the other by the push of a function key. The applications can be on dif­
ferent computers, both HP, IBM and IBM look-alike. Presently, only HP ter­
minals are supported, and since presentation level protocols are not stan­
da rdlzed our software is of necessity not "open" in the OSI-meaning. 
However, we have done things in such a way that when the standards are 
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approved it will be fairly straightforward accomodate them. The structure 
is already defined in ISO 7498, and it is possible to know a lot about 
what is going to happen from the working documents. 
We believe we have a good starting point for further development, and hope 
to provide ~ore extensive virtual terminal services in the future. Access 
to HP from IBM is one interesting possibility, use ol non-HP terminals in 
applications requiring format mode another, and networking with personal 
computers is definitely interesting. 

llllf>ortant do's and don't's 

Even if your software is not communications oriented, it may be wise to 
prepare for a future of open systems. The lack of capacity to make systems 
even though they are obviously profitable will be even more of a problem 
in the future, user-tools nonwithstanding, and there is a high risk that 
systems will be used longer and for more things than the original design­
ers intended. Therefore, it is wise to make everything as open-ended as 
possible. The first thing you must do in order to anticipate OSI in your 
current software developments, is to stick to current standards as far as 
possible. To do this, you.must know what the standards are. Failing that, 
you end up like HP, IBM or many others, by making something that is almost 
standard or commonly used - meaning it will not work together with any­
thing else unless the sun is shining and north-easterly winds prevail. 
In order to know the standards, it is useful to subscribe to them from 
your own national standards organization, which will sell subscriptions to 
international standards in the area of your interest. It is also a good 
move to find out the intentions behind the standards. If not, it is very 
easy to misinterprete things. Look at HP display terminals. In a seeming­
ly very intelligent move, they have made terminals fairly international by 
implementing the "extended roman" character set. There is a little catch. 
The way it is implemented, it can only work in one language at a time. By 
reading the definition of the ISO 7-bit character set with 8-bit exten­
sions first, all problems would have been avoided. 
It is easy to find other examples. Both communications and international 
use is particularly unforgiving of sloppy system specHication and 
implement at ion. 

Probably, most system designers will feel like forgetting the whole thing 
after reading OSI and a couple of ISO working documents. Take courage! In 
all probability, most of the possibilities will not be of any concern for 
your application. The important thing is to make a well-structured system, 
modularized according to the OSI 7-layer model. l>o not worry too much 
about the fact that the system software you interface into does not have a 
service interface anything like what is specified. The important thing is 
to separate different functions and gather similar functions so that it 
will be easy to modify and adapt later on. Write application layer soft­
ware pretending that everything from present at ion and down is .available 
and functioning. Then you write an interface to provide the actual inter­
face to the system. l>o not specify your display format inside the ap­
pl.ication - provide for some variation. Remember that constants do not ex­
ist in reality - use a parameter file instead. The same goes for error 
messages. Even if you are sure that your software will never be used in 
another country or by any kind of minority group, it is still much easier 
to maintain a message file. And surely everybody realize thaheadings 
and such are obviously data and thus have no business being on a program 
file? The partition between layer 6 - presentation - and layer 7 - ap­
plication - is useful even when you operate inside a single system. 
Actually, the whole OSI-model is good design even if you want to make a 
closed system which is not supposed to communicate with anything. The 
separation of different functions will make everything easier to maintain 
and much mor1 •ice-independent. 
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Senefits 

If your applications are made with a standardized interface, it wit l be 
easy to run them interactively from other programs. In the near future, it 
will be possible to make systems where each statement will execute an ap­
plication. With ever more powerful computers, this will be one way of 
bringing that power to the user workstation. It may be the only way to 
shorten the development cycle sufficiently in many cases, even though "au­
tomatic programming" and user-definable systems will probably improve and 
be more important. 

What the user will get 

As we steadily m9ve towards our goal of open systems and the computer net­
works spread out across the world, our user will get the opportunity to be 
much more productive. Running a spreadsheet on his desktop micro, he will 
gather data from many different computers without ever knowing about it, 
and with the system quietly checking in the background that norhing il­
legal is taking place. Exchange rates and international trade figures 
will be available - in a format suitable for t~e application at hand, and 
messages will arrive from around the world. Should it be necessary to 
travel somewhere, the system will know where to get flight information. 
It will even handle the booking. And - it will even be possible to get an 
answer out of the corporate UIS database on the IBM! 
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THE STATE OF AFFAIRS WITH HEWLETT PACKARD'S X.25 PRODUCT OFFERIN& 

Just as X.25 networks have continued to proliferate and gain a great~r 
if.1portance in international data COl'll'lunic:ation!>, so has HP'i;, prolluLt 
offering. This paper will exaMine the eMerging role of X.25 in HP's 
networking strategy by presenting an overview of X.2~ tec:hnoloyy, 
reviewing the current state of worldwide X.25 networks and services, 
reviewing the cur·rent HP product offering, and outlini11g tl1e near· 
terl'I strategy for X.25 enhanceMents. 

OVERVIEW OF X.25 TECHNOLOGY 

Packet Switched Networks <PSNs> are a sub!>et of the la1·gtc·r y1·ou~1 k11ow11 
as "Public Data Networks". Wh·at they have in coMMon is a par tic1iJ . .;r· 
technique for· transM1tting data f1·0M 011e slatiou to a110-d1e1. l:u'.:.loM1.i 
interest in packet-switching networks is due to the siynif1cdnt us~r 

benefits; proMised by widespread availability of tlie'.:.t? nt.·twor h.. l11e 
three Most il'lportant benefits are: 

1. lower data COMl'lunications co!>ts 
2. increased network reliability 
3. and a well-defined data COMMunicalio11s !>·la11dd1ti. 
4. siMultaneou~; connection to Multiple sys1e11,,. 

PSNs offer an alternative and potentially lower cost slruLtu1·e for 
data col'IMunications because they charge the user a flat Monthly cun­
nectior1 fee plus increMental charges based p1·iMa1·ily 011 tlie 11olt1Mf.-.• 11t 
data the user trarH>Mils H1rough the network. Char11es are not str·onyly 
dependent on connect ti11e 01· the difi°la11ce btttwtte11 c.uM11u11iLa 1 i11q 
systeMs, as is true for non-packet networks today. <On Most PSNs, 
the charges depe11d exclusively on data voluMttl a ft1w netwo1 k<, h.:..11;, a 
noMinal connect and/or zone chdrge.> The telephone systeM, for 
instance, charges cu!>toMer·s a flat rate for a lea'.,e tt.. .. ltt11ho111• li1H.·, 
or a (tiMe) X (distance> rate fur dial-up circuit regardless of the 
aMuunt of inforMation the usel' actually t1·anst11ts across tlH,· li11e. 
This Means that if you use the telephone links to connect two coMpu­
ters you pay the saMe rate whether 01· nut you actually snnd a11y d"''''· 
With packet switching you pay priMarily for what you send. 

SIZE 
OF 

HES SAGE 

FREQUENCY OF COMMUNICATIONS 
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To understand how packet-switching networks can charge less Money to 
provide the saMe data tr·ansport ser11ic;es as existi119 publiL ni.twor·ks 
(e.g.> the telephone coMpanies or PTTs>, requires a bit of insight 
into how the PSNs operate. 

The first iMportant thing to understand h. tl1at all i11for·Matio11 pa!i.!>­
inq over ~ PSN Most be broken up in1o fixed-length "packets" (hence 
the naMe of the networks>. Since this packeti1in9 fonLtion is not a 
user-level the length of these packets is uni11portant to this discuss­
ion and tt•Y in fact 11ar11 frot1 network to network. Even tl1ou9l1 tlie 
user May wish to send large contiguous blocks of data, it is iMportant 
to realize that in order to be efficiently tra11sµo1·ted acros.s tl1£~ 
network, these large blocks Must be broken down into SMaller chunks -
packets - by the data COMMunil:ations software in tl1e sy!i.tio·M. Tldi:. 
packetilin9 requirel'ltmt is due to the fundaMental difference between 
PSNs and other types of networks. 

In today's public networks, a user 'Mortopolill~•" a pliysiLal c.ornH!Ltlo11 
between source and destination. This is a cause for toll charges 
being keyed to circuit usage rather· tha11 data q11a11ti·ty. fo1· exaM11h:, 
in a leased circuit, only the users at each end of the link haYe 
access to the cil'cuit. Si11ilarily, i11 a dial-uµ c.011net.tio11, 011c.t' tl11:: 
conn~ctiun is Made, only the two connected pal'ties can use the physi­
cal wires connecting thel'I. In these c.a!i.e!> the parties i111111l11eu Mo~.l 
pay for the entire cost of the their physical circuit for the dura­
tion of their exclusive use. In PSNs, no one us.er has re!i.tricted 
access to any physical assets of the network. ~y not assigning 
physical assets tu users, tlie networ·k c.an Moltiµlt:~ Many u1,e1·s' 
packets over the saMe wires and since the actiYe path is coMposed of 
Multiple short segMents a single packet never 01 .. c.upil's tlie io•11tir·e 
length of the circuit froM source to destination. lhe network can 
even go as far as to send pac.kets aver· Multiple phy~,ic.al cir·c.uits a·" 
it atteMpts to MaxiMize the use of its transMission facilities. This 
shared use of faLilities is the bash. fur tl1e poH.·ntial c.ust reti11ct .... 
ions fur any indi11idual user. 

COST: SHARING LINE BANDWIDTH 
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The second benefit of packet switching networks, increased network 
reliability, is a result of the the built-in reciundanc:.11 pr·ovidl!d by 
the basic network structure. 

RELIABILITY: ALTERNATE PATHS 

Note that this redundancy is done internal to the packet-swj tthing 
network and is uniMportant to the ui:.er·, just as tc:.·lto·pho11e C.OMIJiU•Y 
switching algorithMs are uniMportant to users as long as the calls 
are successfully coMpleted. Different networ·ks will u111Joul.1t*'·dly JH:~r·-­
forM this function using a variety of alternatives. 

Typical PSNs are Made up of Data Circuit-terMinating EquipMen1 <DCf> 
nodes which are the ports into the network and provide the user inter­
face, plus internal switc.hing nodes that route pac:ktc .. t& a1·011nd tloe rttJ1-
work. The highspeed connecting links internal to the network can be 
of any type including telephone systeM facilitie!:., Mic:r·owaH' c.t1a11ru.:h., 
and satellite links. 

As the figure illustrates, Multiple ptry1:.ical path~. exi!:.t be1wee11 a11y 
particular pair of nodes in the network. The networks are able to 
recover froM the failure of an internal node 01· c.ot1Munic.at io11 linl< 
without disrupting end-to-end coMMunication .betweEm users. They 
transparently re-route packets onto a link or· tltrough a n11dl~ wide.tr i!, 
still functioning. Sot1e very sophisticated networks even distribute 
internal data flows froM heavily utilized linl<s. tu u11der·utili2eti 
links to perMit t1axiMUM use of the network facilities, This capa­
bility is called "load leveling", In any event, users benefit f1·0M 
this network redundancy because it provides a higher availability 
level for their cot1Munications service. 
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The third Major benefit froM packet-switching networks is that it is 
a standard <recoMMendation) de11eloped by coMM011 c.arrh-·r·s. wl10 pr·o11i1.ll·· 
transMission ser11ices. This standard is soMething that all coMputer 
11endor5 will ha11e tu support in their· equipMent i11 ordPr· 1u u1:.e tl1e 
tran5Mission ser11ices of the networks. In any en11irunMent where 
11endor5 all confurM to a coMMon standard, u1:.ers will find it EASlLR 
(but nut autoMaticl to connect systeMs froM Multiple vendors together. 
To understand how this will Make things easier fur use1·s we have to 
see how X.25 fits in with the broader standard under discussion. 

OSI X.25 

7 
6 
5 ? • 
4 
3 3 
2 2 

1 

As show11 above, X.23 is actually only a portion of a coMpJete layl~red 

COMMUniLations arthitectur·e. The o.,e11 SysteMS I11tt.o·1·c.01into•L1iun (lJSJ) 
standard is an international atteMpt to define an architectural Model 
for data coMMunications. The objec.tive is tu dl'fine a Model to Mil~l· 
data coMMUnicatiuns siMpler and an effective and reliable tool for 
Multi-\lendor business data p1·ocessir19. Both s·1a11da1·ds ar·e c.011c.Eo·1·ru:d 
with COMMUnications between Machines and do not liMit the iMpleMer1-
tation design to any sys1eM, !OO long a!:. tl1e i11t1:e1·f'ac.e p1·u11i1Jt.,d c.011-

forMs to the specifications. The X.25 Model however only specifies 
the interfac.e between a user· 's DTE <Da1a h,r·Minal E.1~uil'Mt.·1.-1 > whit.Ii 
can be a terMinal, coMputer, workstation, or other electronic. de11ice, 
and an X.25 network DCE, whic.h is siM~1ly the phyi,ic.al pur·t i11to tlie 
X.25 network. The OSI Model atteMpts to define the layer~, eYen 
within a systeM, all the way up to tl1e u1:.er. ll1e 1·e!;ul1 is 11ta1 
X.25 has provided only the physical Means for deYices to connect and 
and COMl'IUnicate. <An analogy is wi H1 the tele.,ho11"' inc.iustr·y, 
With Yoice networks, equipl'lent COl'lpatiblity has allowed a user in 
Edinburgh to connect to a user in Tokyo - but if tl1ey du not u1>"' 
<or at least understand> a COMl'lon lan9ua~e, any data they exchange 
will be Meaningless.> While, OSI atteMpts to dE-fine no1 only tl11:• 
connection Means, but also the intelligence to interprete inforMa1iun. 
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The fourth Major benefit of X,25 networks is that froM a single 
Machine with only one physical connection into the network, one 
can siMultaneously coMMunicate with 11ultiple systeMs. The ability 
to co1111unic1tion with ftUltiple Machines over a sinqle line 9reatly 
increases configuration flexibility for lar9e networks. There is 
no longer a requireMent for a separate physical link tu each 
syste11 or a link through an interMediate node. PSNs reduce the 
nu11ber of connections needed to only one per· systeM. Thr·ou9l1 
that one link a systeM can access any other systeM on the network. 
Even More i11pressive is the fact that it is theoretically possi~le 
to have up to 256 si11ultaneous connections via one physical line. 
<The 256 is the nuMber of outstandin9 packet!> tha1 tl1e suftw;u·l.• 
nor11ally allows. User should note that the real nuMber of siMul­
taneous sessions allowed is. dependent on tl1e capac:.i ty that the lin~ 
will support. For instance a 9600 bps line will support a 11axiMUM 
of 1200 characters per second. For 256 siMultaneuus sessions tl1is 
iMplie~ an average of 5 characters per second per session, not a 
very efficient use of the line or the network.> 

CONNECTING USER SYSTEMS 
WITHOUT X. 25 PDN 

11 LINES + 22 CONTROLLERS 

CONNECTING USER SYSTEMS 
WITH X, 25 PDN 

I LINES + I CONTROLLERS 

Since X.25 uses a full-duplex protocol, one user·s can be sendinc;i 
to one systeM while another ui;;er, 011 that one s.ysti:.M b; rec."'ivi111, 
inforMation froM a third syste". This eli11inates soMe of the 
response ti"e probleMs a~sociated BSC type pro1o~ols and alows 
for a 11uch 11ore efficient use of the co"11unication lines. 

To network adMinistrators or •lanners this feature of X.25 networkti 
provides savings fro11 the use of fewer lines between nodes, fewer 
ftodeMs, and fewer systeM data COMMunications controllers <INPs>. 
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PSNs offer these benefits for both systeM-to-systeM and terMinal-to­
systeM COMMUnication. However, 5ince MOSt terMinals are rulatively 
no11-.intelli9ent devices, capable of asynchronous cOMMUnications only, they 
they cannot COMMunicate over PSNs irn the su1e way that i;.y!OH:·Mb c:iu. 
This has lead to the creation of additional standards fo1· the auppor·t 
of terMinals. 

DTE 

HOST 

TERMINAL 

As 5hown above, PSNs ha11e pr·ovided ill facility called a PAil tl1a·1 ai. h, 
as a front-end processor to 1he ne1work port of entry <DCE>. This 
allows users to cunnec.t a!.yru:.hronuu!:. cltar·acter· MOUL· te1·Mirtal!:. tu tht·: 
networ·k, and the11 to a systeM. To handle hH'Minal coMMUnic:ations 
the networks haveo· defined three addi1ional 1:>ta11d.n1h.. X.2Y ci1.•fi11E.'t. 
the protocol used between the host coMputer and the PAD; X.3 defines 
the capabilities that the PAil offer!:>I and X.21:1 c:if.•fi11es the pr·o·iocul 
by which the user terMinal converses with the PAil. When connected 
to the PAil tert1inal1:> ar·e 9e11e1·ally lil'lited to 300 or· 1200 tJ11s. opio·1·a­
tion and character Mode application support only. For Many user& 
this can be a Majur inconvenience froM buth a reaponse tiMe pui111 
of view and lJecause of the lack of access to the More sophisticated 
block Mode applica1ions. 

This brief discussion should give an u11der·standi11q of the c.uncepH. 
associated with PSNs. Now lets Move on to a discussion of the 
netwoorks that are available and !iOMto· tu the 1:>er·11ic:e1;, offm·eu. 
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X.25 NETWORKS AND SERVICES 

Packet-switching networks haYe been operational ioinc.e 1969 with tl1e 
introduction of the ARPAnet designed for the US DupartMent of Defense. 
This network was not a11ailable for general COMMerc.ial use, but was 
used solely by research centers belonging to the Advanced Research 
Projects Agency. Since that tir11:1 both public. a11d private netwur·h. 
have continued to proliferate to a point where X.25 is internationally 
used as a t1eans of tr·ansferring data. A lilitt of countr·h:s with 
operational or planned networks is shown below. Although soMe of 
these countries can only boalitt of experiMental links, several haYc 
Matured to a point of widespread acceptance. 

Operational Pac.ket-switching Netwodn. 

Argentina 
Australia 
Austria 
Bahrain 
Barbados 
flelgiuM 
Ber Mud a 
Canada 
Chile 
DoMinican Republic. 
France 
Gerriany <West> 
Hong Kong 
Israel 
Japan 
Kuwait 
Luxer1borg <1983> 

11e x ic o 
Nether land!i. 
New Zealand 
Philipp inefa 
Qatar 
Saudia Arabia 
Singapor·e 
South Africa 
Su11iet Union 
Spain 
Sweden 
Switzer· lanu 
Taiwan 
United AraL Er1ira1es 
United KingduM 
Uni t l:d St a "I es 

Planned Pac.ket-Swiching Networks 

Brazil 
Den Mark ( 1984 > 
Greece <1983 11ia Euronet) 
Ireland ( 1984 > 

Italy 
I< or ea 
Norway < 1984 > 
Portugal (1983 via Euro11e1 > 

As you can this represents an iMpressiYe list of countries providing 
packet-switching networks a11d the lis.t ii> surely tu grow. Howev~·•-. 
if the networks only provided the ability to transfer data wi1hin 
the geographic boundaries of the country the use of X.2U wuuld be 
se11erely restricted. As we all know one of the Major requireMents 
in data processing is the distribution and dis!:.eMina1iu11 of i11for·M<1-
tion aMong 11arious groups and facilities within an organization. It 
is 11ery likely that these groups and facilities are tu luc.ally no1 
only reMotely frori each other, but also May be located in different 
countries. It is thus iriportant tt1a1 ui;.ers of 011e PSN be al1le tu 
place calls and transMi1 inforriation to users on other PSNs. This 
is accoriplished using gateways between the networks. a& shown below. 
In addition a patial list of interconnections is shown. 
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CONNECTING USER SYSTEMS 
(WITH A PON) 

UNITED 
STATES 

PON 

X.75 GATEWAY 

FRANCE 
PON 

International Pac:ket-swi tc:ldnc;i N4"twor· k Cu111H·L t l 011~" 

A ll G p 
u e c F e L N 0 s 
s 1 a r r· J u e r s w s 
t II n • M a x t t p e w 
r i a II a p e h u a d i 
i u d c n • 11 e IJ i e t u u 
a 11 a e y JI b r a n JI z K s 

-------------------------------------------------------
Austria 83 x • x 83 x 
flelgiuM x • x 83 l( 83 II l( x 
Canada l( l( x l( l( • x l( x 
France x x l( l( x 83 x x l( x l( x 
Ger Many • x x x l( 83 x x x x l( 

Japan l( )( l( l( l( l( l( x l( 

Lu11eMborg l( 83 l( l( 

Nether. x 83 x 03 x l( ll 

Portugal 83 l( l( 

Spain x JI( x • x x 
Sweden ll l( l( )( l( l( 

Swiu. 83 x 83 x x x l( 

UK x l( l( l( ll l( 03 x l( l( x 
us ll JI( • l( JI( • l( l( JI( ll l( 

Rel'lli!Mli!bli!r that this is only a par Hal list of thli! connections 
available. Host PSNs have extensive c; onnec ti ons 1 0 01 hlc,I' rit~two1· k ~:. 
with additional c;onnections pl•nned. 
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So far we haYe only discussed the ability tu conec.t deYices to a 
network i h owe Yer, what one can do or· ha& accE::s!> tu whe11 011 11u· rw t wot k 
is of far r1ore interest to users. In exar1ining this question it 
appears that network resourct~!i. are a 11aried as the networ·k• thet1sl·l111·~,. 
All types of applications are auailable <either network supplied or 
11endor supplied), In particular user haue ace~•• tul 

- Conuersational applicati~ns <interrogation or file updating, 
tir1e sharing, transaction r1anager1ent, inte1·ac.ti11e file acc~L•, 
etc.> 
Data ace es~. with deferred tr·111sr1issio11 

- Ret1ote ~atch processing 
- Interc:onnec.ting cortputers for· file tra1t!>f'f;r 01· r·•:~s1.111·n, 

sharing. 
- Transt1ission of Messages, fac.sir1ile, el•ctronic. t1ail, etc. 

In addition, soMe networks proYide 11ideotex <also known a5 vlewdata) 
support, This service links special videotex ter·r1inals (01· t~lE­

Yision sets) to coMputers so that inforr1ation, stored and updated 
centrally on CoMputers can Le brought s.irtJ>ly a11d c.ht.'iJply din:< 1 ly 
into business and hoMes. ExaMples of network& offerin~ the service 
are PSS in the UK, Tl<ANSPAC i11 Fra11u•, lELE.PAC in Swi1iE:1·l.::111i <191:13>, 
l~ERPAC in Spain <19B4>, DAfANlT 1 in the Netherlands, LUXP~C in 
LuxeMborg (1984>, and Italy. 

Other useful ser111ces provided by sor1e netwurks are: 
- Support for IBM 3270 tE>rMinal c.on11·oll£,·r• (IJAlAl'AC, ·1nli~ll, 

TELENET, DATEX-P> 
- Electronic: Lanking funds tra11sfer·s <Sµain 191:1'1) 
- Tert1inal to tert1inal Message switching <Spain> 
- E.lec:tronic directories <Franc.e> 
- 1e1ete• support <Spain, Netherland~ <1904), LuxeMburg (19841, 

Ireland (1984), UK, Italy, etc,), lele1•x is a CClll 
regulated seruice that provides for co~r1unication between 
terMinals used in the preparatio11 and display of cur1·•-
!0p ondance, and enables c us t oMer s 1 u exchange c: orr·e:ap ontlenc:e 
on an autoMatic t1er1ory-to-t1eMury basis. An additional f~a1u1~ 
is that it •hould haYe interworking capability with existing 
telex networks. 

Now that cot1pletes the section on network statusi let's. nuw tak~ a 
look at HP's product offering. 
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HP'S X.25 PRODUCT OFFERING 

In October 1901, HP introduc.ed the support of X.23 011 the Hf' 3000 
systeMs, This support was coMpletely integrated into the DSN/DS 
software so that the user did not have to be aware of the type of 
connection in use when running DS COMMunications. All DSN/DS 
services - Netwo1·k File Tr·ansfer·, Networ·k File Accc!i.s, Nl!twurk 
lnter-PrograM CoMMunicatiuns <PTOPl, Network Database Access, 
Network TerMinal Access, and Network Periphe1·al Access - c.ould 
be used without any restrictions iMposed be the type of connection. 

In addition, support for the X.29 PAD s1anda1·d was alsu i111rutluu,d, 
This allowed the operation uf asynchronous, character-Mode terMinals 
connected to the HP 3000. These terl'linals could eitl1e1· Le 1.oronEoLtl·d 
via a lease or dial-up line and operated at speeds of either ttO, 
300, ur 1200 bps. 

Thi» introduction perMitted both systeM-tu-systeM aud H-:1·Mi1ti1l-to­
systeM conversations to occur siMultaneously over the saMe X.25 
link. 

Because X.25 support was integrated into DSN/DS, nu Modifil.atiun 01· 
recodin9 of existing DS applications was required. No new hardware 
was required, only the INP. Thus if U!.er·s wished to c.onvL·r·t froM 
lease, dial-up, or hardwired E<SC connections to X.25 conn~ctions, 
a 11 that was required was l'IOdeMs and c orrnec. ti 011!!. to the p iH. kL·t 
swiched network. All existing DSN/DS users on CSS or SSS support 
contracts were autoMatically upgraded with the ~cw X.25 sof1war·e, 
In addition, all new DSN/DS users received the X.25 support with the 
installation of the DSN/DS software. 

In February 1902, X.25 was announced on the HP 1000 coMputer faMily. 
This also provided for· the full us.e of the DSNll>S fac.ilitiEo·s and fo1· 
inter systeM coMMunic.ation between HP 3000's, HP 1000's, and asy11c­
hronous terMinals via an X.25 network. 

BP 3000 

---[] HP 3000 

BP lOOO 

* SYSTEM TO SYSTEM COMMUNICATION VIA DSN/DS 
* CHARACTER HODE TERMINAL SUPPORT 

HP lOOO 

* HP 1000 TO NON-HP SYSTEM COHHUNICATION VIA X.25 STANDARD 
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Since that tiMe, HP has si9nificantly enhanced its X.25 offerin9 witl1 
the followin9 introductions. 

VPLUS PAD SUPPORT 

The lar9est requireMent for X.25 conna.c.tioru;, ii. to c.ontta.i;;t r·eMote 
terMinals to a systeM or to Multiple systeMs. This capability is 
provided by the networks <PAD support) but 91me1·ally restricts; ui:.en. 
to character Mode applications. To provide users better software 
col'lpatibility, HP has enhanced VPLUS a11d cr·eated a new DSN/X,2::.i 
<32191A> product to allow support of VPLUS applic.atiuns via X.25 
networks. 

-·­u-vYPlUS _ .. 

This new product allows geo9raphically dispersed terMinali. tu acc.~•• 
and coMl'lunicate with Multiple HP 3000 systeMs connected to the PSNs 
via the DSN/INP. It uses the X.3, X.28, and X.29 standard• and 
supports transfer rates of up to 1200 bps. All HP char1cter Mode 
applications •re supported on all HP ter·Minals. In addi t io11, 
HP 2622*, 2623*, 26249*, and 2627 terl'lin1ls support VPLUS <version 
9.03.15 or later> applications. 

* These terMinals require ROM updates. to suppor·t VPLUS applii:at io1o~. 
consult your local HP Systel'ls En9ineer to insure that your 
terl'linals have be updated. 
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HP 2J34A Cluster Controller 

In SepteMber 1983, the Hf' 2J34A X.25 Clu!Oter Controller wa• i111ru­
duced. The 2JJ4A siMplifies reMote terMinal connection to coMputers 
via X.25 networks by allowing ~~ tu 16 RS-232-C dPvic.e~ 1o be con­
nected tu the network via one coMonication line, Connection to the 
network is done via standard ModeM 1 .. a•ed line ty~P cunn .. c.1ion 
furnished by the network. Nu special equipMent or facilities are 
required, Terl'linals are connected tu the 2334A 1hr·ouqh the ui;.e of 
a four port RS-232-C interface card. fhis card supports point-tu­
point devices at data rates uµ to 9600 bµs with no ModrM ton1rul. 
Up to fout· of "these cards can be installed in the 2334A gilli11g 
excellent Modularity to the product. 

The intuduction of the 2334A provides users with increased data 
transfer· rates to the network and lowl!I" connec_tio11i;. c.o•ls 
for reMote locations with the need for Multiple terMinals and 
printers, but unable to justify the i11s.1alla1iu11 of a coM~1uh·1·. 

If you reMeMber the earlier discussion of PAD connections, we said 
that for· asynchronous terMinal connec.tiun& U•IOI' w1~r·t: rl,'llllir·fr.cJ tu 
obtain for lhe networks a special service for their terMinals, 
Each Hn·Minal required one physic.al c.111m£•C.tiu11 10 tlw ru.!·twu1·k a11d 
cunnectioo was at either 110, 300, or 1200 bps. 111 addition, 
Most networks and coMputer X.25 software w~re not able to plaL& 
outgoing calls to the PAD and thus printer connections were not 
possible. With the 2334A, sites with l'IUltiph .. tt.r·Miroali:. a11d 
printers require only one cUMMunicatiun line with data transfer 
rates to the network being a1 liiµeeds. uµ tu 19,2110 b11s. Hi9l1E.'r 
tipeeds and lower costs are achieved for seueral terMinals by 
sloaring the cost of one cuMMunication line. A c.oMpar·ison 11f 11H• 
two Means of connecting terMinals to the network is shown below. 

PUllLIC PAD 

low speed connection 
Model'! connection with 
liMited error checking 
no printer support 

HP 23J4A LINK 

high speed connection 
highly reliable X.25 connection 

printer support 

All HP terMinals May be ust~d with the 2334A for· c.h,11·ac.Hc1· Mlle.it~ a~·~li­
cationsJ and obviously the 2J34A is coMpatible with and supports the 
VPLUS enhancettents that allows updated 2622A, 262JA, and 262411 
and all 2627A terMinals to execute VPLUS applications via the X.25 
networks. In addition, the HP 250 coMpu1er i;.y&1t:M c.an b•.• c.or111ach:d 
tu the 2334A an act as a terMinal in chdracter Mode or transfer files 
to the HP 3000 by using the 110-II operatinq systeM of the HP 2~0. 
Finally, non-HP terMinals using the X-ON/X-OFF protocol can be 
connected to the 2334A. However, it i• the u&er• re•ponsibility 
to verify the correct operation of such devices. 

With the 2334A, terMinals can ac.cess to Multiple c.ottputeri:. siMul­
taneously. In addition to coMputer-tu-terMinal connection via the 
2334A, the saMe X.25 interface on the coMputer c.an bP u~ecJ to 
establish coMputer-to-coMputer connections and coMputer-to-terMinal 
connections via the PAD. 
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Listed below are the features and benefits that the 2334A provide:,;. 

FE.ATURE. 

* ReMote connection of terMinals 
UYli'r X.25 PSN. 

*Certification with PSNs 

* Supports Most PSN facilities 

* VPLUS support 

tc Hodulari ty of up to 16 ports 
in groups of 4. 

* Hiyh tt:?l'Minal throuyhpu t 
(16 x 9600 bps) and large 
bufft:?r (32K bytes>. 

* Statistical inforMation on 
traffic auailable for host 
coMputer processing. 

* SyMbolic naMe addressing of 
host col'lpUter. 

* Full col'lpatibility with 
X.J, X.28, X.29 standards. 

* Flow control fl~xibility 
<ENQ/ACK and X-ON/X-OFFJ, 

* Default configuration in ROM. 

* Supports all 1980 CCITT X.3 
paraMeters and additional 
HP proprietary PAD paraMeters. 

* CustoMer defined private user 
groups. 
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DENEFil 

* Low cost COl'IMUnication 
* Multiple CPU access via only 

one line. 
* Network reliability 

* Use on national PSNs with 
possibility of intkrnationcll 
connecti1111. 

* Easier user access tu PSN 

* Transparc,.1 t Ufat.· of HP a11d 
custoMer application progr~M!· 

* 011 site upyr·ade t!l1abl1ng 
addition of MOr~ t~1·Minals 
without r.,;nting of additi1111al 
lines. 

* Excel l.-!11 t re~;pon,;,;! t ll'le wit to 
no char·ac.t.1· luss. wlol:ll all 
device,;; tr.ansMi t ting s1Mul-
1aneuusly. 

* Easier network M.anag2Ment and 
and pla11ri:i111.1. 

* p OS.!io ib l~: i:.11n11•·c. 1 ;j IHI 1" a11 y 
COMpU1ti'I' supporti11g X.2:'.!29. 

* Po1>1>ibl~ Lonr1E:c.1 io11 of w •. d1· 
range of deuices. 

If AutoMa1 ic r•£·c.011f.:ry froM puwpr· 
failurli'. Unatt1mded operation, 

* Powerful coMput~r-to-1erMinal 
ir.terac tio11. 

* R~duc:eti co!io1S. by suppres.~.i11q 
ne~d to use "closed user 
oroup" facility of the PSN. 



HPJOOO 

X.25 NETWORK 

HP 1000 X.25. 

The followiny tab l"' s11MMar·iuH. the C Ul'lftE:l. ti Ult 

~:;ysteM requ.i.reMents fur supi1or t of lhe 2334A. 

OPlRATING HARDWARI:. SDF· l WAR!:. 
CUMPUIER SYS IE::l1 RElilUIRE.D REQUIRED 

HP 3000 HPE-V INP + DSN/X.2S 
HPE-Vli: cables 

HP 1000 RTE-A PSI + DSN/X,2S 
RTE-6/VM cables 

HP 250 TIO-II 

HPtermlnah 
and 

HPprlnten 

HPtennlnah 
and 

HP printers 

pos!>il.dlitt:·s 

APPL lCf\'I HIN 
SUPPORT 

iHl(j 

Charac: ter l'IOdt:~ + 

11ll' 

VPLU!:i application!"' 

Ch.ir.icter· Mode api1li--
ca11u11s 011 l y' 

Ch.ir·ac:ter Mode + file 
transfer tu HP 3000. 

HP too Connected tu HP 2334A as character Mode terMinal. 

Non-HP Vendor supplied X.25/29 hard­
ware and software required. 
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Netwotk Certification 

As you prob1bly know, Most nt;!tworks require produc.t certific.a1ion 
before they can be used on the networks. This product certjfica­
tion can be anything froM the subMittal of a requ£rst for·M s.taHng 
that your product Meets the X.25 standards to extensive test to 
11er·ify that the product conforMs tu the pr·o1oc.ol!i. a11d handler. thE• 
network error routines properly. To satisfy the$e network certi­
fication requirerients HP has develop a tes.t pr·ograri that exer·t.i!i.tJt;. th'1 
systel'I to verify proper operation on each Df the X.2:5 network!i>. lhis 
exercise prograM has been dh.1ributed to trained fi&:ld SEt. a11d tE•1>1 i111;1 
has either started or been cul'lpleted on several networks. As addi­
tional SEs are trained the certification prograri will b~ expand~d 
to More netwo~ks and countries. Shown below is the current status 
of network certification. 

COUNTRY NETWORK HP 3000 Hf' 1 DOU Hf' 233'11\ 

us l1;1lenet Cer· t ififild C11r 1 if' i ed C:er 1 i f'it.cd 
ly,.met Certified Certified c~rtified 

UK PSS C:er·tified C:er t if' i l'·d C:t1r ti f il'U 
Gerl'ltloy Datex-P Certified Certified C:c.-w ti f i ed 
France Transpac. Certified C:er t if i tcd 1.:er ti f h:d 
Canada Datapac Ct;!r t ified Certified *Not C.OM-

patible 
Neth4"rlands DN t Ctu· t Hied Cer·Hfied C:l:!rtified 

Japan DDX Cer· t if' i ed C:er· t if i t<d 
Venus-P C1:1r t Hied In pr11cess 

Etel9iutt DCS Cer·tifif.'d l:£r t if il:·d Clw t if i cd 
Spaio Iberpac In process In prot:es~• In proc:ei;.s 
Singap or·e Telepac. In pr· 01.et.s. 
Australia Austpac In process 
Argentina Anpac ha proc.:e!i.s. 

* Datapac is nDt coMpatible with the 1980 CCilT standard. Expect 
conversion to 1980 standard in riid-1904. At tha1 til'lc wu will 
resubriit 1he 2334A fDr certification. 
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HP'S X.25 STRATEGY 

This sec:tion will briefly outline the ni<ar· t£,r·11 ,;,·1rat1<9y fur- ev1m 
better support of HP syste11s on X.25 network&. Ke~p in 11lnd lh•t 
due to the confidentiality of pr-oduct develop11En1 thi• di•cu•sio11 
will be very general in nature. Also since products are under­
develop11ent or in the investigation sta9e nu d;1H'!.. 011 availal.>ility 
can be given. 

REMOTE COJilJIUNICATIONS 

LOCAL COMMUNICATIONS 

WITHIN ACCROSS 
HP HP 
PRODUCT PRODUCT 
LINES LINES 

HP 
TO 
IBM 

HP 
TO 
NON 
HP 

Di11ensions of HP'• Networkiny Str-ate~y 

If you look a1 HP's general networking strateyy you see that X,25 
networks addr-ess the areas of re11ote connection uf HP •Y•1~11• 10 
olhe1· tlP syste11s and HP syslel'l!i lo workstation,;;. In 11dditiun, X.25 
can be used as a standard for interfacing HP sys1~11• tu non-HP 
s11ste11,;. Now, how is this possible? 

ReMtU'lber X.25 is par·t of a br-oader· standar·d i11H:11ci1:1d t1> siMplify 
the inter-connection of 11ulti-vendor sys1e11s. Since X.25 provides 
a co11Mon protocol for co1111unica1·ionl0 and no 11ur·e, u~.e1•,;. a1·£< r·e4ui1·ed 
to develop additional upper level software in ordwr for unlike 
2ysteMs to underi.tand what i• beini;i paliosl:ci acr·ofas. the c.1111111111h.a1 io11 
line. l'llese proyraMs 11ay need to address the Jata buf'fering, file 
forMat conversions, data for·11at conv1a·sion•, e11ci-1u-end r·ulialrili1y, 
etc. The task cdn range fru" ~iMply developiny cooperating progra11s 
to developing application• of the suphi•tic.ation of DBN/VS. ~ut 
first one needs access to the upper level of the X.25 standard, 

If you look at the HP 1000 J>SN/X.2:; i;,oftware tha1 i,;, exactly wlta1 
has been provided, Users have the option of using 1he DSN/DS 
services to co1111unicate bt<twtten Hf' sys1eM!l. or· d1:114.l,lupiny a11plic.a­
tiun~ that allow the HP 1000 to coM"unicated to another vendors 
syste" <DEC, IBH, etc.> 
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The intention is to provide a siMildr capability on HP 3000s and 
longer terM HP 9000 systeMs. This will Make it easier (no1 auto­
Matic> to connect all HP processors to other vendor's equipMent. 
REMEMBER FOR MEANINGFUL COMMUNICATION, USER LE.Vl:L SERVICES MUSl l<l. 
WRITTEN FOR BOTH MACHINES, such as provraM-to-pro9raM, file tranwfer, 
file acc_ess, 11irtual terMinal, etc. 

This enhanceMent will allow either the connection to other HP systeM& 
using the DSN/DS network services as supplied by H~ or custoMized 
interfaces for use with other systeMs. 

r------, 
USER L_ _____ J 

In addition to u:;ing X.25 as a Means of interfac:ir11J non-HP systeMs, 
the other areas that we feel need to be addr·esscd by our X.2~ 
strategy are1 

t. Support for applications other· tloan VPLm; <HPWlllW, ll>l' 1 

HPSLATE, etc.) 
2. Better support for HP personal coMput~·s. 
J, Support for uideotex terMinals Yia X.2~ networks. 

This is by no Means all, but we hope it givtH> you a fetd for· wha·1 
we doing with X.25 and a realisation that X.25 ia a Major part pf 
our long terM COMMUnications strate~y. 
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DATA COMMUNICATIONS FOR THE HP3000 USER (fll 

Mi•~om is a rapidly expanding multinational manufacturer of 
data conununications equipment for minicomputer users. 
Growth of the operation has b•·en staggering. Three years 
ago Micom consisted of one operation situated in Chatsworth, 
Los Angeles employing 200 people. Now Micom have 5 
buildings in the Chatsworth area and a number of flourishing 
subsidiaries in Puerto Rico (manufacturing) Pittsburgh PA 
(Black Box) Santa Clara CA (Microbaud) and Reading (Micom­
Borer). Currently the totel headcount is in excess of 
1000. 

To meet the ever increasing demands of the organisations, 
considerable energy was invested in computerisation. Three 
years ago the company met its data processing requirement 
by using service bureau. Today there are six systems at 
Chatsworth, with other systems in Puerto Rico, Pittsburgh 
and Reading. 

Soon after we began installing the systems in house we 
realised the need for local networking. We chose a data 
PABX approach and I believe time has shown that to be a wise 
decision. The system has easily grown to accommodate more 
machines and users. We think our experiences are typical of 
many growing organisations. 

Evolution of Communications Reguirements 

Back in the early days Micom utilized the Xerox service 
bureau for accounting and manufacturing control. Terminals 
were linked into the bureau via telephone lines and modems. 
Leased lines were adopted due to the requirement of 
utilising the service for much of the working day. Dial-up 
access would not have been cost effective. 

M800 M800 
Data Concentrator Data Concentrator 

8 Terminals 

SERVICE BUREAU MICOM SYSTEMS 

Remote Connection to Service Bureau 

Figure l 

As the terminal population increased we installed B channel 
data concentrators at each end of the leased line. Such 
concentrators (statistical multiplexors) permitted upto B 
terminals to link into the bureau over a single leased line. 
Cost savings over a multileased line approach were 
considerable. Not only were line costs reduced but 
hardware costs and complexity were considerably less. 
Instead of B moderns per end and 8 phone lines our link had 
only one modem and one concentrator per end. Usiug this 
approach cost savings were apparent in just a few months. 
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The First Computer System 

Then, about 2, years ago, our growing size and DP 
requirements finally sent us looking for our first in-house 
computer. We hoped for a single system that could handle 
all our DP needs: administrative, financial, engineering, 
software support, customer service and CAD/CAM. We did not 
choose an HP3000, as this audience might expect: we 
installed a Prime 750, mainly due to software 
considerations. 

However, by the time the Prime was up and running, we had 
already outgrown it. We proceeded to order our first 
HP3000, a Model 44 (again chosen due to its software), along 
with another, smaller, Prime to handle CAD/CAM on a 
dedicated basis. By this time, we had decided to put 
financial and manufacturing applications, including MRP and 
Bills of Material, on the HP, leaving the Primes for use by 
our customer service and engineerng departments. 

~·-""'--! 
Jn Bouse 
Line Drivers 

ost 
omputer 

(Prime) i-----i 

Jn Bouse COD1111unication Using Line Drivers 

Fiqure 2 

Fortunately for us, with the installation of our first 
computer, the Prime, we made a data communications policy 
decision which is with us today: unless the terminal is in 
the same room as the computer, we use line drivers to 
connect the terminals to their hosts. For those who are not 
familiar with them, line drivers ate functionally analogous 
to modems but much less expensive. Capable of ope~ating 
over distances of a few miles, they condition the signals 
going between computers and terminals in order to ensure 
reliable transmission beyond the EIA RS232C-specified 
maximum cable run of 50 feet. 
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Accessing Multiple Computers 

When the second computer was installed, an HPJOOO, a new 
problem presented itself, While we had managed to split 
~fflications between HP and Prime systQms, many of tlle 
terminal users needed to access to both. 

Faced with providing one user access to two computers, we 
had several choices. We could have added extra wires 
through walls and ceilings for each multi-machine user, and 
asked the user to plug his terminal to the appropriate set 
as needed, or we could have -- even more magnanimously -­
installed a second terminal for each of these folks. 
Neither solution was economically viable, particularly when 
we envisioned the consequences of adding more people and 
more machines to cover our continuing growth. 

Instead, we left the wiring and terminal situation as it 
was, and made our move in he computer room, where we 
installed a data PABX. With the data switch, as it is often 
called, we have in essence a private telephone system that 
can connect any authorised user to any available computer 
port. And, if a port is not available, say all the HP ports 
are tied up with accounting business at the end of the 
quarter, then the user asking for an HP port is told (in 
effect) "They're all busy. Want to wait? You'll be number 
three in line." This is the data PABX equivalent of camp-on 
busy in a voice exchange. 

Uost 
Compute 
(Prime) 

Rost 
Compute 
(HPlooO) 

H600 
DATA 
PAJIX 

H600 Data PABX System 

Figure 3 
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The Advantages of a Data PABX 

The primary advantage of a data PABX, although it has many, 
is its ability to connect any terminal to any requested 
resource (subject to security consideration& progranuned into 
the switch). This means we can hardwfre a terminal to the 
switch. This means we can hardwire a terminal to the data 
switch, and from the terminal keyboard a user can request a 
port on one of our HP systems, one of the Primes, a Zilog 
development system our engineers use, or whatever we may 
acquire in the future. We can add more computer systems and 
terminals as we grow. We can even let users call outside, 
through the switch, to reach one of the service bureau. 

We also benefit from a 'statistics log' feature of the 
switch which provided detailed reports of all switch 
activity (a function which would require a dedicated 
processor in other proposed networking plans). And our 
network easily supports remote users and remote computers. 

The switch also lets us save money by using leased lines, 
while still providing 'dial-up link access' to several 
computers. Nothing keeps us from 'remoting' some of the 
CPUs, heightening that dial-up parallel. 

An example may help to illustrate the degree of the 
flexibility we realize by combining data concentrators, 
leased lines, and the switch. Say one user at Hicom Caribe, 
our Puerto Rican facility, needs to use one of the HP 
systems, He simply turns his terminal on, and the swit.ch, 
which is in our headquarters in Chatsworth, California, 
automatically asks him where he wants to be connected. He 
can answer with a symbolic name, in our case with an 'H' for 
one of the HPs or with an 'H' for the UP running MANHAN, or 
whatever, and the data PABX makes the connection. 

A few minutes later, an engineer in Puerto Rico may turn on 
his terminal and ask for one of the Primes. Although both 
active terminals are on the same leased line, each user gets 
the same service he would on his own unshared line. For 
that matter, either of these two users can log off one 
machine and ask for another without affecting the 
transmission of the other user on the line. 

Perhaps it's inevitable that our version of local networking 
using a data PABX is continually compared to others which 
use more exotic technologies. We don't mind. We show up 
well in the comparisons. For example, the new pr9posed 
local networks which use coaxial cable or fiber optics of fer 
one very appealing feature in their ability to support many 
users on the same physical medium, But we can do the same 
by adding a few new twist• to plain old telephone 
technology. In our corporate headquarters we have begun 
using a new type of line driver that can multiplex up to 
eight asynchronous terminals over the same two pairs of wire 
that might othen1ise be used for a single telephone or 
terminal. This saves us time, money, and effort. we 
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already have our offices wired for terminals, so now we can 
use the same wiring to connect several terminals in one room 
to the data PABX. In addition to saving us the time and 
cost, and disruption of stringing new wires, it also reduces 
the number of line drivers we need by as much as a factor of 
eight. 

Even now the necessity of stringing additional cables around 
the building for data purposes is becoming dated. Recently 
we've been using an approach where the installed telephone 
system wiring can be utilised for both voice and data 
purposes. Here the data is summed with the voice input 
into a box which resides under the telephone. The data 
channel is then extracted at the voice PABX interface and 
'piped' to the data PABX. This approach virtually 
eliminates the wiring overhead norma~ly associated with 
local net.working and allows a terminal to be connected 
wherever an extension telephone is sited. 

Expanding the System 

As might be expected, as our data processing capabilities 
have grown, so has the data PABX. Luckily, the switch is 
easy to expand with the addition of simple plug-in interface 
card modules. These provide four line or port interfaces 
per card slot, and each bay has up to 32 slots, which works 
out to 128 lines or ports (intermixed) per 19-inch bay. 

As we fill a bay, we simply add another. Once we had our 
first HP3000 and Prime pair connected to the switch, it took 
about 30 days before we added our second bay: 60 days later 
we put in bay number three. We've already ordered our 
fourth, and we can continue to put them in until the raised 
floor collapses from the weight. 

All of this can lead to a massive set of cables for local 
and remote terminals, we found. We have about 250 terminals 
in our Chatsworth facilities, and another 30 to 40 in the 
field. To simplify the wiring of the nearly 300 RS232C 
connections coming into the computer room, we have adopted a 
technique called 'group termination.' All incoming lines go 
to a wall-mounted telephone block: cables with 50-pin 
connectors attach the block to the switch. Each of the 
cables handles either six terminals (with EIA control 
signals) or 12 terminals (data only). 

Of course this greatly reduces the snarled wiring behind our 
switch, and decreases the cabling under our flooring. It 
also makes connecting to the data PABX quicker, as we can 
attach as many as 12 terminals when we plug in a single 50-
pin connector. (The group termination technique we use 
should not be confused with another that uses similar wall­
rnounted blocks but omits the 50-pin connectors, leaving the 
user with a fistful of low wires that must be connected to 
screw terminals on the switch). 
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Expanding the Network 

As mentioned earlier the Micom network is just restricted to 
operations in Chatsworth. Micom Caribe now run a HP3000 
model 64 for accounting and manufacturing control purposes. 
Terminal access is accomplished in a similar way to that 
described in Chatsworth. Much more recently a HP3000 Series 
64 has been installed in Black Box at Pittsburgh 
Pennsylvania. Both these sites are linked into Chatsworth 
via a shared leased line. This in its own rights is an 
unorthodox approach to asynchronous working but thanks to 
Micom's 900 Multidrop Concentrator line saving can be 
achieved where the geographical topology is appropriate. 

In July this year Micom-Borer in Reading installed a HP3000 
Model 40. Micom-Borer is a standalone sales and 
manufacturing operation and hence has a need for 
implementing all the standard accounting and manufacturing 
disciplines basically a subset of Chatsworth. Linking 
into Chatsworth from the UK via a leased line is not a cost 
effective proposition at around £35000 per annum. Up until 
now we have utilised dial-up services with the adoption of a 
1200bps V.22 modem. Typically error probability is high 
when dialling over 6000 miles so we have utilised M500 error 
controllers to permit error free operations. Now with the 
advent of the PSS X.25 service we are experimenting with 
connection via Telenet into Chatsworth. Even though the 
service is ostensibly X.25 we are interfacing the service 
with X.25 PADs that permit 8 asynchronous terminal channels 
to connect over a single X.25 connection. The results so 
far are very encouraging bearing in mind the relatively 
small amounts of data transfered. 
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The Next Step in Networking 

We're also expanding the scope of our networking in another 
way. Our HP3000 in Chatsworth, will be expected to support 
DS/3000. The new machine will connect to our data PABX and 
through a high speed link to one of the other 3000s. Our 
reason for going to DS/3000 is one of response time for our 
many users in finance, manufacturing, and sales support who 
make inquiries against a large IMAGE data base now residing 
on one of the 3000s. 

Initially we expect to put MANMAN and Accounts Payable on 
one of the linked 3000s, General Ledger, Accounts 
Receivable, and Order Management applications on the other. 
Files unique to each host will become more readily available 
to our users, and conunon files will be kept synchronised 
through the facilities of DS/3000. 

Because of the transparency of the data PABX, we don't fore­
see any problems with the two networking systems operating 
together. Additionally, if someone needs to switch 
applications, say from A/R to A/P, it will be more efficient 
to reconnect to the appropriate host through the switch, as 
opposed to using the high speed interprocessor link and 
stealing capacity from DS/3000. 

Network Conclusions 

As we've grown our network, we've learned a few things, the 
most important of which is just how right we were to start 
with a data PABX. Unless your users stick to a single 
computer, or don't mind marching off to a centralised 
terminal room, it's difficult to see how to manage without 
one. 

Granted, telephone technology is not as exotic or glamorous 
as working with coax or glass fibres, but it more than makes 
up for its lack of sexiness. Its technologies are proven, 
and relatively standardised in a de facto sense. Twisted­
pair wiring or in-house telephone wiring is inexpensive, and 
in most offices, it's already in place. Likewise, using 
line drivers with RS232C interfaces provides a standard 
method of connecting to the network and avoids any special 
progranuning considerations. 

In contrast, networks using coaxial cable or fibre optics 
run up increased costs due to the expense of the medium. In 
most buildings the installing of the broadcast medium also 
runs costs up very quickly, as well as disrupting everyone's 
work. Then too, the interfaces to the media are more 
expensive, by an order of magnitude, than line drivers, and 
are basically unstandardised, incompatible devices today. 
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A pioneering user who adopts one of these new and exotic 
networking technologies may well he casting his decision in 
concrete before the industry is ready for that. A mistake 
on his part is likely to become an expensive embarassment 
down the road. We're not going to have that problem. When 
those new technologies mature and users can install them 
with confidence, we won't be left behind: we can connect to 
them too. 

Conununications Hardware Glossary 

The previous sections have illustrated Micom's approach to 
building a corporate network encompassing local networking, 
and distant networking techniques. Let's analyse the key 
products that allow such networks to be implemented. 

Local Networking Products 

Micom's approach to networking is generally called 
'Instanet', What comprises 'Instanet'?. 

MICR0600 PABX 

The Micro600 Series 2A Port Selector provided contention, 
permitting a large number of asynchronous terminals to 
compete for access to a smaller number of computer ports, 
and port selection, allowing the terminal operator to select 
from his keyboard a particular 'class' of computer port. 
Upto 1504 terminals and/or computer ports can be attached to 
a single Micro600 

M400 Line Driver 

The Hicro400 Series are a range of specialized modems 
designed specifically for short haul data transmission 
offering substantial cost savings because of their reduced 
complexity. They operate asynchronously or synchronously 
over customer owned twisted pair cable and are suitable 
for a range of applications including point-point and 
multipoint operation, at speeds upto 19,200bps. 

Rost 
Computer 

Micro400 Line Driver 

Fiqure 5 
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M470 Instamux 

The Instamux 470 is a low cost, high performance, 
asynchronous data multiplexor with built-in line driver 
which operates over low cost customer-owned cables. It 
significantly reduces customers installation costs by 
providing a path for a cluster of up to eight terminals over 
a single cable. In a new site the customer saves money by 
installing fewer cables. In an existing computer site the 
customer saves money by being able to expand the number of 
terminals without adding new cables. A cable that initially 
was used for only one terminal can now be used for up to 
eight terminals with no difference in response time for 
users. 

CPU 

In House customer 
~--.., owned cable 

i-----tM470 1----"'V---1M470 

Upto 5000 ft 

H470 INSTAMUX 

Figure 6 
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M460 Instalink 

Micom's Instalink Voice/Data Multiplexor provides a 
convenient solution to instant local data networking. It is 
installed by simply being plugged in between the users 
personal terminal and his telephone handset, the device 
'piggybacks' data transmission onto voice transmissions 
enabling the users internal 2-wire PABX telephone system to 
become a local data network. With Instalink, every desk 
with a phone can have a computer data terminal without 
expensive rewiring. 

Data 

Teleph Direct 
Connected 
Terminals 
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Distant Networking Products 

The adoption of appropriate products for distant networking 
depends solely on the application to be fulfilled. A number 
of products however are particularly pertinent to the HP3000 
user. 

Micro500 Error Control~er 

A Micro500 unit is installed at each end of the data link, 
between the data terminal and the modem at one end and 
between the computer port and the modem at the other end. 
It is designed for use in a wide variety of asynchronous 
terminal applications, primarily offering the same 
retransmission-on-error capabilities as the Micro800/2 but 
for single terminal installations. It can also operate as a 
synchronous-to-asynchronous converter allowing asynchronous 
terminals to be used with synchronous modems. The MicroSOO 
can be used as a full duplex to half-duplex protocol 
converter allowing asynchronous terminals to operate with 
half-duplex synchronous modems. 

Host 
Computer 

1 
Dial-Up 
Error 
Control! r 

Asynchronous FDX 
,__~~~-.1200 bps 

Dial-up 
Error 

Asynchronous, Full Duplex 
Dial-up Modem 1200bps 

MicroSOO Error Controller 

Figure 8 
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Micro800/2 Data Concentrator 

The Micro800/2 Data Concentrators are a range of low cost 
statistical multiplexors designed to allow up to 16 
terminals, synchronous and asynchronous to share a single 
telephone acheiving immediate savings in telephone line 
costs even when supporting just one CRT and a printer. They 
require no changes to existing hardware and software and 
provide each terminal with an apparent direct connection to 
its host computer. 

ost 
MICOM 
M800/2 

Modems 300-19200bps 

Full-Duplex 
Data Link 

MicroB00/2 Data Concentrator 

Figure 9 

MICOM 
M800/2 

1 
Up to 16 Channels for 
Data Terminals 50-9600bps 

They also provide extra advantages including automatic 
retransmission on error and easy do-it-yourself 
troubleshooting. Terminals may also use dial-up access to 
the remote concentrator if required. The data link between 
the Hicro800/2s must be point-to-point and full duplex but 
may operate with asynchronous modems to 9600bps or 
synchronous modems to 19,200bps. The modem speed required 
depends on anticipated terminal activity but is typically 
one-half to one-quarter of the aggregate channel rate. 
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F800/HPX 

'fhe FBOO/HPX option for the Micro800/2 eliminates the 
problem of long delay times suffered when using data 
concentrators with HP3000 computer by emulating the ENQ/ACK 
protocol at the interface to both the host and terminal. 
With the FBOO/HPX option, Micom's MicroB00/2 ACKs block mode 
messages at the host and obeys the ENO/ACK protocol at the 
terminal. 

800/2 
ith 

HPX 

~I 
Micro850/X.25 PAD 

With F800/HPX 

Micom F800/HPX Op~ 

Figure 10 

-- .... _., 
r-- .--

--, __ -- I• ·--=-···-- ,-• 

'l'he Micro800/X.25 Concentrator PAD is an X.25 packet 
assembler/disassembler which concentrates the asynchronous 
data from four to twenty-four terminals or computer ports 
onto a single X.25 access line. It meets all the 
requirement of CCITT recommendations X.25, X.3, X.28 and 
X.29. 

X.25 
PON 

Micro800/X.25 Concentrator Pad 

Fiqure 11 
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Micro900 Multidrop Concentrator 

The Micro900/2 Multidrop Concentrator's primary use is in 
supporting scattered remote terminal populations whose 
computer acces is over telephone lines. In situations where 
each site has a cluster of terminals, the Micro900/2 system 
may be substantially less expensive than point-to-point data 
concentrators systems due to its great advantage in 
telephone line savigs. It can be used for linking up to 16 
regional offices with a central computer and provides 
automatic retransmission-on-error, fault isolation 
capabilities, greater efficiency in line use and higher 
speed transmissions, requiring no changes to computer 
hardware or software. 

Host 
Compute 

Master 
M900/2 

16 Channels 

K G Baynton 

15th August 1983 

Node 
M900/2 

Node 
M900/2 

Micro900/2 Multidrop Concentrator 

Figure 12 

39-16 

Node 
M900/2 



Simplify Workstation to Host Connection HP3000 IUG - Edinburgh, Oct 83 

S I H P L I F Y 

W 0 R K S T A T I 0 H T 0 H 0 S T 

C 0 H H E C T I 0 H 

HEWLETT - PACKARD 

GRENOBLE NETWORKS DIVISION 

page 1 

40-1 



Simplify Workstation to Host Connection HP3000 IUG - Edinburgh, Oct 83 

How can a large number of terminals be connected simply and efficien­
tly ? How can you connect terminals scattered across wide areas or in 
different parts of a large building ? Can 'dumb' terminals be connected in 
the same way as personal computers ? What kind of supp,ort should a user 
expect for an installation involving many different vendors ? 

Transmission of different types of informations and communications -
voice, graphic image, computer data and so forth - is a field that has 
grown rapidly and will expand even faster in the future. The telephone 
system is a good example of how multiplexing technics have evolved in the 
past. In order to reduce the cost of communication, telephone companies 
have developed elaborate schemes for multiplexing many conversations on a 
single physical channel. Better usage of the bandwidth available on the 
media permits cost to be shared by more users, thus offering the same 
service at lower cost to each individual users. The same phenomenon is 
occuring in the area of data transmission. 

The intention of this paper is three-fold. First, it will describe 
the historical evolution of multiplexing technics. Second, it would present 
and compare data communication protocols and analyze various statistical 
multiplexers or stat-muxes including their functional descriptions, featu­
res and be·nefits. Third, it will present the HP solution to multiplexing, 
through our' family of cluster controllers, the llP233x. 

Multiplexing technic~ 

The first multiplexing scheme used was Frequency Division Multiplexing 
(FDH). In FDM the frequency spectrum is divided up among the logical chan­
nels, with each user having exclusive use of his frequency band. AM radio 
broadcasting provides an illustration of FDH. Different frequencies are 
allocated to different logical channels (stations) each operating in a 
portion of the total spectrum (about 1 Hhz) allocated for AM broadcasting. 
The interchannel separation is sufficiently large to prevent interference 
between two adjacent channels. 

figure I shows how three voice-grade telephone channels are multiplexed 
using FDM. The same principle is used to multiplex data equipment onto a 
voice-grade channel, frequencies and bandwidth differ. In order to keep the 
channels well separated, a bandwith larger than the usable bandwith is 
allocated to each channel. First, channels are raised in frequency, each by 
a different amount. They can ten be combined, since no two channels occupy 
the same portion of the spectrum. 
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For voice FDH, a widespread standard is twelve 4000-Hz voice channels 
(3000 Hz for the user plus two guard bands of 500 Hz each) multiplexed into 
the band 60 to 108 KHz; as for Data FDH, the standards define twelve 150 
baud channels (each channel using 240 Hz, including guard bands) multi­
plexed onto a 3000 Hz voice-grade bandwidth. 

!Pf\F\ > 
80848872 

K Hz 

Fig. I: FDH of three voice-grade channels. 

Notice that even though there are gaps (guard bands) between the chan­
nels, there is some overlap between adjacent channels, because the filters 
do not have sharp edges. This overlap means that a strong spike at the edge 
of one channel will be felt in the adjacent one as non thermal noise. 

FDH has no ability to detect and recover transmission errors. It is 
also not flexible because it does not allow reconfiguration (adding or 
changing characteristics of a channel) easily. A good feature of FDM, 
however, is its ability to build multidrop networks. Since each channel 
uses a different frequency within the bandwidth, individual channels can be 
dropped and inserted at different points along the same telephone line. 

From FDH examples above, it is quite obvious that a fair amount of the 
bandwidth is wasted by the guard bands. This method took advantage of 
technics and equipment used in radio, where frequency manipulation were 
common. However new multiplexing schemes can divide the transmission path 
much more precisely, thus being more efficient. Instead of dividing the 
spectrum by frequencies, each user is assigned the total bandwidth of the 
media during a time slot. This is Time Division Hultiplexlng (TDM). 

40-3 



Simplify Workstation to Host Connection HP3000 IUG - Edinburgh, Oct 83 

Time division multiplexing can be compared to a switch that rapidly 
samples a number of lines. These samples are sent across the data link, 
then routed"back to their original sequence by another switch at the recei­
ver. Figure II illustrates this method. 

time slots 
5 4,3 2 1 

I 
I 
I 
I 
I 

I 
I 
I 
I •o• 

Message flow 

Fig. II: TDM principle. 
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Data tr.om each channels is grouped into 'frames' preceded by a control 
sequence that permits synchronization between the two multiplexers, Frames 
are transmitted continuously and contiguously, the receiving end knowing 
which data belongs to each channel as a function of their time relationship 
to the begining of the frame. The data carries no identification of its 
origin. Figure III (a) shows an example of a TDM frame. Since the TDH 
transmits continuously, there ls no possibility of retransmission even if 
the receiving end detects errors. 

The advent of digital electronics allowing digital transmission has 
made TDH possible. Digital transmission is superior to analog transmission 
in several ways. It potentially has a very low error rate. Analog circuits 
have amplifiers that attempt to compensate for the attenuation in the line, 
but they can never compensate exactly for it, especially if the attenuation 
is different for different frequencies. Since the error is cumulative, long 
distance calls that go through many amplifiers are likely to suffer consi­
derable distortion. Digital regenerators, in contrast, can restore the 
weakened incoming signal to its original value exactly, because the only 
possible values are 0 and 1. Digital regenerators do not suffer from cumu­
lative errors. Also digital transmissions are possible at a much higher 
data rates, using exiSting lines. Digital Data services are now available 
in many cities, in the US. The Bell System has developed a digital network 
known as DDS (Dataphone Digital Service), it provides private point to 
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point, full duplex, synchronou:s data rate:s at up to 1.51111 Mbits/s. AT&T is 
offering DSDS (Dataphone Switched Digital Services), a switched facility at 
data rates of 56 Kbits/s. These services offer higher speed and higher 
reliability at lower cost than analog facilities. Digital transmission and 
its associated switching is likely to become much cheaper than analog 
transmission. 

For data transmission there are basically two categorie:s of TDHs. They 
are known as Byte-interleaved or Bit-interleaved TDHs. The first kind 
transmits one byte for terminal A followed by one byte from terminal B and 
so on, while the second kind transmits one bit from terminal A followed by 
one bit of terminal B and so on. Usually bit-interleaved TDHs are more 
appropriate for synchronous transmission, while byte-interleaved TDMs are 
more efficient for asynchronous transmission. Bit interleaved is totally 
transparent to data being transmitted over each channel and minimizes 
propagation delay through the system, thus permitting fast turnaround. Byte 
interleaved usually offers more flexibility and more efficiency for asyn­
chronous transmission because it buffers a complete character before 
transmitting it, so it is possible to remove the start & stop bits. 

Since the TDM is a digital system, it takes advantages of the higher 
speed of digital transmission. So not only does the TDH have a greater 
efficiency than the FDH, but the TDH's channel capacity ls much greater 
than the FDH's as well. 

I''! 

. !I\' 

control field 
- eync 

+------- frame 

a) TDM frame 

control field 
- sync 
- ack 
- nA'4r-,ruu1 

actual data 
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host connection, make those technics inappropriate and not efficient. 
Indeed the big disavantage of TDH ls that the time slot is allocated to the 
device whether the device has something to transmit or not. If there is no 
data to transmit in a given timeslot, a place holder or dummy character is 
used instead. It is not possible to skip a time slot, as the receiving end 
has no way of knowing that such a skip has taken place. 

The application of microprocessor technology to multiplexing created 
the "intelligent" time division multiplexer, commonly known as the 
Statistical Multiplexer or Stat-Hux. Introduced in 1976, the stat-mux has 
ruled the multiplexer industry and more than 751 of multiplexers sold this 
year have stat-mux capabilities. The stat-mux is designed to handle the 
statistically determined data traffic more efficiently, due to its ability 
to store data temporarily in a buffer memory during periods of peak 
traffic. 

In contr'ast to the conventional TDH which is driven by time, the stat­
mux is driven by data. As a result of this feature, more low speed 
terminals can be attached to the stat-mux than can actually be serviced at 
any given time. 

Figure III (b) shows an example of a stat-mux frame. Notice that the 
control field in the stat-mux frame ls greater than the one in the FDH. But 
the characters in the data portion are real data as opposed to TDH frames 
that are filled with 'dummy' characters for non active devices. Unlike TDHs 
that do not require any protocol, stat-muxes need protocols to exchange 
data between the two multiplexers. 

Protocols comparison 

A protocol is defined as a set of rules for orderly interchange of 
informations between two or more devices. 

Protocols are divided into two basic groups: 
- Byte control oriented protocols (BCP) 
~ Bit oriented protocols (BOP) 

Protocols provide many desirable features such as framing of data, 
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Protocol class 

Transmission 
format 
mode 

Framing - start 
- end 

Link control 

, Error checking 
I 

Error detection I 
I 

request for I 
retransmission I 

I 
Max number of I 
oustanding framel 

I 
Flow control I 

I 
Transparency I 

I 
I 

B I S Y N C 

BCP 
Char. control. 

Async/Sync 
Half duplex I 

I 
2 SYNs I 
Terminating charl 

I 
Control char. I 
optfonal header I 

Info only 

VCR/LRC CRC-16 

Stop & wait 

Control char. 

Transparent mode 

I 
I 
I 

D D C H P 

BCP 
Char. count 

Async/Sync 
Full/half dupl. 

2 SYNs 
Char. count 

Header required 

Header & info 

CRC-16 

Back n frames 

255 

None 

Inherent 
(bytes count) 

Fig. IV: Common protocol characteristics. 

X .25 L A P B 

BOP 

Sync 
Full duplex 

Flag 
Flag 

Control field 

entire frame 

CRC-CCITT 

Back n frames• 
selected reject 

7 or 127 

Window scheme 

Inherent 
(bit stuffing) 

Asynchronous transmission is fine when used on a device driven by an 
operator because the transmission is irregular and the start/stop bit 
attached to each character provides for the synchronization efficiently. 
But synchronous· transmission makes far better use of the transmission 
facility by eliminating the start and stop bit. Furthermore, synchronous 
modems offer higher transmission speeds. 

Full duplex transmission mode is more efficient than half duplex, 
because in full duplex operation, information can travel in both directions 
simultaneously between the locations. In half duplex, data flows o.nly in 
one direction at a time, and the line must be turned around to reverse the 
direction of transmission. A 4-wire circuit, ~s opposed to a 2-wire cir­
cuit, is more efficient because it eliminates line turnaround which are 
time consuming. 

Protocols that allow 'back n frames' type of retransmission are more 
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efficient because frames do not need to be acknowledged on a one-to-one 
basis and may be outstanding (unacknowledged 1 unreceived or being recei­
ved). It greatly reduces the number of turnarounds in half duplex and the 
number of control messages (i.e.: overhead) in full duplex transmission 
mode. 

While some stat-muxes manufacturers are using proprietary protocols, 
Hewlett-Packard has chosen to use standard, broadly available protocols, at 
the Data Link Control level (referred as level 2 in the OSI model by ISO) 
for its line of Cluster Controllers, HP233x. 

Why has Hewlett-Packard chosen Bisync, for its first product of the 
family, the HP2333A ? As can be seen from the chart above, Bisync does not 
seem to offer all features of some of the Bit Oriented Protocol. But, on 
the other hand, Bisync or more precisely the HP-multipoint protocol was 
readily available and already used to link terminals to HP hosts. So the 
integration of a new device like the multipoint cluster controller, on the 
existing product was a lot easier and could be achieved sooner. In doing 
that Hewlett-Packard has not only shortened the development cycle, but also 
provided a multipoint capability at no extra cost and minimized the hard­
ware equipment involved by integrating the box on the system side into the 
system itself. 

The Bisync protocol provides a reliable connection between the HP3000 
system and the HP2333A multipoint cluster controller. The CRC-16 ensures 
error detection. The protocol also permits flow control of data between the 
host and the remote cluster controller. 

Stat-muxes versus Cluster Controllers 

Stat-~uxes work in pair, one at each end of the link, while cluster 
controllers are analogous to terminal concentrators. They both use the same 
datacommunlcation concept of line sharing, but cluster controllers are 
supported by the host system and may not require special hardware on the 
system side, which is the case for the HP2333A, as it does not require any 
box sitting in the computer room, The advantage there, beside hardware cost 
saving, is the complete integration of the cluster controller to the host 
system Can HPJOOO system for the HP2333A). 

For example, stat-muxes will never be able to control echo from the 
remote box, the box at the terminal side, as the remote box has no way of 
knowing when to switch echo on or off, However, the HTS subsystem that 
replaces the box on the system side, knows exactly when to enable or 
disable echo because it is part of the host operating system. By using a 
high level protocol, above Bisync, HTS could at any point in time download 
that data into the remote cluster, thus dynamically altering the behavior 
of the cluster controller as requested by the application package. Not only 
the terminal reacts as if it was connected locally, but also it saves 
bandwidth on the line because the characters do not need to fly back and 
forth between the two boxes to be actually echoed by the host system. 

MTS also, could concatenate write data coming out from the host so as 
to minimize the number of blocks transmitted on the line, thus increasing 
the efficiency of the utilization of the line bandwidth. 

So, at any moment, the HP2333A knows exactly what it is supposed to do. 
It knows about echo, about break detection, about flow control between the 
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device and the system (Xon/Xoff, Enq/Ack, Etc ... ) and about read request 
characteristics issued by an application program or an HP subsystem. This 
ensures that data sent by the device is not split into two separate blocks 
interleaved with other blocks from other devices, thus leading the host to 
make wrong assumptions of what is happening. This phenomenon, well known by 
stat-muxes manufacturers, and usually called 'timing discrepencies', has 
forced most of them to create special options to alleviate those problems. 
Also by knowing the read characteristics, the cluster controller could 
concatenate data in order to minimize the traffic on the link. It also 
permits the Xon/Xoff or Enq/Ack protocol to be performed locally and to not 
transmit those characters on the link. 

This logical (as opposed to physical) integration of the cluster con­
troller into the system is the foundation of the •transparent connection' 
concept. It permits a friendlier user interface because the cluster 
controller will react instantly to break signal or Xoff commands, giving 
the user an accurate feedback. 

This integration also allows remote spooled printers to be supported. 
With the dual host option of the HP2333A, two different hosts (HP3000) 
could share the same remote printer. Outputs from each host are sent 
sequencially, one host waiting while the other one is using the printer. As 
a result, data from the two hosts are not mixed together, but come in 
orderly succession. 

Stat-muxes architecture 

Stat-muxes are built around one or several microprocessors. Figure 
V shows a logical block diagram of a stat-mux. 

UART 
ROM en 
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UART --> 
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Protocol u 
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U) 
--0 0 UART 
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RAM 
en 

<{ 
UART 

Tb 

Fig. V: Stat-mux logical block diagram. 
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The asynchronous devices are connected through a UART (Universal 
Asynchronous Receiver Transmitter) LSI chip. It translates the serial bit 
stream into a parallel data path that interfaces to the microprocessor data 
bus. It also strips off the start/stop bits. Usually UARTs have program­
mable features such as, changeable line speed (from 50 to 19200 bps), 
adjustable character size (5 to 8 bits), parity generation and checking 
(odd, even, none), break generation and detection, overrun and underrun 
detection as well as framing error detection. 

The protocol chip usually provides Sync or Async transmission, diffe­
rent line speeds, bit and byte synchronization, and some of the basic 
protocol functions such as bit stuffing for bit oriented protocol. Some 
protocol chips will do much more and take care of every aspect of the 
protocol up to level 2 or 3 (levels defined in the OSI model by ISO). 

As can be seen from above, the microprocessor is pretty much freed of 
all those details and could be employed to perform other task such as 
optimizing the link utilization which remains the main resource in any 
multiplexing technic. Only the intelligence of a processor could actually 
obey an algorithm that, given the statistical nature of the data, will 
manage this resource efficiently. The processor buffers frames for each 
device using dynamic memory allocation scheme. Frames, ready for transmis­
sion, are inserted in the outgoing queue, transmitted according to the 
protocol, and retained in memory until a positive acknowledgment has been 
received from the other end. The sa~e algorithm applies for incoming data. 

At the same time, so as to not run out of buffer memory, the processor 
uses a flow control mechanism. Protocols provide flow control, so it is 
relatively easy for the multiplexer to protect itself against the other 
stat-mux at the other end of the link. By using well accepted flow control 
mechanism~ such as XON/XOFF or CTS RS232 control line between the stat-mux 
and the asynchronous device, the stat-mux protects itself from overflow 
caused by external devices (terminals or hosts). 

On the other hand, printers or CRTs are not always able to process or 
accept data at the datacomm speed, so stat-muxes must offer some features, 
that prevent those devices from being overflowed, such as XON/XOFF, CTS 
control line or ENQ/ACK. 

Not shown on the block diagram are some miscellaneous components like: 
an EAROH or a CMOS-RAH with battery to retain configuration data during 
power failures. Also found sometimes is some added circuitry to help self­
tests and self-diagnostics. Host of the time, a limited input and output 
peripheral is provided, ranging from a few DIP switches with LEDs to small 
tape cartridges and 1 segments digit LED. 
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Fig. VI: HP233x architecture. 

The HP233x Cluster Controller architecture is very close to the above 
descriptiqn, but for added flexibility and power, a microprocessor has been 
added for ·every four UARTs, so protocol between the cluster controller and 
the Asynch aevices will not interfere with anything else. As seen on figure 
VI, the design is extl"emely modular, thus allowing room for future 
enhancements. Adapter cards are provided for the implementation of level 1 
(as per ISO), allowing the flexibility to add any new electrical interfaces 
as needed by the market. 

Stat-muxes features ! benefits 

Stat-muxes improve link utilization. For asynchronous workstations, the 
stat-mux takes advantage of the bursty nature of data-transmission and is 
far more efficient than TDH or FDH technics. Depending on data traffic, 
stat-muxes usually accommodate three or four times as many devices as TDH, 
while maintaining an acceptable performance. 

Performance of stat-muxes is not easy to determine. Performance indi~ 
cates how efficiently the stat-mux can transfer data from one end to the 
corresponding port at the other end of the link. But depending on the 
internal multiplexing method, stat-muxes may be more efficient than others, 
upon heavy traffic condition or error prone link. To increase link utiliza­
tion even further, some stat-muxes offer data compression. Efficiencies of 
75j to 90j are attained with these technics when used in certain appli-
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cations. However data compression algorithms are very sensitive to the data 
stream and should be used with caution after thorough analysis of the data 
transmitted. 

The main reason for using stat-muxes remains cost objective. A voice 
grade channel offering services at up to 9600 bps is not much e.xpensive 
than a channel limited to a lower speed. Thus if more data can be added to 
one channel and some slower channels eliminated, there is an excellent 
prospect for trading off reduced line costs against the cost of multi­
plexing equipment. 

Costs involve the monthly charges for the line and the purchase price 
of modems and multiplexer. When comparing the different alternatives, 
detailled cost analysis demonstrates that for two terminals located at more 
than 50 Km of the host system, savings are realized within the first year 
of usage of multiplexing equipment. Cost. analysies are heavily dependant on 
line cost and may vary considerably from one country to an other. As the 
number of remote devices increases, the saving becomes higher and the 
hardware cost of multiplexing equipment is paid for even sooner. 

But stat-muxes offer more than cost savings. They also provide reliable 
transmission. Asynchronous terminals do not provide for error free trans­
mission because they usually do not use protocol to exchange information 
with the host. Stat-muxes, with their protocol guarantee virtually error 
free data transmission between the host and the workstation by retransmit­
ting erroneous data. Also newer stat-muxes offer extended diagnostics 
capabilities, which increase even further the reliability of the instal­
lation. Diagnostics help troubleshouting the installation. They offer tests 
that could be activated for one terminal, on line, without disrupting 
operation of others devices. They provide local and remote loop back that 
permit the operation of every equipment of the network to be tested easily. 
Some units al;so indicates link utilization or internal buffer memory al­
location. Those indications are very valuable for the data communication 
manager because they tell him when it is time to buy some new pieces of 
equipment, change the link's data rate or balance the traffic in different 
way. 

These functions are the basis of an evolution of stat-muxes toward 
networking devices. With these added features, stat-muxes are coming to 
play an important role in networking. These networking functions are more 
powerful!, easier and friendlier to use through the monitor port or super­
visory port. Since the supervisory port is no longer used as a data channel 
it can support interactive devices, and can be used to monitor the actual 
data traffic on a given data channel, outptit statistics, configure link 
protocol characteristics as well as data channel parameters and initiate 
diagnostics. 

The switching and port contention capabilities are the next step toward 
a full networking device. Using the connection process of the switching 
capability, the user can choose, from each individual devices, the host 
system he wants to connect to. On the other hand, the port contention 
feature permits better usage of the resources because not only does the 
aggregate speed of all devices exceed the available link data speed, as 
with conventional stat-muxes, but since not all devices are 'logically' 
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connected continuously, the number of devices 'physically' connected to the 
network is increased allowing potentially more users to be served. At the 
same time it diminishes the number of ports used on the host thus saving on 
the total datacommunication cost. 

HP233! Cluster Controller family 

The main objective of this product line is to provide cost effective, 
reliable and transparent connections of workstations to HP host systems. 
Neither the user at the terminal, nor the application program controlling 
this terminal could 'see' the cluster controller. It works as if the termi­
nal or the printer were connected locally to the system. It thus benefits 
from new datacommunication technology and at the same time uses the exis­
ting installed base of terminals as well as newer ones. 

There are three different protocols used to connect an HP cluster 
controller to an HP host system: 

o HP-Multipoint Bisync 
o X.25 
o IEEE 802 

The first m()del of the family, the HP2333A multipoint cluster control­
ler, was introduced in late 1982. This model is only supported on the 
HP3000 series. It supports up to 16 workstations; terminals, personnal 
computers or printers. It has two electrical interfaces to the host, in 
order to cover both local and remote environment. In local applications, it 
is recomm'ended to use the multidrop DSN/Data-Link. The Data-Link is a 
single shielded twisted pair of wires, extending for a length of up to II Km 
which permits connection of one or more HP2333A units as well as individual 
terminals. For remote applications, an RS-232 interface connects the 
HP2333A to the modem. The optional second host interface, gives the HP2333A 
a limited switching capability. In that case each device can independantly 
select one of the two hosts, or the hosts could share the same printer 
attached to the HP2333A using remote spooling capability. 

Figure VII shows a HP2333A connected locally to host A through a Data­
Link, and connected through a modem to host B. Unlike regular stat-muxes, 
only one box, on the terminal side is required. The HTS subsystem with its 
associated hardware, the INP controller, performs the task usually 
performed by the box on the system side. This permits a transparent con­
nection. (As explained previously in details in 'stat-muxes versus cluster 
controllers'). 
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Fig. VII: HP2333A configuration. 

Intro~uced in the fall of 1983, the second model of the family, the 
HP2334A u~es X.25 protocol. It provides for remote connections through 
Public Data Networks (PDN). A typical HP2334A configuration, shown in 
figure VIII, illustrates the flexibilty of PON. Each terminal connected to 
the HP2334A could access any host, or in others words, have access to any 
resources of the network. The PON provides the switching capability and it 
is a very cost effective solution when terminals need to access many hosts 
geographically dispersed. The HP2334A could also be used to permit a 
terminal access, through PON, to a host that does not support X.25 
protocol. 

As an enhancement to this offering, an updated HP-Host-X.25 software, 
that will permit transparent operation of workstations through PON with HP 
equipment, is currently under development. Upon introduction of this 
upgrade, most user written application packages, or HP subsystems, will 
provide the same functionality with terminals or printers connected remote­
ly on an HP2334A through PON as they do locally. 

To be introduced, shortly after, is a true stat-mux configuration using 
HP2334 technology with one box at each end of the link. Those boxes will be 
able to communicate through a PON or directly using modems on leased line. 
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Fig, VIII: HP233qA configuration. 

The next model of HP cluster controllers will provide transparent 
connectioq of workstations, through Local Area Network (LAN). It will uses 
the IEEE-802 protocol. The LAN will provide the switching function, so any 
of the 32 ~orkstations connected to a IEEE-802 cluster controller will be 
able to access any host on the network. When using HP equipment, worksta­
tions and hosts; the connection will not be visible. Application packages 
will continue to operate the devices as if they were connected directly on 
the asynchronous multiplexer of the host. 

The HP233x cluster controller product line offers a supported and 
transparent connection of HP workstations to HP hosts. While the perfor­
mance of line sharing may never be as good as direct point-to-point con­
nection, multiplexing of devic~s over a single line provides tremendous 
cost savings in remote environments (reduces modem and telephone line 
costs) and easier yet cost effective solutions for local environments. As 
the number of workstations increases, cluster controllers will be THE way 
to interconnect easily that many devices with a good cost/performance 
ratio. 
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Criteria For Selecting Software Packages For The HP3000 

By Thomes A. Wilson 

It used to be that you would buy some software, load it up, pay the vendor and 
then the reel work for MIS would begin. With the common reductions in -the 
price of hardware, there is more pressure on the software suppliers to differ­
entiate themselves from each other. This means opportunity for the MIS 
manager in charge of purchasing software. Suddenly phrases like, "Let's try it 
out; Show me; Can you prove that?" and "Tell me about your support after the 
sale" have real meaning and can play a large role in the soft ware that you 
ultimately select. 

1 feel that there are 10 objective decisions for your consideration. Having 
completed that task you will have one subjective decision yet to make. 

The following information if properly employed should lead you to a good solid 
selection that will have an ongoing positive impact on your productivity over the 
life of your selected software. 

I. Documentation - Everyone talks about documentation end fortunately 
everyone is forced to do something about it. Unfortunately the normal function 
is to do as little about it as necessary. No documentation is going to fit 
specifically within your own standards, but some common questions that have 
been asked are: 

1. Does the documentation reside on-line for quick and easy access­
ability? 

2. Can I understand the documentation? 
3. How many kinds of documentation do you have? i.e., technical, 

user, training. 
4. May J see the user documentation? 
5. What does the training documentation look like? (This is in case I 

need to give additional training classes in the future.) 
6. What does the technical documentation look. like? 
7. It is understandable? 
8. Is it consistent with any of my other documentation? 
9. Can it be changed and if so, how easily? 

As you can see there are many considerations from just one decision criteria. 
Without a specific plan it is possible to make what appears to be a good decision 
but, find out later that it was an incomplete decision that led to disaster. 

II. Trainin~ - This is a task that quite often falls on the shoulders of MIS. The 
ideal situation would be a training class given by the vendor with enough 
documentation that additional classes can be taught by a representative from the 
user organization. Some key questions for your consideration include: 

1. ls the training conducted on site? 
2. Is it classroom or terminal session oriented? (Tests show 400 

percent better retention with terminal session classes.) 
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3. Is the training documented for eusy reference und also for ongoing 
internal training? Is this documentation "user friendly" so that the 
layman can teach the class? 

If your current policy is lo not give internal training classes, you need lo know 
if additional training classes are avuilable and if so, whul are the specific terms? 
\Viii the com puny come back to you or will you need to go to them? What arc 
the charges for additional training and how long are those prices good? Is there 
u guarunteed response lime for additional necessary training? 

Troining is u very important aspect in your decision because the software 
decision you make will be openly evaluated by the end user and judged on his/her 
ability to make the system do what they want. With incomplete or poor training 
an excellent piece of soft ware will be given a miserable rating, and guess who 
will be blamed for this bad decision'! 

Ill. Service and Support -- This area is probably the one that is undergoing the 
greaiesr amoulilofchur)ge in the shortest period of lime. It is an area thnt is 
very costly for you and one where the most vendor differentiation is taking 
place. The functions to be dealt with include hot lines, trainer follow-up, bug 
requests, and product enhancement input. 

I. The most contrnversiul consideration is the utilization of a hot line 
service. ll raises the basic question of control, but properly 
implemented, con be controlled by MIS with a very high degree of 
increased productivity. End user problems have historicully been 
the problem of MIS. Countless hours have been wasted researching 
non-prohlems. Eighty-five percent of a user's problems in the first 
six months are education and not system oriented. The good vendor 
will want to respond to these questions because he or she can spot 
trends and recognize 11ecessary changes for future training classes. 
Also, patterns of questions in a multiple client relationship help 
easier and more efficient user instructions. 

2. All soft wore contains bug request facilities in the maintenance 
agreement and this is an area to verify. 

3. Enhancement input is a method of increasing your productivity. 
Find out the process undertaken by your proposed vendor and 
determine how much impact you may or may not huve in this 
decision process. Some companies welcome your suggestions and 
given that they have 11 multiplier effect will implement them as 
maintenance. Others have internal departments that are not 
interested in outside input. Ask your vendor's policy and then ask 
for proof of this policy by verifying implemented changes and 
tulking to references. 

This entire process will be a potenliul area of increased productivity over the 
next few years. II is one that is now highly people intensive and requires a high 
level of end user knowledge. In all probability, this is a luxury that you will not 
be uble to nfford in the near future. 

IV. Equipment Requirements -- This is an area that you are probably most 
cornfortabTeln ~bi.it-one tiliiThas a few pitfalls. Just becuuse the software has 
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1111 Image dala base doesn't mean that it will fit your needs. You may be 
interested in whether ii was designed specifically for the II P 3000 or perhaps it 
was converted from an IBM, Burroughs or some other system. You need to look 
at the design from an efficiency point of view. A natural question is, "What are 
the minimum machine requirements and can I benchmark its productivity?" 

V. Installation Ease -- Arter determining the efficiency of the soft ware il 
stands to rcasonthal you might be interested in how much work is involved in 
installing the package. No pnckagc is going lo meet all of your musts and wnnls, 
so I would be especially curious us to the difficulty involved in modifying what 
I was buying and also what impact if any, that it had on the validity of my 
maintenance agreement. Additional information that will have direct impact on 
the success of the installation include: 

1. Must all data be input initially in order for the system lo function? 
2. Is a batch lond facility available to initially load the data or must 

it be loaded item by item? 
3. Are there rules established lo insure that the data is valid or must 

all data be visually verified? 

Another important aspect of the installation is the ability lo identify, measure, 
and control the entire process. Ask for proofs of tirneframcs and controls, 
discuss the company's claims in this area with some of the installed users. 

VI. HP Interface -- It is important to many companies that there is consistency 
in ttiCir soft wore so the question of llP interface is important. The quest ions 
that readily come lo mind are: 

l. Will this package interface with Ropid, Inform, Query and also, 
what about purchased packages like Quick and Quiz? 

2. Can I interface with word processors? 
3. If I hook up on HP micro, can I also use it as a terminal with this 

soft ware? 
4. \Vhat are the requirements and limitations of terminal selection 

with this package? 

VII. Mu~!J!enaf)_C~ -- Whal do I get and what does il cost? Not bad things to 
determine early on in your selection process. As was mentioned earlier, the 
phone support issue is critical and becoming more so as people costs go up. What 
is the company's policy around fixing bugs, and if they are fixed do I get both 
source und object code on the fix'! What about ongoing enhnncements? Am I 
going to get ongoing improvements or am I caught up on the nickel ond dime 
treadmill of continuous additional modules? This specification can hove an 
impact on the true actual cost of your system. 

Ask the vendor to show you proof of maintenance. This should be eosy lo do 
and will satisfy any apprehension you may have surrounding mainlenunce as an 
issue. 

VIII. SecuritX -- All systems will have some form of password security and all 
security can be broken. Most end users will not have the ability to break any 
security controls so my suggestion is to check additional security features and 
their associated benefits. Things to look for include levels of password security 
and the ability to institute security to lhe data item level it desired. One 
benefit of higher levels of security is that it 'can be controlled by the account 
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supervisor und changed without huving lo involve MIS lo unload und reload the 
data buse. 

IX. ~!<l_~~~~ __ .!_11!<!~~~!1~.!_!ig -- As more end users start using the computer, 
communicution becomes criticul. The terminology used by end users cnn be ns 
frightening to the MIS department us the data processing terminology is to the 
end user. It is for those reasons that you want to determine not only the 
technical level of expertise of your preferred vendor, but also their under­
standing of the ultimate users' needs. This should include not only knowing what 
nnd why the system needs lo have certain features but also wlmt will the needs 
be in the future. llas the system been developed with those future needs in mind 
and consideral ions made lo accommodate those enhancements? If this vendor 
has passed your preliminary screens, it won't lake long with the end user lo see 
if they cnn communicate effectively. 

It would not be out of line for you lo ask if verification of this company's 
crl:'denlials is the expertise desired by your end user. 

X. Vendor Viability -- This is the area that in many c11scs is the only area 
scrnilmzecJ:~l-confond that the important aspects of this area arc as follows: 

l. How old is the compuny you are uealing with? 
2. Whal is the financial stability of the company I am dcnling with? 

(This is critical in today's economy. Whal happens if the company 
goes out of business and what is the potential proliabilily of that 
happening?) 

3. \\'hat is the gcogrnphic presence of this vendor? Do they hnve IO 
people or a thousand, and are they all located in one geographic 
area or are they occessible in many locations? 

4. What is the co111p11ny's reputation? Do they follow through on 
co111mitmc11ls? Whal about other product lines? Can I verify tLe 
company's co111mil111ent lo my needs? 

5. Will the compnny steer me to one or two special references or cun 
I get u list of clients and talk to whomever I wish? 

6. Jlow long hus the company dealt in the functional area of my 
needs? llow much do they know about my business and my end 
user's needs? 

7. How long have they dealt in my specific murketploce'/ Do they 
understand my business? How well do they know the llP 3000? Am 
I a small part of their soft ware service ond controlled by what llJM 
users want or om I afforded eq11ul treatment and consideration as 
an llP user'! 

XI. The Subjective Emotional Decision -- If I wo or three vendors happen to pass 
yotu·-screerisana- only minor criteria -differentiate them, chances are you will 
choose the company whose representative has gained your confidence. As a 
matter of fact, most software selection is made based on the relationship and 
amount of trust built up bet ween the sales person and the decision maker or 
chief recommender. This is not bad decision making on your part, particularly 
if you are aware of it before making your filllll decision. As in all business 
decisions, trust is a major consideration. Thal being the case, accept it and use 
it to your advantage. 

I truly believe that if you consciously consider all of the factors listed ubovc that 
you will do a better job of selecting software for your organization and thnt you 
will enhance your potent iul for advancement Liy measureably increasing produc­
tivity. 
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Introduction 

PLANNING AND IMPLEMENTING A CORPORATE DATA CENTER 
IN AN INTERNATIONAL ENVIRONMENT 

Norman W. Davis 
Teleco Oilfield Services Inc. 

There are many problems and complex alternatives in developing and installing a 
world-wide computer network. This paper discusses the problems and solutions of a 
rapidly growing multinational company that has central data processing control, and 
supports multiple computer sites of various sizes throughout the world. 

Background 

Teleco Oilfield Services, Inc. is a high technology company that provides 
measurement-while-drilling (MWD) directional drilling data services, primarily to 
drillers of offshore oil and gas wells. Teleco is engaged in research and 
development programs to develop enhanced MWD systems designed to provide in addition 
to directional drilling data, other data for well control, identification of 
geological structures and improving drilling operations. 

Teleco's directional MWD system includes a sensor assembly and transmitter mounted 
in a non-magnetic drill collar, and a data display unit located on the drilling 
platform. The Teleco downhole tool takes measurements pertaining to the direction 
of the well, and orientation of tools used to control the well path, and ft sends 
those measurements to the surface by inducing coded pressure pulses in the flowing 
mud column inside the drill pipe. Teleco's surface unit decodes the pulses and 
displays the measurements. This technique reduces substantially the total time 
required to take directional measurements, compared to non-MWD methods now 
conrnercially in use, and permits an increase in drilling efficiency by allowing the 
driller to maintain a higher daily drilling rate and better control of the well path 
through more frequent measurements. By permitting continuous mud circulation and 
shortening the time the drill string is not rotating the system also reduces the 
risk that the drill string will become stuck in the well. 

This directional drilling procedure is highly successful, and Teleco's MWD service 
ls the most extensively used system in the world, currently having provided service 
to more than 1400 wells worldwide. In 1979 Teleco became a public company and 
completed its first full year of conrnercial operations. Today, .Teleco's revenues 
exceed 60 million dollars, ft currently has over 700 employees, and has major 
operations in the United States and the United Kingdom, and additional operational 
facilities in West Africa, The Middle East, and the Far East. The Home Office is 
located in Meriden, CT, with two regional offices, located in Houston, Texas and in 
Versailles, France. 

Computer Requirements 

Teleco's rapid growth and worldwide organization presented major problems for a data 
processing organization. Jhe company had a variety of financial and operational 
data originating from remote locations throughout the world, with the requirement of 
processing the data first in the regions and then transmitting the data to the home 
office in the United States for final processing. To facilitate information 
gathering, remote processing and transmission of data, the requirements for computer 
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hardware varied significantly. 

The home office in Meriden, CT in the United States required a large central 
processing unit capable of supporting multiple users, many applications, and major 
software development efforts. The regional offices in Houston, TX and in 
Versailles, France required a smaller central processing unit and a smaller number 
of peripherals, yet the software developed on the larger system in CT had to be 
totally compatible. Teleco also has two large field maintenance depots, (FMD) 
located in Lafayette, Louisiana and Aberdeen, Scotland which also required computer 
capability but less than that required in the regional offices. The lowest level of 
computer requirement was for the remote locations throughout other parts of the 
world that needed data processing support on a local basis, and yet must have system 
compatibility and the ability to communicate to the regional and home offices. (See 
Figure 1) 

The Approach 

To meet these requirements Teleco organized a department called Corporate 
Information Systems and assigned it the responsibility for all data processing on a 
worldwide basis. The objective of Corporate Information Systems was to meet 
Teleco's worldwide information requirements with accurate, timely, and 
cost-effective systems. 

Because Teleco was a new company, it had not automated any of its general business 
applications, and at that time, only had a manufacturing system operating on an IBM 
System 34. Corporate Information Systems determined that the Teleco environment, 
which was experiencing rapid growth, expanding worldwide locations, and identifying 
significant information requirements, presented major dangers for a data processing 
organization. These dangers included excessive and redundant costs, independent and 
incompatible systems, lack of standardization, loss of accountability, poor data 
security, and uncontrolled growth of incompatible hardware and software. 

CIS determined that a centralized approach was required in order to avoid these 
dangers and to best meet the long range objectives of the corporati.on. The 
advantages of central control were: 

1. Centralized Systems Development - All system analysts and progran111ers would be 
located at the corporate office. 

2. Corporate Wide Standardization - All standards would be establ I shed by the 
corporate group and then sent to the field. 

3. Maximum Data Security - Data file access would be controlled centrally, one 
system manager, and centrally developed system control. 

4. Proper Financlal Controls - Corporate developed and maintained audit trials. 

5. Ease of Systems' Maintenance - Bug fixes, changes and enhancements made 
centrally then sent to the field. One source code location. 

6. Rapid Information Retrieval - Each organizational level has complete data files 
of lower levels for immediate reporting. 

7. Maximum Cost-Effectiveness - Single development staff, standard hardware and 
software, single site system support, and reduced management positions. 
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In the suniner of 1982 CIS undertook the task of developing and implementing a 
world-wide computer operation. Three major objectives were identified: 

1. Conduct a survey of the total corporate computer application requirements. 

2. Select and install the proper hardware and software to meet these requirements. 

3. Build an organization that could develop, implement and maintain these computer 
systems. 

~lcation Survey 

All user departments were surveyed to identify their application requirements and 
approximately fifty-five unique requirements were documented. 

In order to properly evaluate and assign priorities to these applications, a data 
processing Steering Committee was formed, which was made up of major department 
managers who would meet on a periodic basis and review and evaluate the individual 
applications submitted to them. Key criteria were developed, based on the company's 
long range plans and strategy, to be used by the Committee for evaluating each 
application. All the applications were reviewed and evaluated by the Committee, 
priorities were assigned, and a detailed development schedule was made resulting 
from the priority assignments. 

Hardware Selection 

During the application survey and application evaluation process, the hardware 
selection process was ln progress. The company's IBM S/34 was providing limited 
data processing support to the organization and was not capable of meeting the 
future requirements. Therefore, it was determined that a completely new computer 
system plan to meet world wide requirements had to be developed. 

A request for proposal (RFP) was developed and sent to 9 computer vendors. The RFP 
required the vendor to submit a proposal in a fixed format meeting specific 
requirements concerning hardware, software, cost, upward growth capability, 
peripherals, documentation, delivery time, benchmark test results, and a variety of 
other criteria (See Figure 2). When the proposals were received from the vendors, 
original screening and evaluation were completed and the vendors were narrowed down 
to five finalists. These five were invited in for oral presentations and a question 
and answer session before final selection was made. The five finalists were 
Burroughs, Data General, Hewlett Packard, IBM, and Prime. 

Corporate Information Systems, considering the company's total requirements and 
needs, developed 24 evaluation criteria to be used to evaluate the individual 
hardware vendor's proposals. (See Figure 3) 

Each one of the evaluation criteria was weighted from 1 to 15 points, and the 
highest possible score that a vendor could achelve was 1960. The criteria were 
weighted based upon their importance to and Impact on Teleco's objectives. Hewlett 
Packard received a score of 1864.4 with a 95% rating. Prime was second with an 80% 
rating, and IBM and Date General were third and fourth. (See Figure 4) In terms of 
price, Hewlett packard had the lowest price proposal of the five vendors. It is 
important to point out that the RFP required each of the vendors to propose and 
price the identical hardware configuration, in other words, the same number of CPUs 
in the various locations, the same number of terminals, printers, plotters, tape 
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Score 

Percent 

COMPUTER SYSTEM 

EVALUATION RESULTS 

- Number of Evaluation Criteria 24 

- Criteria Weighted from 1 to 15 

- Highest Possible Score 1960 

Data Hewlett 
Burroughs General Packard IBM 

1260.4 1490. 7 1864.4 1518.4 

64'1 76% 95% 77% 

All vendors were rated on all twenty-four criteria by all 
five members of the evaluation co11111ittee. (Appendix 1) 

Figure. 4 
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drives, etc. 

In our opinion, one reason why Hewlett Packard's rating was so high, was their 
cornnitment to total compatibility throughout their product line. Teleco's 
organizational structure required small computer configurations in the remote 
locations. medium sized systems in the regional offices, and a large development 
system at the home office, yet we requ1red total compatibility between all these 
systems. Hewlett Packard's abiity to have the same software operating on a small 
computer at the Feild Maintenance Depots, a medium size systen at the regions, and 
yet have that same software developed and operate at the Home Office, gave them a 
significant advantage in meeting our needs. For example, IBM had to bid System 38s 
at all locations in order to meet the compatibility requirement. In addition, the 
upward growth capability which was a strong requirement, again allowed HP to score 
highly in this criteria. 

After a visit to the Hewlett Packard corporate offices in California for discussions 
with management on their future plans and committments, HP was selected as the 
vendor and a contract was signed in July 1982, with hardware scheduled for delivery 
in September of the same year. I'm happy to report that HP delivered the home 
office configuration two weeks ahead of schedule, and all the additional sites 
throughout the world were delivered on schedule. 

The complete computer configuration for each of the worldwide locations consisted of 
the following equipment: The Teleco Corporate Office in Meriden, CT U.S.A., 
consisted of an HP3000 Serles 64 with three megabytes of memory, two 7933H 404 MB 
Disc Drives, one 2619A high-speed printer, a 7976A high-density tape drive, and 
approximately 65 terminals. Teleco has two regional offices, a Western Regional 
office in Houston, TX U.S.A.; and the Eastern regional office in Versailles, France. 
The Houston computer configuration consisted of an HP3000 Series 40, one megabyte of 
memory, one 7933H 404 MB Disc Drive, 2608S 4001pm printer, 7970E tape drive, and 
approximately 10 terminals. The Eastern Regional office in Versailles, consisted of 
the identical configuration as in the Western Regional office. Within each region, 
there is a field maintenance depot that also required on site computer processing. 
In the Western Region this field maintenance depot is located in Lafayette, 
Louisiana. Because of the proximity of Louisiana to Texas and the reliable 
telephone conmunications between the two locations, we were able to avoid the 
expense of an additional CPU, and made this a remote site connected to the Western 
Regional office. A dedicated lease line was established between Houston and 
Lafayette, and installed at this facility were 6 CRTs and ~ 2608S medium speed 
printer. 

In the Eastern Region the field maintenance depot is located in Aberdeen, Scotland. 
Because it would require crossing country boundaries, we felt it would be difficult 
to have a lease line between the Aberdeen facility and the Versailles regional 
office. For this reason we decided to have a separate computer configuration in 
Aberdeen. This configuration consisted of an HP3000 Series 30R, which was a 
refurbished machine yet fully warranted and maintained by Hewlett Packard. This 
system had close to the same capabilities as the systems located in the regional 
offices, but it was significantly more cost-effective. 

The CIS Organization 

During the hardware selection and evaluation process, the CIS organization was being 
fully staffed. The organization chart is shown in Figure 5. Teleco had an 
immediate need to get the worldwide con1nunications network operational as quickly as 
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possible in conjunction with the field applications. 

The critical positions that were filled first were the Development Manager, 
Operations Supervisor and Regional Operation Supervisor. We recognized that the key 
to successful regional computer operations that are controlled centrally was 
insuring that the remote locations were fully and properly represented at the home 
office. This was accomplished by the Regional Operations Supervisor position. The 
major functions of this position are to record the needs of regions, to represent 
the regions at the Steering Committee, to communicate worldwide all corporate 
policy, procedures and new software releases, and provide functional management over 
all remote computer locations. 

The Data Base Administration and Communication Specialists were the other key 
positions that played an important role in the development and implementation of our 
worldwide computer network. 

Whenever we could, we hired individuals with previous Hewlett Packard experience. 
However, we found that a good prograRJner with IBM or other vendor experience could 
become productive in a short period of time after attending the HP introduction 
courses and supplemented with some of the llP self-paced instruction packages. 

Software Development Policy 

The important factor in our computer network was the requirement to have the same 
software that was developed on the Series 64 in Connecticut be totally compatible at 
all computer configurations throughout the Teleco operation. A software change made 
to an application program at the Home Office could be communicated directly to the 
other CPUs throughout the network and immediately be operational on those systems. 

All systems development work. progranvning, and testing are done at the corporate 
offices at Meriden, CT. There are no systems people, progranmers, or analysts 
located at any of the other facilities. It is a requirement that all application 
software be compatible throughout the corporation, regardless of the requirements at 
some of the remote locations, whether it's in the Eastern Region or the Western 
Region, total compatibility is the theme throughout all application development. We 
have insisted that if a single change is made to an application program, it will be 
made once at the Home Office and then distributed throughout the network. 
Enhancements, modifications, and bug corrections are also made at the Home Office, 
tested and then transmitted back to the remote locati'ons. 

All systems management functions for the Western Regional office are handled by the 
systems manager located in the Corporate Office in Meriden, CT. However, because of 
the large geographical differences of the Eastern Regional office, we have 
established an Eastern Regional Systems Manager, who operates under the direction of 
the Corporate Systems Manager. The Eastern Regional Systems Manager provides 
support to the computer systems located in Versailles and Aberdeen. 

The HP125 

The remote locations throughout the world, which are referred to as satellite 
facilities, also had requirements for data processing on a local basis and the need 
to co111nunicate to their individual regional office. To meet this requirement we 
looked at a variety of options and systems, and chose the HP125, which can operate 
as a stand-alone micro processor and also communicate to the HP3000, as the best 
choice to meet our needs. 
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Most of the Teleco applications, both financial and operational, require the 
collection and processing of data at the remote locations, transmitting that 
information to the regional office for additional processing and regional 
consolidation, and then transmitting that regional information on to the Corporate 
Office in Meriden, CT for final processing and reporting. The HP125, with its 
stand-alone ability to provide word-processing and other business functions such as 
Yisicalc, and the Link 125 utility allowing it to operate as a remote conmunication 
device, was the perfect fit for our requirements. During data gathering at the 
remote locations, the 125 operates in a stand-alone mode, servicing both operational 
and financial applications. When it is not being used in a data entry and editing 
mode, it is used by the secretarial staff as a word-processing terminal. In 
addition, the financial staff are able to use Yisicalc as a financial tool. 

The hardware configuration at the satellite facilities consists of an HP125 with 64K 
Memory, an HP9135A Winchester Disk Drive, containing 4.4 million bytes storage with 
2481< floppy disk storage, a 2601A Daisywheel letter Quality Printer, and a 3451P 
Racal Yadic multimodem. The software available on these systems is Word/125, 
Yisicalc, Link/125 and Cobol II. 

Determining an application development strategy involved evaluation of established 
skills in the CIS Department and capabilities of the various products on the CP/M 
market. Since the primart use would be business applications, we chose Microfocus 
Cobol II. This decision along with our staffs' existing knowledge of Cobol provided 
the elements for successful project development and implementation. 

Following certain conventions our prograrnners were able to code and test Cobol 
programs on the HP3000 and then pass the source code to the HP125 for compilation 
and final testing. The Microfocus Forms II product was also used and proved to be 
extremely helpful in generating screens and skeleton programs for custom 
app 1i cat ions. 

Applications such as Accounts Payable, Field Reporting, Inventory Control, Quality 
Assurance, Budgeting, General Ledger, and Invoicing were identified as requirements 
for the HP125 and are currently being evaluated for purchase or internal 
development. 

The following satellite locations were scheduled for HP125 configurations: 

Ventura. California 

Anchorage, Alaska 

Gabon, West Africa 

Stavenger, Norway 

Singapore, Republic of Singapore 

Cairo, Egypt 

Abu Dhabi, United Arab Emirates 

The Development Approach 

Corporate Information Systems has as a major objective to meet Teleco's worldwide 
information requirements with accurate. timplu ~~d cost-effective systems. We felt 
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the best way to meet this objective was through a combination of purchased 
application software and internally developed software. We did not want to 
re-invent the wheel and were committed to looking very carefully at comnercially 
available packages to meet many of our business applications. Many of these 
applications could be purchased and used with minor modifications. Some others 
required more extensive modifications and design changes, however, we felt for some 
applications this procedure still offerred significant time-savings over total 
in-house developement. 

Application packages such as General Ledger, Accounts Payable, Payroll, Fixed Asset 
Accounting, and Personnel, were purchased systems. All other applications were 
developed by our own staff. 

The Conversion Effort 

The only major application that we had running on our IBM System 34 was a purchased 
package for our manufacturing application. This package was written in RPG and had 
been running on the IBM System 34 for approximately a year and a half. We were 
faced with the problem of either converting this system to the HP3000, or looking at 
buying a brand new package. We undertook a study to look at the two different 
options, and after a detailed analysis, the purchased packaged approach was rejected 
as too costly, highly time-consuming, and required major adjustments for the user. 

The conversion approach was selected as the most viable option. This approach was 
aided by a conversion utility package, which we purchased from an independent 
software house, McDonnell Enterprises, Inc., that provided assistance in converting 
IBM RPG to HPJOOO RPG. This utility proved extremely effective, and significantly 
reduced our conversion time over what we had originally estimated. There were 
approximately 378 programs converted from the IBM 34 to the HP3000 in approximately 
four months, utilizing two programners. Because the conversion required very little 
modification, the impact on the user organization was non-existant. 

The System Software 

We are committed to central control of all software development and testing, and the 
software systems that are available at the central site on the Series 64 consists of 
the following products: Image Database, Cobol, Fortran, RPG, Dictionary, Decision 
Support Graphics, Inform, HPWord, EasyDraw, EasyChart, DSN, and MTS. Additional 
software products purchased from third party vendors include Spread, which is a 
financial modeling and budgeting package, Opticalc, which is an electronic spread 
sheet utility, and Textpro, which is a word processing software product that can be 
used from any HP terminal. 

The User Informal ion Center 

At the Corpora.te office in Meriden, CT, we have established a User Information 
Center whose purpose is to provide data processing access to the users throughout 
the corporation who do not have access to a terminal at their location, or the 
terminals which they would normally use are unavailable. The information center 
contains a 2623A graphics terminal, with an HP7221C Plotter, three 2624B terminals, 
and one 2601A Letter Quality Printer. The software support that is available at the 
information center includes EasyDraw, EasyChart, and Decision Support Graphics for 
use on the Graphics terminal, word processing capability through Textpro on any of 
the terminals utilizing the letter quality printer as output, and access to any of 
the app 1 icat ion products through the four termina 1 s. A 11 ul 11 it ies and products 
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such as Spread and Opticalc, TOP, Inform, etc., are also available. In addition, 
the HP125, which ts the back-up and development system for the 125s tn the field 
locations, is also located in the User Information Center and is available to users 
on a lower priority basis. 

Jhe Word Processing Environment 

Teleco had a significant need for word processing capability, and at the time of the 
formation of Corporate Information Systems there already were some stand-alone word 
processing systems being used throughout the Corporate Office. We inmediately 
identified the need to control the proliferation of word processing systems and 
insure compatibility and standardization throughout the company. We evaluated the 
several alternatives for meeting our word processing needs, which included 
stand-alone word processing stations offering a variety of capabilities, linked word 
processing stations, and word processing supported through the central computer. 

After a detailed survey of our word processing needs and a careful analysis of the 
cost benefits and capabilities offered by each option, it was determined that the 
word processing approach best suited for the long-term growth at Teleco would be to 
support the word processing application through the HPJOOO. 

This decision was not a popular one with all potential users since many of the users 
had seen some of the stand alone systems, such as Lanier or Wang, and felt that they 
offered s tgnificant capabil tty above what was currently available from HP through 
HPWord. After a detailed analysis, we determined that HP was committed to office 
automation products, particularly HPWord and that many of the shortcomings currently 
tn the product would be corrected as well as many of the special features found in 
other systems would be available in the near future. Compared to the stand-alone 
units, the cost benefits of choosing the HPWord option were significant. 

We also determined that we had need for two levels of word processing capability. 
One, a more sophisticated need requiring the special features that were announced in 
HPWord II, and a less sophisticated requirement for general word processing support. 
HPWord and the 2626W word processing terminal were seleced to meet our advanced word 
processing requirements. We evaluated HPSlate to serve as a less sophisticated word 
processing product, and rejected HPSlate mostly on the basis of its lack of 
wordwraparound. The word processing product evaluation group, consisting of a 
majority of clerical support personnel, strongly agreed that in order for a product 
to be considered as a v1able word processing system it must have word wraparound. 

In looking at other third party vendor products, we determined that a product called 
Textpro, from Pantechnic, was the best system to meet our needs. Textpro had 
significant features and advantages over HPSlate, and could be run from any HP 
terminal. This inmediately gave us word processing capability at all of our 65 
terminal locations throughout the Corporate Office. Textpro was made available to 
all the regions to support their word processing requirements. 

In addition to providing word processing capability for all secretarial locations, 
we also established a Word Processing Center with a full-time dedicated word 
processing operator. This center provides secretarial support for all departments 
throughout the Corporate Office. The center uses the llP 2626W termi na 1 and HPWord. 
We have found the utilization of the word processing center to be very successful, 
and it adequately meets the typing work overflow from the various departments. It 
has also reduced the need for additional clerical staff. As the utilization in the 
word processing center increases, addit lonal word processing operators wl 11 be 
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added. 

The Evaluation 

To date, we have been extremely pleased with the performance of the HP hardware and 
software. The one area where we do feel that HP did not perform as promised was the 
~1ord processing product, llPWord. In fall of 1982 HP told us that HPWord II would be 
available. At this time HPWord II ls still not available to us and we have been 
under considerable criticism from the secretarial staff having promised them the 
capabilities in HPWord II for approximately nine months. The current problem with 
Word II to our knowledge is not the product itself, but that it requires the Qmit 
Version of MPE IV which currently is not available. 

We strongly feel that compatibility among systems ls key to successful and cost 
effective growth. Where llP products have been utilized they have performed 
successfully and have adequately met our needs, yet we felt it was important where 
the llP product did not meet our requirements, that we look to other products 
available from third party vendors. 

To date, the policy of centralized control of all data processing has been very 
successful, and we feel that we are meeting Teleco's worldwide information 
requirements with accurate, timely and cost-effective systems. 

Conclusion 

Over the next few years Teleco is anticipating significant growth, both in its 
worldwide operations and in its computer configurations. We feel our selection of 
ltP has been a proper one and that our computer systems will be able to grow as we 
grow. We are convinced that HP will continue to improve their product line and will 
be a strong computer partner for Teleco as we move into the future. 
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ABSTRACT 

FOR THE MIS MANAGER: 
EVEN IF LIFE GIVES YOU LEMONS, 

YOU CAN MAKE LEMONADE! 

Margaret F. Van Vliet 

Vice President/Information Systems 
Marsh & McLennan Group Associates 

Western Region 
San Francisco, California 

Even if the MIS manager has more than his/her share of 
problems, it is possible to contribute to business 
productivity gains beyond improving programmer 
productivity and systems utilization. Given "lemons" 
the MIS manager can make "lemonade." The key is to 
create a picture--of how things could be, to provide a 
context in which decisions are made along the way to 
getting there. Formal long-range planning is 
important, but there is a more playful approach to 
dealing with the inevitable blocks to progress and 
productivity. 

With a background in Systems Development and Data Base 
Administration, three years experience as MIS Manager 
of an HP 3000 installation have provided numerous 
illustrations of effecting change in an environment 
where systems needed updating and consolidation, where 
users were resistant to change. Some of the 
discoveries were: Often the way to go fast is to go 
slow. Follow the path of least resistance to get the 
most out of your resources; resistant users may become 
more receptive in time. Match people to task. Hire 
"doers." Direct the "bulldozer" personality into 
action. Send the "Teddy Bear" to make peace with the 
users! 
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BACKGROUND 

I will begin by giving you some background to set the 
scene for what I will share with you. A lot of the 
ideas represent my personal management philosophy and 
come from a variety of sources and experiences. I have 
used examples from my experience and hope that those 
about whom I talk will think that there is value in my 
relating these to you. It is in the spirit of 
"creating a better world." 

Marsh & McLennan Companies is the largest insurance 
broker in the world. Marsh & McLennan Group Associates 
is the subsidiary which provides group insurance 
products and administration. I am Manager of 
Information Systems for the Western Region of MMGA. 
Our headquarters are in San Francisco where there are 
approximately 100 employees. Within the western and 
mid-western United States, we have a number of smaller 
offices which range in size from three to over a dozen 
employees. Sometimes I think that we have the best of 
both worlds - being a part of a large corporation and 
working directly with a small number of users. 

At the Regional Data Center, we have an HP 3000 and a 
data processing staff consisting of seven people 
involved in programming and two in operations. Our 
major application systems provide billing and insurance 
administration support for professional association and 
trade association clients, accounting general ledger 
support and claims statistical reporting. 

My particular mosaic of qualities and experience 
includes a degree in music theory and composition, 
eleven years as a housewife, then getting a degree in 
computer technology and entering the programming field 
- that was nine years ago. My first six years in data 
processing, I spent working in large-scale computer 
environments in systems analysis and data base 
administration. Along the way, I completed a master's 
degree in "Technology of Management." Three years ago, 
when I joined Marsh & McLennan, I had my first taste of 
management and working with Hewlett-Packard computers. 
As a complement to the professional side, I enjoy 
delving into psychology, "new age" management, 
metaphysics, transformation, and occasionally I become 
"Daisey the Clown." 
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IMPROVING BUSINESS PRODUCTIVITY 

This conference focuses on ways to improve business 
productivity. We don't need to be reminded that better 
design techniques and productivity tools are important 
in improving programmer productivity. However, just as 
we can better effect system efficiency at the system 
design level than at the coding level, we need to be 
careful in deciding where to place our emphasis to 
raise business productivity levels. Two of my favorite 
phrases come to mind: 

o There ~ ~ point !.!!. doing efficiently 
something which doesn't ~eed to be done. 

o !.f_ you don't know where you're going, you'll 
~ ~ tfiere.--

Wi th those ideas in mind, to get at what really effects 
productivity we need to ask questions like: 

o Are we doing the right things? 

o Are we utilizing our people to get the 
biggest return on their time and energy? 

o Are we moving to support our company's 
business needs in the future no matter the 
current circumstances? 

Even if your company does not provide you with a 
written set of·long term goals, you can create a 
picture of what you envision for your company and the 
systems which will support it. No matter where you are 
starting from, this provides the necessary "tension" 
for creativity - the chance to create reality in the 
future which is better than today. With people 

·"walking in the same direction," stepping around the 
blocks in the way or using them to speed up the journey 
- that will increase productivity. 

In my professional life, I have been faced with a lot 
of blocks, unpleasant situations, problems. Through it 
all, I have held in my mind the picture of smooth­
running systems and harmonious, humane working 
relationships. In my personal life, there hangs on the 
wall an embroidered sign which says, "When Life Gives 
You Lemons, Make Lemonade." It was given to me along 
with a note which said: "To the best lemonade maker I 
know!" Obviously, that was the inspiration for my 
title, and it reflects part of my personal management 
philosophy. 
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ENVISION THE WAY YOU WANT IT TO BE ------------
It is important to have a picture or vision of how you 
want things to be "down the road." I have found that 
it doesn't have to be a very detailed picture. As a 
matter of fact, knowing the essence without the 
specifics leaves room for flexibility. It is important 
to see the whole picture working together. -:rhere is no 
point in seeing an elaborate system without people 
working with it harmoniously! I am not pretending to 
provide specific techniques for reaching specific 
goals. (There are books written on the subject.) What 
I do want to illustrate is the usefulness of even a 
simple picture of a more ideal future in making 
decisions along the way to getting there. 

Here are some examples of the kind of pictures I have 
had in mind while at Marsh & McLennan and some of the 
results indicating that we are moving in the right 
direction. 

o Envision: Systems consolidated into an 
integrated set of systems with like functions 
consolidated and interrelationships defined. 
(The picture is true even if all parts are not 
automated at a given point.) 

In three years, we have moved a set of old 
subsystems from a service bureau to an existing 
in-house system, installed a general ledger 
package, developed a generalized system to 
replace some client-specific-systems, converted 
a data collection system from non-compatible 
hardware to an HP125. 

o Envision: A "communication network" 
connecting people throughout the region to 
provide a greater degree of interaction. (This 
has begun without the hardware "how" being 
known.) 

We placed HP125's in four offices in the 
Region. This gave us guaranteed compatability 
and encourages interchange of ideas. HP125 
applications have been developed using Condor 
and have been transported to another office. 
One outside office is now an on-line user·of 
one of our HPJOOO application systems . 
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o Envision: A small professional Information 
Systems staff which analyzes business needs and 
participates in determining and implementing 
the best solution to support the business. 
(This might include enhancing existing 
software, selecting packaged software, 
improving procedures.) 

The quality of personnel in the department has 
grown. The perspective of the staff has gone 
from seeing prqgramming as the assumed solution 
to actually demanding a report writer. 

On a smaller scale, a good example of the power of 
picturing a situation one way and then another comes 
from my data base administration days. One of my 
fellow data base architects tended to be pessimistic 
and always prepared for battle when going to a meeting 
with programmers to work on data base design. Through 
a combination of demonstration and words I convinced 
him that preparing for battle practically assured that 
there would be one, and that if he saw the meetings as 
being productive, cooperative ventures, they would be 
more so. After a couple of successful meetings, he 
said to me, "The analyst and I come out of meetings 
smiling these days. Our boss doesn't believe it!" 

TAKE WHAT YOU GET 

Whether or not you have a clear picture of where you 
are going, life will present you with opportunities and 
problems. At that point, all you can choose is your 
reaction. The challenge is there: to let the situation 
sour or make the best of it. 

When I first joined Marsh & McLennan three years ago, 
they were just weaning themselves from the consultant 
who had provided most of the data processing support 
for some time. There were the beginnings of an in­
house data processing department with two operators and 
four on the programming staff. I was the "new kid on 
the block" in the office, the only woman manager, a 
"foreigner" from the East coast and considered part of 
the enemy (being a hiree of the new head of the Western 
Region.) Two of my employees were men with management 
experience, of which I had none, and seemed out to "do 
each other in." 

In the beginning, I saw changes which I thought would 
help streamline the operation, and I needed to feel I 
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was "earning my keep." Often as I set out to give 
users the benefit of my wisdom, the fog of confusion 
would fill the room or the idea was rejected outright. 
Hy favorite story is that I suggested they use a common 
billing form instead of a different one for each 
client. It seemed perfectly logical to me. However, 
it was met with unexplained resistance. So, I gave up 
and backed off. A year and a half later, one of the 
users suggested it, and it was implemented. Hy 
discovery was: When you feel resistance, bac~ off; 
pushing may create ~ resistance. A corollary is: 
Often the way to ~ fast .!.! to ~ slow. 

WHAT BEFORE HOW 

Not only do you have to "take what you get," but 
consider the importance of the cardinal rule: 
Determine what before how. Consider how important it 
is iil<iEi?ining system requirements, designing data 
bases, in problem solving. It supports the idea of 
having goals or a clear vision before deciding upon a 
course of action. 

One example of what vs. how comes from a meeting two of 
my programmers had with users who were responsible for 
a growing department and often fell into a "crisis" 
mode of operation. One challenge was to keep from 
merely reacting, putting ourselves into a "crisis mode" 
as well. Another was to keep the communication 
channels open, to keep resistance from growing. This 
particular meeting was to solve a problem with the 
system's data base. As the programmers presented a 
detailed list of how the problem needed to be solved, 
the users seemed uneasy about being told what to do. 
After the meeting, the programmers and I talked about 
the problem and decided that maintaining the integrity 
of the data base was what was most important. With a 
little thought, they came up with another way that they 
could have achieved that. Had they offered the users a 
choice of how we did what we needed to do, we might 
have settle;r-on a mutually acceptable way, leaving the 
users feeling more "in control" and more cooperative. 

An important point about first clearly defining the 
"what" is that you then leave room for brainstorming 
all kinds of possible solutions, finding one which will 
work and meet everyone's needs. Then you get to try 
the "how" you selected. If it doesn't work, you get to 
try another. That's part of creativity. Remember: If 
something isn't working, !:!:.I something else. 
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In the data processing field, we are always fighting 
the battle of producing adequate system and program 
documentation. What happens when we try the "what-how" 
test? Clearly, it is important to determine what we 
are trying to accomplish by the documentation:---At some 
installations, the answer must be to fill volumes. To 
me, documentation should provide: 

o What is necessary to force thinking and 
communicate information during the design of a 
system. This is working documentation and does 
not need to be "maintained." 

o What is necessary for programmers to 
maintain the system. How that is done could be 
decided based on the easiest to produce, the 
clearest, the easiest to maintain (the closer 
to the "source" the better.) 

If there is one idea I would choose to instill in my 
people, it would be this determination of what before 
how. I cannot tell you the number of times I have been 
reminded of its simple power to give the necessary 
perspective to solve a problem or approach a situation 
constructively. Keep it clearly in mind. 

LISTEN TO YOUR PEOPLE 

I am a "people person," a bias I am happy to admit. 
Although I am aware of the importance of structure, 
follow-through and other management skills and tools, I 
often provide people perspectives as my contribution to 
the whole organization working. I believe that it is 
possible for individuals to meet their own goals and to 
grow professionally while achieving the organizational 
vision. That is part of my vision. During an 
interview with a young woman who subsequently has 
become a part of our staff, I began telling her a 
little bit about each person in the department. As I 
was going down the list, she stopped me and said, "You 
really like your people!" Yes I do. 

An example of a situation which served the person and 
provided increased productivity for the organization, 
involves one of my programmers who gave birth to her 
first child a year ago. After recovering from the 
birth, she began working at home using a terminal and 
modern which we provided. She did this for several 
months, coming· into the office once or twice a week to 
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pick up listings and discuss assignments with her 
project leader. Although we didn't know how it would 
work out, it certainly seemed worth a try. The result 
was that the young programmer blossomed, learned to 
work more independently and was highly productive. 

One form of "listening" that I have found useful is 
just noticing when symptoms of "something is not right" 
surface. In one case, I assigned a project leader to 
another project, because he was becoming increasingly 
impatient with a conversion that had been drawn out and 
a user who was difficult to deal with. Although it may 
have slowed the completion of the conversion project, 
it did give a more relaxed junior member of the team a 
chance to complete the project and relieve some built 
up tension. 

By noticing another programmer's decreasing enthusiasm, 
the project leader and I decided to give her 
responsibility for working with a user department as 
they began using a new system. She has arisen to the 
cause, and we now have to look for signs that she is 
putting too much time and effort into her job! Another 
programmer, who had worked on maintenance of one of our 
systems for a year and seemed ready for a change was 
assigned to another system, thus giving us greater 
depth of support and the programmer a chance to learn a 
new system. 

We sell computer time to another subsidiary, whose 
contact person is a young woman who had been abrasive 
and persistant to the point of being obnoxious. Our 
lead computer operator, who joined our staff a year 
ago, has a wonderful way of dealing with people, so the 
complaints had lessened. At our recommendation, the 
young woman had attended an HP operations class, and 
when we needed someone to be in the computer room one 
afternoon, we invited her to "fill in." From what I 
can tell, it had a miraculous effect and she is now one 
of our most cooperative users. Based on that 
experience, in each user department we are identifying 
a data processing contact person who will be given 
additional training by our operations staff and will 
relay information to and from computer operations. 

USE YOUR PEOPLE 

Not only do you have to listen to your people, but 
carefully matching personalities with the task at hand 
can be very rewarding. When I ran into resistance with 
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the user community, I pulled back from the front lines 
and more or less patiently took a backseat. (I should 
mention that the Director, for whom I work, has been 
extremely supportive and patient as I have ca.refully 
moved my way through what has sometimes felt like a 
mine field.) Fortunately, we were able to move a 
person with a "Teddy Bear" personality in to support 
the major billing system, around which there seemed to 
be the biggest blocks. He has done an incredible job 
of gaining the users' confidence and respect. The 
users of the system are now initiating requests for 
changes to their system. 

Another member of our team is an absolute "bulldozer!" 
Although he has other qualities, I can be sure that if 
we need swift and sure action, he can be counted on to 
get the job done. 

Not only is it important to match people to the task, 
but there may be no greater productivity drain than 
trying to develop systems without the support of the 
users involved. At the time when the users of the 
primary billing system seemed resistant to any change 
or suggestion, although it was perhaps the logical 
choice for redevelopment, it would have been 
frustrating and a waste of time to attempt to do more 
than maintain it. As a result, we chose to develop a 
system whose users were anxious to have system support. 
While we were working on that system, the users of the 
other system were becoming ready to accept changes to 
their system. A key idea in achieving increased 
productivity is: Use ~our resources where they will 
allow you to achieve ~ greatest prodi.lctivity. 

KEEP IT LIGHT AND SIMPLE 
~~ ~ ~~- -~ 

We are all in the cast of characters in this drama of 
life, which seems awfully serious sometimes. Keeping a 
sense of humor can be almost a necessity. Play a 
little. My programming staff spent considerable time 
picking out just the right name for their new syste~. 
They decided on "Eagle." I'm not sure why, but as an 
American, I can't complain. Since then, we have 
acquired a couple of stuffed toy eagles, two of which 
have been presented to users, and it is amazing how 
many advertisements, pictures and posters we've found 
to add to our collection. 

Complexity surrounds us, and often we try to fight 
complexity with complexity. That's a difficult one to 
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win. Simple methods of tracking project progress, 
simple methods of documenting systems, simple solutions 
to problems. I'm for them all. Taking the concepts 
from the complex large-scale data base environment and 
applying them to the small-scale environment has been a 
challenge. 

To help prepare the users in San Francisco and some of 
the other offices for increased use of automation in 
the future, we purchased HP125's armed with word 
processing and Visicalc software. By making sure that 
the hardware and software are compatible we have made 
our job simpler from the near-term and long-term 
support perspective. Users help each other out. 
People from one office travel to another to receive 
training and make important connections. Applications 
developed in one place can be used in another. 

When you deal with computers, you deal with change. 
Change sends ripples through an organization and 
strikes terror in the hearts of us all, at one time or 
the other. from a "light and simple" perspective, one 
of the most effective tools is "seed planting." 
Whenever I get the chance, almost without thinking 
about it, I will throw out ideas to anyone and 
everyone. If you can give up having to be right or to 
get credit for an idea, watch patiently, and you will 
find people owning at least some of the ideas and 
putting them into practice. 

To support movement toward the vision, I have found it 
useful to interpret what we have done and what we have 
had to do in terms of the overall vision of what we are 
after. Why not show that you are moving in the 
direction that you intend to, to add to the momentum? 
In preparing a five year plan last year, it was 
important to emphasize the progression from an 
environment where order was lacking to one in which 
there is an increasing sense of order. Concepts like 
the "communication network" were introduced, although 
we do not have concrete plans of how that will be 
implemented. We presented the conversion of a "Brand 
X" micro-based data collection system to an HP125 using 
dBASE II as providing a "prototype" system and an 
introduction to systems for a new user. 
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SUMMA HY 

There will always be problems or situations that are 
less than ideal - that is life. If you approach your 
role as the MIS manager by creating a vision of how you 
want systems and people to interact in the future, you 
will find that you naturally make decisions in that 
context and thus insure that you move toward that goal. 
If you look at problems in the context of your vision, 
you may see them as lemons just waiting to be made into 
lemonade! It is even possible that you may enjoy the 
process and more importantly move toward that future 
you have envisioned. 
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FOR MORE INFORMATION AND IDEAS -----

These books and workshops offer a variety of 
information and ideas. They are some of my favorites. 

The Acquarian Conspiracy: Personal and Social 
Transformation in the 1980 1 s by Marilyn Ferguson. (J. 
P. Tarcher, Inc-;-LosAngeles, 1980.) This is a look at 
the transformative process which is going on in the 
world today. 

The Courafe to Create by Rollo May. (W. W. Norton & 
Company,nc-:-;- New York, 1975.) Looking at the 
creative process shows that the discrepancy between an 
idea and current reality creates tension necessary for 
creativity. 

Getting to Yes :: Negotiating ~eement Without Giving 
In by Roger Fisher and William Ury. (Houghton Mifflin, 
U"SA, 1981.) It provides good ideas for separating 
people from the problem and allowing everyone to win. 

Leadership and Mastery Workshop. (Innovation 
Associates,--P:- 0. Box 2008, Framingham, Massachusetts 
01710.) This three-day workshop presents concepts and 
techniques which support the use of intuition and 
reason in providing leadership for inspired performance 
in an organization. 

The Little Prince by Antoine de Saint Exupery. 
Tilarcourt Brace Jovanovich, Inc., New York, 19q3.) If 
you do not know this story, read it. "There are few 
stories that in some way, in some degree, change the 
world forever for their readers. This is one." 

More Time Workshop developed by John Gavin. 
(Information available through the EST Communication 
Network, San Francisco, California) A unique twist on 
time management which begins with the fact that you 
can't manage time, but there are all sorts of ways you 
aan reclaim energy which has been drained. 

!:!£ the Organization by Robert Townsend. (Fawcett Crest 
Books, USA, 1970.) A witty and wise book which is full 
of ideas about management and organizations. 
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Systems Develoµnent, Projects Life - The practical experience. 

by 

Carl O!ristian Lassen, M.Sc. 

Introducing computers to the administrative processes and 
systems for the planning, analysis and control, can be done in 
many ways. J:Uring the years the community has seen methods, 
models and developed tools to monitor the develoµnent proces. 
Almost any project has had crisis during the develoµnent phases, 
but very little has been told about these problems. 

The paper ccxnments on the threats to the succesful 
implementation in the generations of computer develoµnent. 

The paper is segmented into 11 CoDJDents on •. " 

- The E-system, the reality for future applications 
- The central batch processing 
- The first 'on line' query systems 
- The first 'real time' systems 
- The next distributed and multifunction systems 
- The first 'hybrid' system using corporate networks, mikroes 

and the evolution of 'packages'. 

Basis for the presentation is the develoµnent of the 
'E-System' - a result of the fifth generation experience, which 
includes the develoµnent towards systems which are independent of 
the hardware to be used or operating system, file system, 
compilers and canmunications standards. 
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The E-system, the reality for future applications. 

The skills developed during the experiences which are 
briefly commented in the subsequent paragraphs, helped us to 
design a new system. 

The E-System is a package to be used by many differ·ent 
corporations because it includes all normal functions which are 
used in the business administration. 

The experience with the use of data bases, index files, 
direct accessed files has also created the internal file 
structure and acces method which is far more effective than any 
other method. 

The experiences with many different brands of terminals and 
terminal handling methods has set the standard for the future 
demands to be accepted. 

The experience with the security provisions common to many 
operating systems and not satisfiing the needs for the combined 
funtionailty within a corporation has set the standard for the 
internal access control. 

The experience with the many different computers and 
operating systems has helped to seperate machine or language 
dependent functions fran the applications modules. 

The succesful help of certain methods for backup and 
recovery fran accidents and for tele communication problems is 
the basis for the design of the logging funtions. Included in 
this design is the Audit Trail, which insure that data can be 
retreived and audited. 

The E-System is the first hybrid system giving the 
flexibilty which is the wish of many corporations. Based upon the 
experience and the skills - the goals for the development was set 
in the spring of 1983, the ideas and the realisation is in front. 
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Cournents on the central batch processing. 

The central batch processing system was designed around the 
master fi.les to be updated. Often you had a few tape drives and 
with a system having one cpu, four tape drives and perhaps a 
small disc drive, a printer and card or papertape reader, you 
mastered the administrative processes from mid 60's. One 
transaction file as input containing many record types. One 
master file as input, and an updated masterfile as output. Also 
output for updating other master files was created or copied from 
the input transaction file to the output. andwere written to an 
output transaction file, which were input to another process. The 
master file was only accessed in one program, and therefore many 
rules were given to perfonn the updating in a logically correct 
sequence. 

The major threat is the problems encountered because the users 
had to remember many odd rules regarding processing sequences in 
order to understand the figures listed on periodical lists. For 
example you had to decide if incoming goods had to be dealt with 
before the sales transactions or if the opposite sequence should 
be followed. This had nothing to do with the physical handling of 
the goods, so in many cases figures on lists did not show the 
true picture. 

TI1e first 'on line' systems. 

In order to overcome some of the misunderstandings the weekly 
lists were replaced by terminals to be used as inquiry tools 
against files with data as new as the latest update run. 

1he first attempts to read more up to date information was taken 
by the bankers, They first looked into the master files and then 
in the transactions file, which would be used during next update 
run. The Key-to-Disc data entering methods gave the clue. 

- The solution will satisfy many needs, but the data are not 
'real time' correct. 
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Conments on the first •real time' solutions. 

1he introduction of minicanputers in the beginning of the 70's 
and the declining purchase price for tenninals gave some answers 
to the need for a real time processing. 1he balances could be 
updated iamidiately and the paperwork for the physical handling 
could be printed at the sane time. 

Looking through the docunentation you will find that the thinking 
about coding structures and methods followed the rules very 
similar to that of batchprocessing. 1he progranune should contain 
all 1\mctions to be applied to a given file - both the heavily 
used ones and the seldan used. 1he complications became 
tremendous as the input filters had to look for many errors and 
the progranners felt that the users needed as much infonnation as 
possible. Nobody asked how much of the infonnation was relevant. 
1he syndran was - "You got information in the file - Show it I" 
tbst of the prograones were coded as extended batch programmes, 
internal switches were used in order to try to control the flow 
through the procedures. 

After the first sad experiences with programmes which were 
impossible to maintain because everything was coded inline, thus 
making the code unreadable, the profets talked about modules, 
structured code etc. 

In this generation the major threat remained to be the 
misunderstandings as regard to the correctnes of data. Users felt 
that data were private to them and that updating perfonned by 
others was difficult to accept. 

Many hardware suppliers overestimated the capabilities of their 
hardware and software. Unanticipated expansions of memory were 
com11Dn experience. 
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Conments on the second generation 'real time' solutions. 

Following the evil discussions with users about the 
correctness of data and the difficulties in reading the 
progr·anmes and the frustrations given by the fact that there 
exists no insured connection between the programme and the 
documentation due to the lack of time to finish this within 
budget, a few solutions could be chosen. 1he Structured - 'GO TO' 
less progranming philosofy was one. 1he absolute seperation of 
the logical functions into modules or programmes was another one. 
In this case you would use one module ( Programme or procedure ) 
to perform a given task. 1hen it is easy to be sure where data 
are changed in a well defined way. And it gave the user the 
strict knowledge of where and when data were updated. It also 
gave him the control of who did the updating. 

One task - one programme. 

By coding a progranrne to perfonn one and only one task, you 
introduce a range of programmes. It is easy to canmunicate with 
the users about a particular function, and you can distribute the 
coding among many persons, as there wil be very little need for 
internal coordination. But there is introduced a considerable 
risk for the total installation for degrading the perfonnance as 
seen by the users. In the analysis phase of the project, you are 
told about the anticipated use of the functions, le how many 
times a day they are expected to be used. If you know it is true 
data, then you know the risk and can prevent any damage, but if 
this is not the case, your risk is that they use the functions 
many more times. Swapping from one function to another could 
force the closing of files, databases, even cleaning some 
workspaces etc before the new programme will open the same files 
and data bases and create clean workspaces. 1his is a costly 
process for a computer to perform, extensive access to the file 
directory, looking for free space on the discs, controlling the 
acces modes against other users or the passwords supplied against 
the security provisions. If you change functions many times a day 
the cost of the extra coding to include more logical functions 
within one physical module will pay. If only a few times, it pays 
to code the one only physical function, and if you use it for 
training of new programmers, there will be great benefits because 
the risk for error is high, but the cost to find it is very low. 
1he experiences shows that the users underestimates this swapping 
reportedly at a factor of 2.5. 

Introduce process handling to the 'Maestro' programme. 

In the IX>MI Spare Parts Project a solution was to introduce 
process handling within the most used programme. 1he users ran 
this progranme after the logon. 1his main programme creates a son 
process when the user wish to use another function. Finishing 
this special task, then the son process terminates and the main 
progranme takes over. This very simple change cut the openi.ngs 
and closes for files etc to one third and - naturally - had a 
tremendous effect upon responsetime and elapse time on batch 
processes. 
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Comnents on the distributed and multifunction systems. 

If your application is designed to support local users and 
users who are working within few of the range of applications, 
ex. order processing or accounts, then the first generation 'real 
time' system will satisfy many needs. 

The introduction of terminals to be connected via tele 
processing equipnent, modems, multiplexers, data exchanges and 
the like, or the fact that the users will have to work within 
many applications at the same time creates the important need for 
rethinking the design of the applications. 

Using public networks, telephone or datanet, restricts the 
speed of transmission between the terminal and the computer. It 
becomes prohibitive to 'paint' full screens more than very few 
times during the day, and the screen has to be used for a long 
period. It is impossible to change between a set of screens 
because the transmission of these at 1200 - 21100 baud wll take 
seconds after which the user enters data in a few blanks, 
transmit this and wait for the validaton and the answer to refill 
the screen, then again •enter the acknowledgement, blank the 
blanks and enter new data. In many cases the user wish to change 
the screen to another and a long wait is introduced. Solutions to 
overcane this could be to merge many screens to one common layout 
or to buy more expensive terminals to store the screens locally 
and just paint on demand fran the application. In both cases the 
task of coding the progranmes becomes more tricky and risky. 

Applications designed for departments with few tasks could 
use first generation 'real time' methods. When the size of the 
canpany to support declines, there will be very few persons to do 
the data handling. DCltI supports large departments and - within 
the same system - also outlets with only one or two persons 
perfonning everything. This means that they will have to use the 
whole spectrum of functions. They will prefer to use them true 
'real time' with no waiting time, and they will switch between 
the functions for every new transaction. This forces the 
application to be capable of dealing with every file in the whole 
system and to support every transaction type within one 
progranme. The D-system at OOHI contains ca 120 different •real 
time' functions, the user accesses 15 databases and files, giving 
a total of 75-85 physical files. The average use of a function 
before another one is used is as little as 1.2 entered 
transactions. 

The method is to use of one Main Prograome which calls the 
demanded procedures from · the Segmented LI.bray - SL. The main 
progrBllllle reads the terminal and decides which function the user 
actually uses and call the relevant procedure. The use of a user 
controlled data entering method - Key the transaction as one line 
of characters using a field delimiter sign, or ask the programme 
to prompt by field for a defined transaction type - gives the 
fleksibility to cope with the different experiences amongst the 
users. In paranthesis - the main programme also supports V/Plus 
screen handling, but we did not install HP terminals or wanted to 
create the overhead involved. This system supports any terminal 
which can be hung to the HP3000 • 
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This generation uses methods for datacommunication build 
around public telephone lines, modems, multiplexers etc. It saves 
a lot of money to use these boxes, but the quality of 
transmission is only fair. As very few organisations employ 
persons with considerable knowledge about data communication the 
reliability is a must. And it is not the experience with these 
systems. 
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Conments on the first generation 'Hybrid Solution'. 

The 'Hybrid' solution includes the elements of a central 
data center, remote minies and mikroes, a corporate network to 
connect these locations. 

The 'Hybrid' solution also introduce the flexibility to 
include hardware and software from many different suppliers. 

1he 'Hybrid' solution gives the user the flexibility to 
decide if access to central files should be employed immediately 
or could be deferred to next time more important data are to be 
transmitted. 

New technologies -Packet Switching and Circuit Switching 
networks will replace the leased or dialed up lines and offer 
better quality, higher speeds and sevices. The design of the 
applications will change. 

The outstanding develoment of microprocessor technology 
giving local perfonnance and storing capabilities at fairly low 
cost will force the applications designer to rethink the methods 
to be used when data are to be distributed. 

The facts about the need for data in the local environment 
compared with the corporate need for total infonnation, are the 
criterias for design of the application. 

The prospects of the use of the hybrid solution includes 
the capability to store data on a central system giving the 
corporate management the data for control and analysis and 
budgetting. The decentral user will have acces to his data 
through a network. Those users who always need instant response 
to a query could use a leased line, or a call through a Circuit 
Switching network. The local processor should be capable to 
decide when this communication could best take place. 

The local processing could include the printing from a file 
to the local printer, entry of data which nonnally are controlled 
using hash totals, entry of data when validation could be 
deferred to a point where the call through the network is cost 
effective, the typical mikrocomputer tasks and logging of all 
activity on a local basis. 

The result is that in the future, smaller outlets will be 
included in the network as the costs are very small. It will give 
the possibility to decide for every outlet how to perform the 
administrative processes based upon local needs and not on 
corporate system development strategies. 

As compared to earlier system development methods, the 
complication of the new hybrid systems may be much bigger. 

As result of these experiences we present the above 
mentioned E-System, the fifth generation total and high 
performing administrative system. 
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References which could be read in earlier conference papers or 
articles 

"1he way to the Right Solution" 
Article by Carl Christian Lassen, Supergroup Newsletter July 1982 

"Experiences with the SL Techniques, easing the Development and 
Maintenance Burden" 
Paper by Hanne Hansen at the IUG Copenhagen Conference 1982 

"!low to get a high-performance Order-File" 
Paper by llanne Hansen at the IUG Edinburgh Conference 1983 

"Centralized Data Base Access" 
Paper by Eric Wendelboe at the IUG Copenhagen Conference 1982 

"Solve your Problems wi.th Imagination" 
Paper by Eric Wendelboe at the IUG Edinburgh Conference 1983 

11 Neop1yte in a Turbulent Environment" 
Paper by Jens 0rllD at the IUG Copenhagen Conference 1982 
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INTRODUCTION 

COMPUTER HEUATRENDS OF THE eo•s 

AFFECTING BUSINESS PRODUCTIVI1'Y 

BY: Barry Klaas 

Rapidly evolving trends are painting the picture of what lies ahead in business 

computers. The megatrends in the computer business in the next ten years pro­

mise to jolt the thinking of many traditionalists. To those who are flexible, 

follow the trend and respond, business productivity improvements will result. 

To ignore these trends could mean failure. This presentation conceptualizes 

these major (mega) trends in the computer industry as seen from within Hewlett­

Packard. An exploration of computer technology and its economics, coupled 

with shifting user requirements will remove some of the clouds as to where we 

are destined in the 80 1 s. Those who are thinking and planning ahead in the 

2 to 10 year range should find the information on the trends and conclusions 

drawn most interesting. 

Megatrends ••• let's have a definition. Hegatrends are the trends that are re­

shaping the world. Today we will cover those that have impact on oontribution 

of the computer industry to improving productivity. Here is a list of the 

megatrends expressed in this session: 

o The value of information is increasing and we are moving from an industrial 

based society to an information based world. 

o The economic impact of new affordable technology coupled with an increased 

emphasis on individual oontributions and self reliance, and democratic 

participation has facilitated a massive decentralization, a movement away 

from hierarchies to decentralized networks. 
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o The advent of "high tech" has led to a concentration of focus on the human 

touch, The adeptation of "high tech" is coupled to willingness of people 

to accept it. 

o The resources of business are becoming more mobile and sharable on a global 

level, Data communications is a key to supporting this trend. 

As supporting evidence that these megatrends are taking place, consider these 

facts recently developed by International Data Corporation. Let us examine 

the mindboggling state to which the computer has brought us: 

o Over 5 million computers inhapit the earth. By 1987 there will be over five 

times that many, Computers are right now being shipped at the rate of one 

every 8 seconds. 

o The collective electronic brainpower (instructions per second) capacity of 

computers installed doubles every two years. 

o Five years from now there will be over 50 lllillion electronic keyboard 

devices - computers, terminals, office systems ••• in the u.s., almost 100 

million worldwide. 

o Yearly worldwide investment in computer hardware, software, programming, 

and services is over $180 billion. By 1987 it will be close to $500 

billion. 
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The advancement of oomputers and "high tech" is so rapid that as one wag 

puts it, "the wind blows in over Calif9rnia, picks up some sand (Silicon), 

a few hours later it is raining computers over the rest of the country." 

MATCHING NEEDS TO CAPABILITIES 

The evolution of computers has led to a wide range of choices for us. Some 

users prefer personal computers, some departments want to manage their own 

system, and division or corporate level systems re~uire a broad range of power 

and functionality. Can these diverse requirements be tied together? 

The successful computer vendor must match the organizational structure of our 

institutions. This means a matching of needs at the individual, department or 

office level, and at the division or corporate level and tieing these capabili­

ties with common software, sharable data, and a flexible network. We are going 

to look at a diagram of this represented by three overlapping ovals on a price­

performance matrix. 

l'he first area represents personal computer needs. Prices for business P .c. 1 s 

typically start at $2K and fully configured P.C. systems reach up to $10K. The 

multiple user systems are above $10K today. The office oriented departmental 

systems support for 2 to 100 or more users and range upwards to $100K. The 

systems capable of supporting divisional or corporate requirements from HP 

are targted not to exceed $200K at entry level configuration and would support 

connection of up to qoo or so terminals, 
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Our analysis shows the prices associated with these areas to remain constant 

over the immediate future while capability and functionality double every 

18 to 24 months. The more the system is associated with satisfying personal 

needs the more it must be perceived as a tool that extends and expands the 

individuals ability to do their job, Concentration on satisfying self­

reliance needs, elimination of computer technical knowledge requirements, 

humanizing high-tech, and matching the learning patterns of the user will 

be keys to success. 

The trend is to supply software across the organization for all these. systems 

which is compatible at the application level. The benefit to the user is that 

he can transfer and transport what he has learned across these organizational 

boundaries. This, however, poses significant challenge to vendors. For vendors 

who create, supply and support the hardware, operating environment, and appli­

cations at each level, the task of transportability with compatibility is 

complex but easier than for vendors who concentrate on or control less than 

the whole spectrum. 
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HEGATREND fl 

The 80 1 s and go•s represent a •megashift" from an industrial to an information 

base society. 

Thia is not a forecast but an extension of current fact. Less than 20J of the 

U.S. work force is employed in direct hands-on manufacturing. 

On a functional basis 60J of the same workforce produces or processes infor­

mation as a key function of their job. Manufacturing has become mobile ••• 

able to shift from one geographic location to another in response to com­

petitive pressure and facilitated by advanced replicated information systems. 

Traditional industrial production is falling off in the prime industrial 

nations but a strong surge of "high-tech" industries providing better solutions 

in making information available are filling the voids created by pre-computer 

age industry. 

Information is replacing hard goods. The value of information is both supp­

lanting and supplementing the value of goods. Just as information regarding 

nutritional value influence the selection of foods to meet more informed 

needs and enhances the value of the food, so too information about the changing 

needs of the customer influence the selection of what to produce and enhances 

the chance of a successful sale. A happier customer whose needs are being 

better met because of better information about the customer is likely to 

willingly pay a premium for that satisfaction. 

So, cheaper manufacturing is moving the production of goods to new places in 

the world but the success of a product depends more and more on the information 

that tells whether customer needs are met and satisfied (as a recognition of 

what is valued and needed by customers and what satisfaction your product pro­

vides in meeting the values and needs). 
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HEGATREND 12 

Every high technology introduction requires a clear identification of the 

human b~nefit or the technology is likely to be rejected or limited. 

The advent of computer technology in the office and on a personal level can 

easily be met witb resistance or rejection. Acceptance by large portions 

of the population of new technology requires developing a positive mental 

attitude about it and a willingness to adapt to it. Technology that creates 

more frustration or intimidation than satisfaction will be slow to advance. 

Completing a job sooner, more complete coDMDunication, a deeper understanding 

of the basis for a decision, or more time for person-to-person inter­

action can be reasons for acceptance of technology. All highly successful 

computer products will be highly human engineered in the 80 1 s. As a 

telephone (or a pen or a pencil) is considered a basic tool for office workers, 

so too should computer products be designed to be seen as easily acceptable 

tools to help get the job done. Computer based tools will be highly accepted 

when they are devoid of computer knowledge requirements and easily applied to 

a variety or tasks where the user perceives the high tech tool as an extension 

of their work environment. 

HEGATREND 13 

Centralized structures are declining. We are decentralizing and growing 

stronger from the bottom up. 

Resurgence of productivity through computers is taking place at the level of 

the individual •••• whether that person is an engineer, a manager, a secretary, 

a progranmer, or a president. Information is no longer clustered at one 
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central source. With delegation of responsibility and accountability comes 

the delegation and distribution of information associated with it. In cas­

cading sequence, information centers develop at corporate, division, department, 

and individual levels. 

Top down solutions no longer prevail. The power and resources for dealing with 

problems are building at the grass roots level along with the computer resources 

available to the individual. Concurrent with the availability of more powerful 

compuler based tools is a resurgence of self-reliance. Taking responsibility 

for one's own destiny in using information tools continues on the upswing. 

Related to this trend is the fact that in the decade from 1977 to 1987, the 

acquisition of computers by departments other than MIS will have grown from 

lOJ to about 40J of total purchases (based on dollar value). 

HEGATREND #4 

We are moving from hierarchies to networking. The computer evolution is !ead.­

ing to new management philosophy and information management structures. 

Networking is a consequence of rise of the value of information and the 

increase in jobs which have an increased information content. Co111Dunications 

technology has kept pace with increased demand for more flexibility and 

functionality. Networking allows its participants to treat each other as 

peers because information has nothing to do with status in a hierarchy. 

Sharing of information between different levels and across organizations levels 

can easily shift an artificially contrieved structure to a more realistic 

cooperative structure. 
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INDUSTRY TRENDS THROUGH THE YEAR 2000 

Now let's talk about in a global sense what's happening to the tota! industry 

and get the sense of the trends that are affecting us, you, and everyone else. 

We're going to look at a diagram that goes from the l970 1 s to the year 2000. 

On this axis we represent the dollar value of all installed computer systems, 

including personal computers to the largest mainframes. 

In the 1970's, there were really only two segments to the marketplace: the 

mainframe marketplace and the mincomputer marketplace. What economists tell 

us is that through the future, the mainframe marketplace is expected to flatten 

out in terms of the installed value of the computers while the rest of the 

market will be expanding tremendously. Let's characterize this upperhalf. 

In the late 70's, the personal computer market began to grow. We expect that 

we are going to see tremendous growth for the personal computer market. 

Also, in the seventies, there was a substantial growth of superminis. These 

were really systeDIB of mainframe power running in a minicomputer environment: 
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a less complex environment, a more friendly environment, easier to use and 

really akin to distributed processing concepts. As we grow in the next 20 

years the supermini area is going to expand. As well, of the micro and mini 

areas are going to expand. In the minicomputer market, there are three 

of segments: the lowcost minis with anywhere from 2 to 40 terminals, 

the midrange with 40 to 100 terminals, and the upper end with anywhere from 

100 to 200 or more terminals in the supermini area. 

But that isn't the importance of the characterization that I want to get 

across. What's really important about these two areas is the dividing line 

between the mainframe and the rest of this marketplace. The mainframe market­

place requires substantial technical resources to make it succeed. That is, 

a lot of well-trained system and application progra111Ders, and data commu­

nication experts will be required. These are people that are becoming 

more and more scarce. If you look at our ability to produce enginers, computer 

science people, and programmers in the future, we are really limited compared 

to the demands that will be made for these individuals. Therefore, in this 

marketplace which demands a great deal of programmer resources, the key to 

success is programmer productivity because you won't be able to get the number 

of these people resources you want •• they Will be scarce, they will be limited. 

Computer futurist James Hartin has predicted that by 1990 computers will be exe­

cuting 93 times as much code as exists today, resulting in a need for 27.9 mil 

progra111Ders to create that code if there are no improvements in progra111Der 

productivity. Therefore, there is a major emphasis on productivity. It 

must be increased at least 2 1/2 times per year from here on out. Not only are 

programmers going to have to be more productive, but the software that is 
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supplied to the industry has to become more productive, more readily available, 

more readily installable, and much more universally applicable. This applies 

even more so to the smaller less expensive systems in the market where instead 

of progralllDer productivity, user productivity is essential. User software, as 

well as systems, must be user-oriented and friendly with an abundance of 

"easy to use" features available. 

Let's look for a moment now at the economics of what is represented in the 

marketplace. I'm going to contrast, if you will, a 1 HIP CPU with the cost of 

one person. The data used is an average from Hewlett-Packard including 

benefits. We're using the 1 HIP CPU here because 5 years ago when we were 

thinking about the design of the Series 64, we targeted it for its on-line 

power to be equivalent to the IBM 370/158. The 158 in the early 70's was one 

of the most powerful systems available. I'll position it in this diagram in 

the mainframe segment. By the year 1980, that system had migrated into the 

supermini segment. By the year 1990, the power of a 158 will be located in 

the low cost minicomputer segment. And before the year 2000, the power of a 

158 will be located in the personal computer segment. There ,are a number of 

lines which go through these curves which represent migration of computer power 

as more powerful technologies and lower costs become a reality. Mainframe 

power will be migrating to a personal computer. In fact, if we use the analogy 

if the auto industry did what the computer industry has done in terms of price/ 

performance, you'd be able to buy a Rolls Royce for about $100 and get about 

20,000 miles to the gallon. 

The cost of a l MIP CPU in 1970 was over $1 million. The cost of that same CPU 

in 1980 was around $480,000. In 1982, HP came out with its first 1 HIP CPU, 

the Series 64, at a price of about $220,000. By the year 1990, the industry 
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forecast is that a i HIP CPU will coat $25,000. And by the year 2000, it will 

be priced under $10,000. Now, let's take a look at people, In 1970, the 

average coat for one individual was $16,000. In 1980 1 the cost had risen to 

$27,000. By the year 1990, we project the cost to be $q9,ooo. And by the 

year 2000, we will be looking at cost being between $70,000 and $80,000 per 

individual. Think back. When you justified a computer back in the 1970's, 

what was the basis for your decision? The basis went something like this, 

we need a $1 million computer with the power to do the job. What we need in 

order to make this computer a very efficient and productive resource is a lot 

of these resources here, skilled people who can make this resource (computer) 

very productive. By 1990, there will have been a dramatic change. The value 

of the individual at a one year coat will be much higher than the purchase 

price of a 1 HIP computer system. Return on investment for computers will 

be based on improvements to the efficiency of people rather than improvement 

in computer efficiency. 

The ability to get more productivity from people, your most costly asset, will 

be the focal point. The hardware of the computer in 1990 in itself will not, 

with it's low cost, provide the ability to leverage and get the most out of your 

people. What will provide productivity will be software. The whole industry 

will benefit from lower hardware cost. HP is following this path by lowering 

its cost of hardware at a rate of 25% per year, or providing at least 25J more 

performance at the same price, In fact, HP is one of the leaders in the 

price/performance race, By 1986 for example, we intend to introduce a l HIP 

CPU for $25,000 -- q years ahead of the industry forecast. We're involved 

with two R & D projects now in our labs which have produced VLSI circuits 

that have a half million devices on a quarter inch square piece of silicon. 
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This more than twice what our neighbors here in Silicon Valley are able to 

produce on the same chip. We are able to do this because we have made some 

breakthroughs in the design of circuits as well as in the equipment that 

produces those circuits. We have developed a new X-ray lithography device 

which is able to get circuit lines very close together, which is the limiting 

factor on how dense you can make a circuit on a silicon chip. We're able to 

narrow the circuit lines on the chips to be within about 2 microns (one 

millionth of a meter) of each other, With technologies like this, HP will 

be able to achieve these types of economics ahead of almost everyone else. 

Not only is hardware going to differentiate leading vendors but the capability 

functiona!ity, and quality of the software will have an even larger impact. 

Five years ago, HP invested about 70J of our R & D dollars into hardware and 

30j into software. Today, it is exactly the inverse of that. We're investing 

70J of our R & D dollars into software and 30J into hardware. Our contribution 

will be that the software will be exceptionally well integrated in the whole 

system. 

These future trends tell us that those companies that will survive in this 

business are going to have to supply a lot of very good software that helps 

both users and prograD1Ders improve their productivity. These are areas where 

both users and suppliers need to focus. 
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Decentralising the l>P function 

Nicholas II. Cuthbert 

Group Chairman 

Jade Computing Group 

Declining hardware costs, increasing self-confidence of 

users, and developing technologies have provided compelling 

reasons in the minds of many managers to bring distributed 

data processing into their organizations. Rather than let it 

spread almost. randomly, managers who recognize the strengths 

as well as the pitfalls of distributed data processing are 

seeking lo establi;;h coherent policies and procedures. I shall 

define distributed data processing in terms of responsibilities 

for managing all phases of information processing. I will also 

provide a framework which companies can use to evaluate 

alternatives and to develop a distributed data processing 

strategy that matches their organizational structure. 

In essence, distributed data processing involves the 

exciting prospect of assigning responsibility for data 

processing related activities so that both business and 

technical knowledge can be applied more readily to the 

achievement of an organization's goals. 

The move to distributed data processing is possible today 

in large part because of the drop in cost of computer hardware. 

Mini- ;:rnd micro-computers are becoming so inexpensive that it 

is quite reasonable for a company to buy three, four or even 

more small computers to do the work previously performed by one 

central computer or lo automate activities previously performed 

manually. Whereas, in the past, economies of scale may have 

driven a company to use one large data processing centre to 

perform a wide variety of services, a company now might employ 

several different computers in different locations to provide 

more specialized services. Management can now arrange data 

processing facilities with much less concern for hardware costs. 
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·rechnical developments are also responslble for the recent 

practicality of distributed data processing. Major innovations, 

priP1arily in the areas of telecommunications and data base 

systems, have ushered in many new capabilities. Improvemflnts in 

both hardware reliability and software have made possible the 

building of very sophisticated computer networks, and direct 

link~ from computer to computer are now common. Tasks which 

have been handled in large data centres may now be split into 

subtasks and these in turn may be farmed out to remote sites. 

So to summarize the current position. Declining hardware 

costs, improving communications and data base capabilities, and 

the growing data processing experience of users are prime 

factors behind the move to decentralized data processing. 

To take advantage of the power of decentralized data 

processing, managers need a clear conception of the complexities 

of using and managing the computer resource. Yet managers at all 

levels too often finu i:h(,ms~lvcs ii' difficulty because of their 

overly simplistic understanding of data processing, which they 

see chiefly as a collection of machines and technical issues: 

and oddly enough, DP managers sometimes are the worst culprits. 

How can a manager avoid the pitfalls of the narrow virw 

and systematically plan the placement of DP responsibi lilies? 

Primarily, he or she should recognize and wo1·k with two very 

fundamental assumptions: 

(1) information systems should match a company's structure 

and strategy; 

(2) activities that support information systems are wide 

ranging and seperable. 

These basic notions are not only a good general way to 

understand the data processing resource, but they also allow us 

to build a framework for describing and planning distributed 

data processing systems. 

To n1ost technicians, distributed data processing simply 

means the spreading of computer hardware and data to multiple 

sites around an organization. 'fhis definition is deficient, 

however, because it overlooks a wide range of activities that 
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help make information systems work, and furthennore it neglects 

the linkage of information systems to strategy and structure. In 

effect, its technical ~ricntation leaves general managers out of 

discussions about the design of distributed data processing 

systems. 

A broader definition acknowledges that data processing is 

an organizational resource consisting of many areas of activity, 

each of which may be executed or controlled by various individuals. 

These activities, or areas of responsibility, can be spread across 

an organization in a variety of ways, and a manager should 

carefully consider the appropriate degree of decentralization for 

each of them. Assignment of responsibilities by default seldom 

works. 

Let us now look at the historical concept of decentralized 

data processing. As we are all aware computers were designed by 

scientists for their own use. The replacement of punched card 

tabulation equipment in companies by computers was an inevitable 

progression. Oecause, in the main, the punched card tabulation 

equipment was used as a replacement for accounting machines the 

computers came to be regarded as faster accounting machines. 

When the cost of computers started to fall they were used in 

subsidiary companies as faster accounting machines. Later still, 

with the advent of minicomputers, branch offices were computerized. 

The net result of this exercise was to distribute computer power 

as shown in dlagram 1 below. 

Head office 

Subsidiary companies 

Oranch off ices 

We must now ask ourselves, does the above structure reflect 

the structure of the company and its strategy. The answer is a 

resounding NO. It reflects the empire establlshed by the 
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accountants in the organization. 

The relationshi.p between structure and businesR plan has 

many dimensiom;. The key to a good design for an organization 

is not only the match between strategy and structu1·e but the 

rnore complex match involving strategy, structure, and othP.r 

administrative systems. Today many of these administrative 

systems are embodied in computerized informatton systems, which 

assist management in controlling and coordinating most of the 

activities of modern, large-scale organizations - tylng together 

the efforts of diverse departments that pursue different but 

complementary ends. 

Yet computer applfcations in general have been so specialized 

that many organizations - the data processing profession along 

with them - have overlooked potential, and more general, roles 

for information systems. Information systems are not simply 

labour-saving devices that support the activities of people in 

one or more departments. Rather, they are control and coon'lination 

devices that should fit an organization's tormal structure and 

fact.lit.ate achievement of its business goals. 

Most information systems are desiqned to play such i·oles, 

and it is worthwhile to re-examine them in that light. Consider 

the following typical situations: 

- Production managers must maintain control over inventory levels 

to ensure that operations are not interrupted by sudden depletion 

of parts. Tbey often establish this control by use of a computer 

stock control system, which, when coupled with formal procedures 

for requisitioning parts from the store, signals when inventory 

levels are low and in some cases even orders new parts auto­

matically. 

- Managers must coordinate the activities of sales with production 

so that when a large influx of orders come in production levels 

will rise to meet the demand. Managers often achieve such 

coordination by tlsing an automated order entry system that 

processes sales orders and then, to fill these orders, updates 

the production schedule. 
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In the first case a computerized information system is used 

to CON1'ROL an .important facet of operations, whereas in the 

second a system is used to COORDINATE different activities. In 

both cases the information systems fit the structural and 

strategic features of the organization. 

To match information systems with the organization they 

serve, careful attention must go into planning the arrangement of 

tlm data processing resources that develop and operate information 

systems. 1'he purpose of such a framework, in general, is to 

divide the overall problem into interrelated sub-problems so that 

each can be solved seperately while it contributes to an overall 

solution. A framework may also be used to provide a system of 

measures by which to compare organizations or assess the impact 

of organizational change. 

My organizational model contains seventeen identified areas 

for which responsibilities must be assigned in varying degrees 

between the user and the central data processing group. They are: 

- llardware operation 

- Telecommunications 

- Systems programming 

- Application systems maintenance 

- Data base administration 

- Application programming 

- Systems analysis 

- System documentation 

- User training 

- Providing security 

- Setting priorities 

- Standardizing tasks 

- Accessing data 

- Scheduling tasks 

- Personnel planning 

- Budgeting 

- Evaluating products 

Each of these areas must now be broken down into thei t· i terns of 

responsibility and I have set out below three examples of this 

break-down into constituant items: 
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!.@rd'6'_!lre ~ration: 

- prepare source documents 

- manage data entry 

- operate satellite processor without data base 

- operate satellite processor with data base 

- manage independent facility 

Data base administration: 

- control source aocuments 

- determine data requirements and conventions 

- carry out logical data base design 

- carry out physical data base design 

- set and enforce conventions for data access 

- manage all data bases 

Evaluating performance: 

- collect performance data 

- define performance requirements 

- monitor performance 

- determine appropriate response 

In a centralized environment most of the items shown under 

each of the headings are administered by the DP manager and his 

staff. However as you decentralize these items progressively, 

from top to bottom, become the responsibility of the user. 

To give an example of how the above framewor·k is used, if 

the user has technical people who perform data base activities 

up to and including the physical design of the data base, then 

he or she is most likely responsible for logical data base design, 

the determination of data requirements and conventions, and the 

control of source documents. Similarly, the DP manager at some 

data centre performs the remaining tasks, setting and enforcing 

conventions for data access based in part on the design and, ln 

general, managinQ all data bases. 

One should recognize that management can control and co­

ordinate activities not only by direct supervision but also by 

establishing comprehensive guidelines or standard operating 

procedures. 'l'he technical concerns of data base adml.nistrators, 
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for example, are co~ttonly controlled in this fashion. Their 

l·esponsibilitics can be either centralized in an individual or 

a group, decentralized but constrained by centrally designed 

standards, or decentralized with virtual independence. In the 

future, the second approach, that is, decentralizing the data 

base administration activity while using centi-ally established 

standards, will probably become increasingly important. In this 

way, the OP manager can define comprehensive standards that can 

be enforced by top managers oi- a highly placed steering 

crnrunittee and that can be used in a decentralized otganization 

to fll"Otect lhe data processing department fi:-om excessive 

control by the user. 

The framework just described equips us to look inside our 

own organizations to see to what extent each ai:-ea of data 

processing activity is decenti:-alized. By examining the complete 

set of activities, we see that decentralization of some tasks -

be they technical or managei:-ial - is a common occurence and 

that even classic types of infoi:-mation systems, such as stock 

control applications run on centralized co1nputers, al"e supported 

in part by a variety of decentralized, or usei-, activities. Thus 

we can say that even these classic infol"mation systems represent 

a distribution of Information processing responsibilities. 

As we have seen, dist"ributed data processing has implications 

that go beyond conventional approaches of applying computers to 

business. Although on the surface it appeal"s to concern itself 

solely with the ai:-rangement of computes:- hardware and data around 

an organization, at a deepei- level lt involves the management of 

a wide array of activities that go into the development and 

opei-ation of computerized infoi-mation systems. 

Managers can organize lhese activities in many ways, and 

the choice they make should i:-eflect the strategic and structural 

decisions they have made befoi:-e. 'l'hus, even if their infonnation 

system design leaves hai-dwal"e at some central site while 

assigning a few data processing tasks to users, their system is 

in some sense distributed. 

According to lh!s more general definition, nearly all 
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computer applications are distributed. And, indeed, to ensure 

that information systems fit an organization, data processing 

should be distributed. Managers should concern themselves now 

with the question of how they can best distribute data processing 

for the information systems they require. 

Information systems can support an organizational structure 

by strengthe0oing conununication lines and clarifying measures of 

performance. To achieve this, managers may choose to decentralize 

systematically the component activities of data processing 

within their organizations while paying close attention to 

overall business plans. 

Once managers agree on the advantages of distributed data 

processing, where do they go from there? How do they plan for 

distributed computing to ensure that strategy, structure, and 

information systems match? Too often either management's planning 

sessions consist of intense technical advising, not to mention 

lobbying, or there 1a no planning at all. In some cases, 

management involvement and approval ar~ carefully skirted. When 

managers are involved, often their thoughts are overly influenced 

by cost considerations. They tend to approve some plans solely 

on the basis of the potential for reducing operating expenses, 

and they tend to accept others because they arc easy to use and 

do not require a staff of computer professionals. 

Whereas promises of cost reduction or work simplif icatlon 

may be paramount in a go-ahead decision for a new information 

system, other factors are also critical, such as the availability 

of technical talent, the degree of coordination between users and 

programmers on project teams, and the careful construction and 

enforcement of standards. Unless managers have analytic 

techniques for assessing these other factors of a f)fl strategy, 

they will be severely hampered in their planning1 1rnccess wi 11 

depend on luck or on prodigious efforts to rescue a badly 

' planned venture. 

Jn developing systems lo suppor·t administrative activH.ies, 

companies tend to go through a process that reflects, among 

other· things, 1nanaqement.'s qrowing sophist.icat.1011 in tho use 
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and control of computer technology and the organization's 

ability t.o use new management methods, a process of ten referred 

to as "organizational learning". 1~e finding that the data 

processing budget of a number of companies follows an S-shaped 

curve over time prompted the hypothesis that there are four 

major stages of data processing growth, each with its own 

characteristics, problems, and opportunities. 

The introduction of administrative innovations often 

produces these growth curves, and of course where we find them 

depends on what we measure and control and what kind of changes 

are possible. llowever, the use of distributed data processing 

as one form of administrative innovation has the potential of 

producing complex innovative disturbances, or dynamics, within 

the organization. 

Let us now use my organizational model as a measur.ing stick 

to assess the way a company organ.izes its data processing 

resources. As we can see from the model, the data processing 

function involves many kinds of activities. Some are technical 

and some managerial, and the analytic separation of execution 

activities from control activities reflects this distinction. 

For execution activities, we then distinguish the technical 

tasks associated with systems development from those supporting 

systems operation. The result is a four-way split of data 

processing activities into execution of development, control of 

duvelopment, execution of operations, and control of operations. 

It is probably easiest to illustrate the shift in control 

which occurs when an organization choses to move to distributed 

data processing by looking at one minute area within the data 

processing organization, that of hardwtlre maintenance. With a 

centralized DP function the question of responsibility for 

hardware maintenance falls squarely on the shoulders of the DP 

manager. But what if hardware is procurred centrally for 

distribution to remote sites in sever·al states, or in a European 

context in several countries. Who is then responsible for the 

maintenance of the hardware? I am not looking specifically at 

llewlctt-Packard now although two different problems do arise in 

the area of maintenance on HP equip111ent. If one purchases from 
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a central point machines which are to be installed In say Brazil 

and Argentina then you are forced to decentralize responsiblljty 

for the maintenance of these machines. Similar problems could 

arise in Europe with the distribution of standardized software 

within an organization. f'or instance what language do you une on 

report headings? 

Our organizational model can be used to clearly define the 

distribution of responsibilities in each area of OP operations. 

One t1as only to give careful consideration to each l.t:em .listed 

under each main heading to arrive at a corporate policy for 

distributed data processing which sets clear and concise 

standards and controls £or the entire organization. 1t is well 

worthwhile remembering that for: each information system the 

policy may vary due tb the degree of decentralization requirf"!d 

by management. 

How do managers decide how much to decentralize exec11Uon 

and control activities? Or when they do have an idea of the 

appropriate degree ot user involvement in th<> rlesjgn and 

operation of the information system, how do they achieve it? 

You will see from the examples given ~arlier that ti~ range of 

involvement:, goes from essentially no involvement all the way to 

complete responsibility for a given system. We must therefore 

speak of user involvement as the combination, or sum, of 

decentralized execution and decentralized control. For Instance, 

when users experience critical or constantly changing needs for 

specialized information in their normal business operations, a 

high degree of user involvement is probably warranted. 

Let us now look at an example of the type of problem now 

facing most organizations. A marketing manager sees in mi.ni- or: 

even micro-computers a way t:o improve the performance of the 

company's sales representatives by providing them with mnn~ 

timely customer information. With this level of decentralization, 

he believes, loc¥ offices can maintain all types of data on 

thet r customers and thus create 1nore responsive sales and servi.ce 

tP.ams. Although the marketing manager has justifiable reasons for 

wanting greater sales force involvement in data processing, these 

concf'tns by themselves do not imply that local offices should 
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have their own mini- or micro-computers. The requ1rement could 

just as easily be answered by a centralized customer enquiry 

syst.em and remote terminals connected over telephone lines to 

that centralJ zed system. 

In conclusion, we have seen that distributed data process1ng 

offers great potential for improving lhe performance of individual 

departments and for promoting the success of an organization as a 

whole. Managers within these companies are turning to distributed 

data processing to help solve long-standing administrative 

problems and to help improve the control and coordination of 

fundamental business tasks. Enthusiasm is indeed strong for tlIB 

decentralization of computing, and the call to acquire more 

computers is bound to increase. 

Because of the demand, managers will be wise to plan care­

fully how their organizations will use information systems in the 

future. Along with these general plans, they should promulgate 

corporate policies establishing how they will arrange data 

processing resources to support their information systems. Only 

with such plans and policies can they ensure that information 

systems will fulfill their potentially powerful roles in the 

overall success of their business. 

The author would lJke to thank, Alan Paley, formerly 

Director of Management Information Systems, Levi Strauss Northern 

Europe and Elizabeth Somogyi of Outler Cox Foundation for their 

suggestions in the writting of this paper. 
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1. lnt.rod1Jcti1:rn 

the limited benefits from the use of a computer as an 
acco~J11ling tool. 

~. lhe development process - a managerial view 

2.1 design of the overall framework 

- distrib1Jted processing 

- •al~cticn criteria of the hardware/software 

- t~e approval process 

creation and establishment of the 'right' systems 
t.~·<118 

2.2 the implementation process 

- project control 

- ~oft.ware quality assurance 

- user education and training 

- system• enhancements and maintenance 

3. Thd advantages of a computer aided manufacturing system in 
an engineering environment 
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In the 1960's and 70'• most computer dep1rtm~nt1 reported t0 
th•:~ Finance: f•Jr1c.:t.ion and solved acc;~ur1tin9 prc.b.lo;;;rr.s. It iE: 

a commonly h~Jd view and probably ~ corr~ctly ~.eJd view t~1 ~t 

although the introduction of computers mere often t~an not 
reduce~ the staffing numbers considerably in th• accounting 
and clerical areas, it required equally large incre?ses in 
numbers of computer people: analy•t~. programme:rs, ~ompul~r 
opErator•, card punch operators, etc., to ~chiave thesE 
siE!vir19s. 'fh..:: c•:impute·r equipment:. ,,1.;as: alsi::! .. _..i::r·~·· e·>~pt:.r!:~i V€ b11t. 
at. t-hat- time ,.conomi•: .;,ctivity e.llot~•d t.ot-h pr n:st'°' ir..lu.str ~·' 
.;md H1<!: public ::e:ctor to b£ :;oble: t-o 3fford thi~· €:":p€ndil•.W>?, 
111c•st. l~' t.o t.h'.:: bti·ne.f it. of compt1t.E:r m.~nuf.:act.1_11· •:!:l'-tr t..1f'-:c1 -::'.!t~i:: 

still wealthy today as a result. Private indu~try and the 
pu~lic s&ctor is, however, not as wealthy todav. But I will 
not. att.i·ibut<:: all of t.he blame. for t.t1€.ir dE.ciiPE. t.-. thEc 
computer manufacturers! Just some of it. 

On a more positive note it is obvious that computers could 
and did perform tasks which would otherwise not get done. 
for instance their involvement in the space rese~rch 

project.s;:. 

At Alcan Plate ltd. <APL>, an e:ngineering company eng~ged in 
the manufacture of high quality aluminium plat& products, it' 
did strike: •.is, d•Jring 19'?8, that 1:eo11.e•.·•her.;o· in bet-t.:;..•;·n 
comput.e:r-~ running b;it..:h pa~·rol l ·~·st.;w,,;: .: c·ld hat. t-~,1 r.ot .. •) -='r-,oJ 
computers controlling, guiding and landing moon rocke.ts 
<also "old hat." bv n•:•t,1) t-he.t·e could be .;, c.-;.mputE:t scdut.iN·· 
\,•hich r.,•ould assist us in running a m•::>re e:f'fi·::iE:nt bw;ins_:,s, 
Clearly since: we did not hava any computer equipment 011 site 
we should get the benefits of the computEr technology that 
allowed me:n to land on the moon. Wa were awar,. that thft 
astronauts didn't take any punch card equipment with them so 
although we knew very little: about computers ~e knew we 
1,1ould nc•t ne:e.d an~, of t-he:se: at. A lean Pl st.e ! 8ut. to 1 • .11 •. :.t- U•• 

would we put this new technology? We: tried to fncus .-:on and 
define what we consjdere:d to be our major businE$5 protleffis. 
These were a Jack of I) good management information which 
resulted in the: in~bility to control the business tightly 
Bnd a lack of 2) good administration and production control 
:::v~t.:::.m~:~ rt=:::t1lt.ir·jl;s in .9 p•:•or·.:.r· cu::tcimir~r· sE.rvi•::i:: t.h.;r·1 1 ... h~ 
would hav• li~ad •nd lower output than we might have 
~~~pected tJsing ''mod~rn'' p~·od~Jction sc~~~duling tGchniques. 
fl _l c..=:1n F' J .~t- .. ; t t'-u:.t··,;-f1~i1· f:. embairl~ t·d on a p ~th c1f t.r·!:' i n9 f:.c• .~·o 1 · .. :~:: 
t.hiE.~-:-1:.:: prc•b} i:::n1~ 11::: j 119 t.he v~::r;/ } .:;+t.i:t:s:t t.e.c.hn i qlJE:E .::fnd 
+.~:chno 1;:.q1 E.:?."·. 

Th€ sl·t~teg~1 b~c·amE to makE Alc~n Fl ate a 
comput~r-controll&d plant of the 1990's wh&r& autornatsd 
n1 .~chine cF.ntr~::-:-' 1,.1i::11.!ld b~..: J ir1t:e:d t . .:: t:.he: main infor1rt.:tt. ic·n 
n€~~:c·r·J: ···er pr·~du~ti0r1 ~chEdt1ling and control. Th~ str·~tag~' 

.:·mbr.~:ic~::d t.t-i~'. ~·-~.q' .. 1jt·i:.m~:r~1t t.•_-: .i.n.plE-rr!i::nt. ~n c:r1-li1·iE 
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m~nufacturing sy~tem integr&ting s minimum of fiv€ 
sub-syst•ms, n~m€ly: sales order handling, shop floor 
reporting, production sch£dulin9, proc&ss control, 
testing and r£le~s" procedures. Fi9ure I indicates 
int€r-relationships of the manufacturing system that we 

-snd 
tha 
had 

in mind. 
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If the: five sub-syst€ma of Alcan Plata'• manufacturing 
syste:m were: to operate: efficiently, it was claar they 
would have: tn be distributed. A two procEssor systEm 
at least would be: require:d to provide a back-up 
capability, and control systsms performing higher spa&d 
tasks would need different computers a9•in, located 
close to the: machines they would be controlling. Abova 
all. the: re:quire:me:nt- for an inte:grate:d infc•rm;;tior1 
system ne:c•ssit•te:d the compute:rs to talk to one 
anc•U1G:r arid •;.~I led for • diE•tr ibut<id d.3t .. ,, pro•::o::;sino;i 
(d,d.p,) ne:t.i.,•orli. 

The t1ve sub-systems of Alcan Plate's m9nufacturinq 
system each had their own requirements per ••· 

Sales Order Handling was the: nearest to 1 commer~ial 

type of application l~at would be reaui1ed to le 
developed, ED this would call for a database, screen 
handling, general report writing and commErcial 
programming language to be available. 

Shop Floor Reporting would require special robust, wall 
mounted terminals with key pads and -function keys, 
supported over long distances <in excess of I mile), 
whereas the system could be written in any suit•ble 
1 ano:y.1age, 

The Production Scheduling system would have to access 
both the sales order handling database, for orders, and 
the shop floor reporting Cor work-in-progress> database 
for metal in-process and optimise using Operational 
Ra$q~rch techniques, subj«ct to var·ious pr·cductior! 
m.achin€ co1·1st.r.3int.l;:. lhis t.radit-iQnall~" c;dle:d feot· 
FORTRAH to be available for this purpose. 

In the event of the failure of one processor tha other 
would be: required to be used as back up for tha syst2ms 
nor~~ll~, re~ide.11t on the other mact1in£. Thi£ call€cl 
for an •ddition~l. over-riding, raquir€ment: that aach 
of thas1 diffarent t~pas of application programs could 
be ~ur·por-t.erl l·f) tl~e· sa~~ mBchin£. 

The· m;.in ;uppl i.E:r tc• thE Alc.;.n 1.;rc••1p ;,t t.h.is t.i1T1E: i.•as· 
81..u--·l"•t')Ut;lhS.. ft·.1:0..: d.i d not h.ii\.'E_ -~ ·~l("~·d FORTf~f-~M c.c:mpi lt::t• .• 

Pcir i:Jid t.he 1" m.:::.t···J~.-::t: E·h.::1p fl( 1(:ir ti:-:filiin.£:il5.1 n.:H .. did t.ht.\' 
:::1.1pt .. ·or·l d.i-=-:t.1 it.•_Jt:.;:.d f·r"i:)c~.::.~-~:in~i. 
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liEC ;;,nd HP ~·ere cc•n;;ide.red. The F(if' r.ange. of 11101chine:•· 
•·.•-a::-:: p1.1t. for1 . .1.::tr;J bv l'EC, spi:::cificall~~·' t.h~ t1/10. 
Although ~EC put forward a number of 3lternative 
or,ar~ting s~,stem~ none could m££t th€ r·~quirem€nts. 
l.lndu- th,-,ir multi-purpose: Operating S~ist.e;m RSXllM the:'.•' 
offered TMP70 as a software 3id, but this was • 
non-r•roven, r)on·-document~d database syEtem d~valop£d 
locally by CSS at Reading. The C080l compiler did not 
run •t that time successfully either. Under TRAX, 
their database system, FORTRAH was not supported and 
communic•tion with systems running on other machines 
was not feasible. In common with HP they did support 
shop floor terminals and distributed data processing 
through DECNET. However, the decision finally made 
itself after a benchmark on the 11/70 indicated no 
better compile and run times on FORTRAN and much poorer 
times on COBOL than the HPJOOO Series III, and this for 
a m3chine which was conside.rably more: e:xpen•ive. 

Any subsidiary company of a large Group of companies 
\•.•hi ch h-~• a C.e.ntral Coir,pL1te:r S.;:rvi,:e.s Sec:tion 1_1sual l~' 
~xperience~ problems with approval to obtain local 
computing powe.r. In the early 1970'• the proble.ms for 
the. subsidiary usually took the. form of the Centre. 
persuading the: subsidiary that the economics of scale: 
ruled out the:ir request on the: basis of cost 
considerations. This was in general probably good 
Economics and the:re are: plenty of examples of expensive. 
failur~s of subsidiaries who "did their own thing" as 
evide:nce of this. Inde.ed ve.ry close. to home, a 
producti0n control system was developed and installed 
on a Honeywell computer at Alcan Plate. in the. late. 
1960's, ind the computer and Department were. closed 
down in 19711 The reasons for their demise. were: 
different, but ne.verthe.le.s•, apart from any other 
proble.ffis we. would have, we. kne.w we. had thi& little: 
pie:ce of history to ove:rcomel 

In the late: 1970's the. problems for the. subsidiary 
switche:d to those of incomp~tibility of hardwars with 
"The: Ce:nt-r.al M-achine" or t-he: "prefe:r€:d" Gro•Jp hardt . .1.31·e:, 

whate:ve:r manufacture:r this might be:. Bacau&a of the 
sh~::e:r :=:cc•pt5: c•f c:'ur s~.ist.Ems st.rat.ic:~gv t,•E: f:·rcib.~bl~,, e·1·rcfure·d 
less proLlE:mE than most. Most of the: politics of such 
deci~,ic:•n::- t·E:vc.lved around the s•.,dt.ching of 'l!c.counting 
svste:ms run centrally to more cost-effective: in-house 
mil!chine:s thereby reducing revenue for the central 
installation bnd leaving it with ~para capacity (or 
l €:=::=: c•f .3 ca:::e for an .g.~~.;:JJ ... _.__Q i q.9.§}: ni::·M C~·nt:- .al 
machine:!), 1.,1~. didn't. pL;,n t•:• do t.tds, ;md sc· .a t··e•.:Jl.J•:st 
t.o inv€st £330,000 in co~'P'Jt~r hardwarE tG d£V€lop th~ 

i11t£9rated mar1ufactl1rir1g svst€m, bs~ed on 

47-5 



justification of tangibl€ benefits (admin people 
saving$ a11d €~t~rnal time-sharing ~act1ine c0st s~~ing~) 
and intangibl€ b€nefit~, (a morE €f-f'iciEnt compan~1~ got. 
approval within six mont~s. 

For those subsidiaries that have not vat breached the 
C.;:rot-r.al ceont.rol, I f•c.,··.,c:01,,:t th;it. in th•~ t·:i::?.O 's tho: 
problems these subsidiary ceompanies will fac:a, will le 
e it he;r 

convincing the Centre that a prolifo:ration of 
micro-computers linked to one another in m 

nE:t.h•orke:d mul t.i-us:E::r mc1d£ c.:an for './Er~:' 1 C.•l·.' :ums of 
meoney, perform some of the tasks of the obsolate 
mainframes <stiJI lurking in tha Centra in an 
undergrowth of inertia and Jarae computer 
manufacturer politics); 

or convincing the Cantre that fourth <never mind 
fifth yet!) gener~tion software (use of a syst~m 

ge:n.e:rat.or) dei.e.s l\•c•rl~ and ~,1ciu c~n t.:h;:\,'~:l op s-~;Js t.~.~:rn~· 

ten <or a hundred> timas as fast a~ on the old 
m.ainframe through t.li.1 advar1t.;,.;1·~-• e>f pr·1:•tot~,1~·ing, 

or as jourt.h gen€r·ation soft~1~re b~c:om£~ avail~~lE 

c•n 111icrc1:::. '.~'c1 u mi9tit.. h:tvr:.:: .9 co::.int;ip.=f..i,:•n .:_:;f t.h"~· t• .. =c• 
problems <double he•dache!) 

lf you start with no, or very few, peopla you may well 
be expected by your management to lffiplemant your grand 
design with the same number of people. Even though you 
ma~• budget. for and include 1,_, i t.t·1 in ~:c;ur r eoue~:t dc•come.nt 
extra people, and add in realistic sums of money to get 
them, unless you have an enlightened P&rson~•l 
Nanager/Director you probably won't get anu. 1 didn t! 
Unless you do get them, you won t succe~d and ~1ow ~1e 
eventually got them is a recurring theme throughout the 
ne.>~t. :::E.ct. ion. 
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Within systams design is includad systams goal or 
mission1 syst£ms r·£quir~£ments <softwar·e and hardwar€), 
functional specification, and database design. Though 
prototyping can overcome some: of the rigidities of 
database design, it does not help with the former items 
and there ara no short cuts to succass. 

A corpor•ta mission listing on one: paga the main 
faatures of tha vision that tha Usar <who is ha?> has 
of •.·.•h.Bt t.hi:: ·~•stem t..ti 11 do f c•r him, is .an e:ss,ent i .al 
doc•rn1ent. tc• keep re:fe:rring b.;,ck t.o, to che:ck '.,•ou .are 
still on tha right course and that tha requiramant 
hasn't changed! The User must be identifiad at tha 
conception c•f ;; projact.+I and paradc•>dc;il lv ha is rt.Qi 
tha parson who is going to use tha system, but is the 
parson who manages other paopla who will use: your 
svstem (;ind t.he:se: are: t.he: "users") 1.•hE:n it. is 
completed, what.her they like the system or they don't 
(.=ind ofto:n they don't.I), Be1,1ara of th.os• u:;ers, 1.•ho 
would, if allowed, direct. you to producing a computer 
raplic~ of th• manual system which - because: people are 
claverer at overcoming undefined exceptions in tha 
manual systems by th.o use of their brain power and 
ingenuity would naver work as well as the manual 
system! And it. would naed at least as many people to 
work it, probably moral The User, on the other hand, 
wants an Improvement on the present system and ha will 
need • lot of help from you in order to achieve this 
objective, because many 5kelatons (practical obstacles 
to implementation, both real and imaginary) will appaar 
out of the cupboard. 

You will also need a top manag&mant sponsor who will 
s0met.imas t£ll t-he Us£r that he dee~ r1Eed wh3l ~iou'r£ 

telling him ha's getting, whanevar the User loses faith 
due to the pressure soma of the doubters are applying 
to hin,. 

All of this applies e:quall~' l·!e:ll t.(• non-rr1anuf3c:turin9 
s~1 stem applications. What. m~l:€s manufactur·ing sy~·tEms 

more diff icull to implement is that the User is li~ely 
to be less (or un-)familiar with computer systems and 
his init.ial cc.mmit.menl. i$· lil:e.l~,, t.c• L·o: h••.,• <c.1· 
nc•n·-e.>d st.•2nt. c·r e:ven anti! ) . This is b>=.:c3U&e t.he: User 
1,iill ine.,,it.;;b~y, and quit.€: rio;ihtlv .. he;vE. .5 producti>:>n 
or iangint:E-rii-19 <:ir mi:.::t.allurg~) b.sc~\1;;rotJrP.-J) .::;ni::-1 in 

1+ If you de· not corr·£ctly id£1·1lify t.h£ User, your· proj~ct. is 
likely to fail to be impleme:nted. ~lternativsly you will waste 
a lot of time and effort until you find t~e real User, 
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traditional British Engineering Industry h• is li~~ly 
t-o bi::: olde.r. So urilil:~~. t.he: Fi1·1.:.:;nce: pe:ople: (1:•r t .. zid€:r 
disciplinEE in consumer goods industriisl he: will not 
have been e:xpos£d to comput£r syst~ffis, and words like 
"on-line• and "database" are likely to b• initially 
confusing to say the least. Furtherffiore if you do find 
that your User is an unenJighten•d uncommitted - "I ve 
been scheduling the mill for the l•st thirty y•ars and 
I c.an 't. se:e ho•.~ it. can bo:: dc•ne: ano,> bE:t.t.e.r" ·- t~,>pE:, tLe:n 
~·our top man.;;,9Em<>nt. sponsc•t·· needs t.o be: E:V€:n s:t.rCin9E:1··, 
Strong enough to fire: th~ msn if nec••••ry• 

Figure 2 lists the facilitio::s of 
Handling system which was designed. 
with the original systems vision. 

thf;: 
This 

S.:i 1 es Or-dt:r-
1 i ~t. E:qu~t . .:!E. 

The 
3. 

procedure for checking back is as shown 
A typical example: was as follows: 

in Figure 

Some difficulty was ancount•d thruugh th• raquirament 
to implemant automatic pricing. The concept is th•t 
orders are priced according to structured prica lists 
with discount structures based on customar contr3cts. 
An over-ride facility is available once tha ord&r h3s 
been computer priced, these itams app&aring on an 
exception report for control purposes. Tha problam 
arises with amendments. Because simil~r item& with the 
same delivery data are qroupad togethar to c~aatQ a 
discount, <part of the structure of the pries list>, 
when an item is cancelled or ra-schaduled this can 
causE increases to the original prices of the other 
items. And these amended prices would appear un 
re-acknowledgements. The problem is that customers 
hav& not been usad to receiving ra-acknowladgo::mant& 
with increased prices; This is because due to the 
complexity of pricing in the manual syst•m, people more 
often than not simply "turned a blind eye', So the 
i$9Ue hinges on the quEstion ''do we want to struct.ure 
our pric• lists like this or not?" and not "do we want 
automatic pricing?". 

Nanufacturin9 causes even more emotional issues. 

This: product.i".'ln scheduling s:~.Jst.ern, 3E a fir::::t. st.agt:::, 
.;. l l PC 9t . .::::: or('i~:r:;- t . .:: produc€·d s: J .~b:.:., E.ach i:•rder p I ~nnE·ci 
ha:;: 8 t·,.::::quir€:d s-laf.:o of s·-f .. '2t:ific .:=.~llc+~i•, cr·c.z;:~ S'e:ctic·1·1} 
lanqth .and c::hen;1cal gradE.. Th•< production <:·chedulin9 
s~·~:t~m StJl0mati~~11~' ffiatches pJ~nned Grder·s ar)d 
cheffiicallv ra!Eased slabs of the ssme alloy with regard 
to c~1-tain constraints on cr·o$S g~ction, 1£ngtt) .3nd 
o;;ir~·:k·. H;;ving comp.le·t-::d this .~Jl1:ocatie>n •-.•e hao...-•:: .;i 

ph•,isi·:.;il!•,• a·-.:,,J.ilatle slab for ;; planr·,.:d c·1·der •:·f .~ 

sp."ci f i.: "ll lv•, Th<e al lc .. :at.ion ·E\''-'t.cm i::: 'f·•Jch t.hat t..t·,,z 
r.i .. irnt;...:·r i:,f s]ab-tc1··-c1FdEn,. .:~.1 ]c .. catic1ns frc•m .:t i:.urrt::flt. :::·-:.::t 
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0f ord~1-s and slabs is a m9~<imum, i,£, no oth€1· 
ccimbir1~tir;·n of s13bs and c1rdE:1··s: c.:ir1 produce: n1or£ plati;;::;:: 
against th8 total order load. In order for the 
"'l.lncc.tion 5'.,ist•!llo to be u::;:ed e:ffective:l\' the: s:lat. ·~f 

spe.c if i c •:t·,.~rr.oct.E;r i s:t. i cs !!ill.s:t._ __ be: !!E_ed .;;,g.;;, inst that 
pl1nned order. The relaxation of this constraint would 
so Je-ge:nerate lhe sche:dule:s that certain orders from a 
specific allocation would not be produced as remaining 
slabs could not satisfy the remaining order 
r·~q•.iit·e:me::nts. B~' tal'.ing the: 3llc0cate:d ,;;lab fro111 c•ne:. 
c>rder and pl sc:ing it against. another t,•0L1ld c.aL1se ot.t;e:r 
sl1b-to-orde:r allocations to be broke:n giving delays in 
their production. 

Similarly, a chemically released slab cannot be: loaded 
aa~inst a planned order and be sent into production 
<i.e. begin its rolling program) unless the order has 
undergone the allocation process: and has been allocated 
a released s:lab of specific di111ensions. Thus if order,;; 
are not planned and allocated in advance the released 
slabs cannot be entered into a rolling progra111 and 
rolling production could be stopped. 

fl•Jt in a m.antJfacturing mill it. was hi ther·to .an 
unwritte:n law that the hot-111111 would not stop work 
whil~l material was available: to roll. Clearly the: men 
worhing it would otherwise: appear to be idle and you 
would not appear to be: very efficient. But 
Urn:cwet.ical l~· and practical lv ~'Oll prodLtce a be:tts.r 
downstrPam schedule: if the hot mill is stopped 
periodically to let sufficient material stac~ up behind 
sawing and furnace: as rates of production of different 
products differ across different machine centres. 
Building up stocks at certain 111achine: centres by 
pl.sr11·1e:d stopp.age.s of the. hot rolling mill allco1.,1s 
"smooth" production at machine centres: down,;;trea111. 

Figure 4 and 5 list the goals of our shop floor 
reporting and production scheduling system and Figure 6 
lists the pl~nned and provided system functions. 

This section on design would not be complete without a 

ref E:re nee: to the de;s: i gn t e.am and t.o t.he; t ... c:hn i que:s: that. 
t.h-=:~:' • ... •ouJ d n.;:-:::•:i t.o Ernpl o~>'. 

Ona thing th3t it is important to stre:ss at this st!ge:, 
sper:ifically wit-h regar·d to m.3r1ufacturing s~:st£ffiS in 
ie:ri'):\nec-:ring indu.st.r~1, is t.he: nt:t·d for .at l•?-~is:t. or1.::· .:ind 
id~:.::.11~)' rTn)rt::: t.han one: mt:mbe:r of t.h~: te.:=:in1 t.o be. fullv :;1J 

f.:;dt. 1 . .iit.h the: t.t1e:c•rv and appli•:.;;ition ·=·f O.R. t.e:chniq1.1~.;· 

t.i.-1 product.ion s::chP.dulir1q, .;incl c•pt.imi::::at:.ic:n rout.in~:~. 
tJ€ ~·ould oth£rwise bE looking oncE 3g~in 3t. 6n 
aut.0m3t.e:d V€t··5ion of thE n,anu3l ~cl)£duling s~ 1 ~t.£m w~1iC~! 

1::: t.f·,·-=. C·rt~: 1 .• •~.::. 1 ... :i::h t.o r~:idic:.:;1 l~:· impi···o• .. .-~.:. U~·cr::, (1n~.: i:·f 
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the: t..::chr-1iq1..JE::i-:: t-h.3t- 1.1:3.~- ci::inside:rF..:d and lat:-~:r u~E.d l·.1::;.::· 

-1::-h'!' ··:s.:eiE: 1 .•. 1h~).1 · · . ..-i£u.?Jl :=::iniulat.i..:;r·1 p-~ck.:=..:gE dt?..vial.:•pE.d b•: 
BL. Schaduling rules devised using a full simulati0n of 
all m.;,jot· APL m;,chine centr"'"'• bs;t.e:d and pr1:ove:n .. t..•-£1·"" 

later hard coded into tha manufacturing system runnina 
in FORTRl'!H on the f1P3 0 (I 0 na t.1,•c•rl'. , 

All th& othar tachniques would be those t~kina 

advantage of tha faciliti&s offerad by the HP3000 range: 
of compute:rs. 

The Salas Order Handling systam would take advantage 
of "llEl,I IMAGE and COBOL, plus thts abilit'.,i to mi>'. 
languages wherts the automatic pricing could be bast 
written in FORTRAN. Th& factory link and shop floot 
reporting would run undar NTS to drive the multiplicitv 
of shop floor terminals and scratsns, and the system 
would be writtan in SPL (for efficiency), The data on 
sales orders would be: passad to tha work-in-progress 
database: on thts one HPJOOO using ~$3000 from the 
process planning systam (again in COBOLl runnin~ on the 
other HPJOOO machine. 

Figu1·e 7 sho•0.1s '"hat. hard1.•are configur.=ition •·.•e· pl.s1-.r•.;d 
and 1°.ohC't· 1°.•e: 1°•·:•uld ultin+atel~· erod u~· 1.,oit.h to ~l!~·~":·rt 
t.hese: s•,Jst02ms- .applic<itioni;. 

One of the most important aspects of project control is 
to 9et. the: time: e:s-timation for the: dur :.tic•n of u,.,, 
project somewhere: near right. Even more important, 
whataver timescale: you come up with, is to allocate 
within that timEsc•l• appropriate proportions of time 
for aach activity. 

Figure B shows the brea~down of tima betwaen activities 
for 6 larga projects in tha US 3nd 2 of Alcan Plate's 
prc•jects, These indicate: t.hat. coding ah.1a~1s r,;:pre,;:€nl:s 
a small proportion of total ~roject time and might help 
explaitl why ~ost projects tal~E 2 or 3 or 10 tim~~ 
longer than planned. Often people estimate only how 
lon9 it 1.~1(:ir.1_ld 'f:: .. =1ke:- t.o hw·it.e: t.he: codE·, :ind p1"'·e~·e:nt. t..hi:: 
as the timescale for the project. 

Within the ov€rall proj~·ct tiffiEgcale, regL1lar r~vi£~~ 

with the User. some of the more enthu2ia2tic of the 
u::=:t:!:r:E", t.hi::· ::·!)':::-t...::m sut.t,c.1r·s, .::tnc1 :some· of thi?. • ... 1r i t-E:r-s / 
ch~cl~ing that ruil&·-ston€~ hav€ b~£n ~chie·v£d is 
ES·SEr.t.i.=il to time]~" prc•jEcct. :>•JC•.:E::o::, ~·imple b;.r ch;;rt.:~ 

.=ir~? ::t ·.:~:r-v i;.ff~·ct-i• ... ·e. t-oc.1 for pl~nning, t'.~~c:nt-t·ollini;t .:and 
n1·2 ;;i :~ur l ni;i p r·•:1 j-: ct. s:: t. -~ t. l!S-: v i::t" s:u -~ f:-L·::: mi l -:::-::- f:.i:•n..:. s , 
Si 0Jr;.3t•.tt•"" cd ;,ppt·ov.c,l, at Je.·>:o·t fc•r t-he :c•ft.J.,1.:.re 
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raquiramants and functional specifications ara 
e:ss'c'·nl:ial. Additional I'.,'• q1_1;;dit-'." ass•.wancE" and 
t.1-a inir19 form an E:i::se.1tti.:l pa1 t. of projec:t cNitt··::-1, 

Nany projects based on outside software suppliers tend 
to flag after the initial enthusiasm to completa tha 
function.31 spacification <and so ge:tting the order!}, 
~e amployed two software houses initially, since we 
only had a couple of people, one data processing, one 
Operational Rasearch. The smaller software house was 
very helpful but the larger one was totally 
unsatisfactory. Heither actually completed their 
respective systems, but the smaller one was high in 
technical skills and when we eventually took over thair 
work we quickly completed the system, which now does 
work to a high standard. Thare is no doubt that 
without thair initial help we would not have been whera 
we ar£ today, The work of th£ larger company was badly 
design•d and badly written, and very •~pensive. 
Eff£ctively the system had to be re-written. The 
non-timaly completion of these two systems brought the 
issue of in-house versus software house devalopment to 
a head. Figure 9 is a copy of one of the slidas which 
was used in the presentation aimed at getting top 
management approval to rKcruit an in-house team. 

The battle over salaries and grades with Personnel over 
a two year period was finally won and we succeeded in 
the due course of time, apart from recruiting a handful 
of programmers, to recruit what a projact of this 
importance neads. And this is senior paople, with all 
the database, data communications and othar skills 
n£c€s:sary to Ensure that you will t1av€ 7 day a W£Ek, 23 
hours a day availability once you have implemented your 
manufacturing system because your manufacturing 
operation soon dapends totally upon it. APL managed, 
in recruiting two such paople, to reverse the trend of 
tha drift of "good" people from manufacturing industry 
to computar manufacturars or softwara houses. Wa 
rec1 .. ui t.1;;d b·H:> se.nic•r po: op le: from ma.io1· c•:•mput.e1· 
man1..1fact-ltrers ! Th.at. re: all~" doe:s t.ake. t.i:•p m.;;;n;;,9eme:nt. 
commitment to achieve:. 

Ve:ry fe:w companies dedicate: any resource: specifically 
to control the: quality of the: systems that thEir 
sof·twarE t€am compl£t€ and hand ov€r to lh€ users. Tt1£ 
soflwar·e house$ b•~ ustd did not do thi~, ~nd I ~lJs·pE.cl 

t.t~e majority do not. Tl)a major US space· ~nd d~f~ncE 

pr•:ij~·,:t-s do inclt.1de z:1n ind'=.pE.r1dE:rtt '•/E.r·if:i·:."":-:!!t-i·:1rt .;sr.cl 
validatior1, af1d ~oftwar·£ ql1alit~s assuranc~ t.Eam lo 
er~sl.1rE· t.hat t.t1~ system meEts it-E origir)al goal$ ~rjd 
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syst•m• r•quiraments, it is •ffici•nt in p•rformanca 
terms (usually defined in the: re:quire:me:nts), and th•t 
the system is totally •bug• free. Any testin~ that 
the:•e: people: do is also on supposedly "bug" fre:• 
systems. Obviously in these: applications there is a 
need to get the system "right" first time:. Oth•rwi•• 
you end up with dead astronaut~ and pilots! 

The same ~once:pts can and should be: applied to the 
development. of al J "i rnport.-ant." ·~·st.ems. It. is thE· 
author's personal view that accounting systems cannot 
have been taken to be: very important <except by 
accountants) as one reason to explain why this function 
has not e:x i s:ted in tr a di t.iona I dp depart.me:nt:::. If the: 
system didn't do what it was originally intended to de, 
you simply amended it until it did! Yith a small 
non-integrated system although undesirable: this w•• 
possible:, but even with a small system it is an 
expensive way of developing code. With an integr~ted 
system it is a prohibitively expensive way of 
developing code and totally impr•ctical. Manufacturing 
systems in engineering industry call for integrated and 
distributed systems, and you have got to get error-fr•• 
and appropriate module• of code at the earliest 
possible stage in system deve:Jopment. 

The function of software quality assurance in this 
industry does not call for the same rigorous 
methodology and numerical staff numbers •s the &~ace 
projects, and a commonsense approach to the problem is 
all that is required, Somaone who can wor~ 
systematically and logically, checking inde:pendendly 
through user-provided test data the functions of ••ch 
program as it is developed; the inter-relationships 
between programs, and who frequently checks the system 
developed so far back against the original 
specification, requirements and goal is all that is 
needed. After initial strained relations betNeen your 
people you ~ill find that the programmer and designer 
act.u.:.ll~• le:arn t.o re:spe:ct. t-his pe:rs•-•n and l.: .. .;;lr •.1p.:•n it. 
as a challe:nge: to d•live:r him cgde which he: cannot 
fault "bug~ wise: or for its appropriate:ne:ss. 

It. 1s important to "se:li" the: system to the Use:r's 
pe:e:rs and collPagues And it is important to get 
~.nt.t·,u::iaztic tc.p. man<tq€'.mE:nt. ::upport 'lit· th.::se: ::.;ile:s 
pra::e:ntation~. Ubviouslv the system is sold under the 
guis;;: of us•r o=..d1.1c.3tion, and tho:: .;,:;;s.;:mbled g."'t:he:r·ir1g !t9. 
l-: .. ;,t-r1 .;;, 91··,,·.;;.t de:.:•l :.b.::.ut. the sc:op~·, n.:.tu1·e· and be:r.efit.:; 
of the: s~stEm which is ~bout to ba implamante:d. The: 
i:ib.je.•.::t ... lvi:.: 1:1f t.he:;-£ ::..::::=·::-ic1rt . .= i: t.1..! 9.;!in c:ommit.m..::nt. b~: 
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all those who will directly or indirectly manage the 
p€opla wt10 ~ill ~ctuall~, b€ as~ed to U$€ th£ s~1st~ffi~ so 
tt1.3t the~• i,•i l l support. the s:,istE.m l·.•hen it. is "knockEd" 
and may, through'this training, even be able to explain 
tha issue under attack, rather than passively agree 
with the p~r•on making il. 

It is also essential to properly train those who have 
to use the system long before they have to use: it in a 
• 1 11ve 11 sittJat.ion. 

Suff iciant time should be se:t aside for this activity, 
and under no circumstances should the trainer be the 
system designer or programmer. Hnr should the training 
be done with a system full of unfound "bugs" since: this 
rapidly generates lack of credibility and user 
disinterest in the system. It is however acceptable to 
use for ::ruch tpaining a s~ist-em i.•hich does not. ~·e:t h.ave: 
all the available features or may not have been tested 
down a fully exhaustive set of program paths. Finding 
the odd "bug" at this stage: is not unhelpful and 
obviously it is better than finding them when you are 
"live". In this phase of training although there is 
some selling involved, there is much less emphasis on 
this asp·ect. and much more on a thorc•U\Jh u1ur;d.:.ne 
detailed step-by-step "this is how you do the 
following", and "this is what you do next". 

The system you have implemented meets the goals and 
sy&tEm requirements and conforms to tha original 
specification, The users have been properly trained 
and the User and his colleagues are knowledgeable and 
committad to what you have davalopad. The svstam is 
also v~ry n€arly 11 btJgu fr·e€, 

T11er.:: are a l\..o;;,~is te:et-h i ng problems. If ~'C•U ha•,1e dc-;1.;;: .;, 

good job 89 per cent of the difficultia& will, even 
des:pite ~·our thc•t'ough training, Loe use;r unfamiliarit:,• 
1 • .ti th sr.omcc of tho:- more ob:;cure svs-t.e:m fe.3t.ur- ES .• a 1 ;cl( 

of J{nc•t\1le:d9i:. of hot~• t.o ge:t. ,_'lut. c•f, or int.c•, Cd' u.s::t· ·::-cirr~€. 

of the less frequently called-for facilities. Your 
sy~t€m~' train£r ~i11, tog£lh6:r with th€ ~~>st~rn 

dE:signe:r, sort. t-llE:SE: problems oul:. quicJ~l~} 2lS t-h~~-1 

occur. 9 per cent of the difficulties ~ill (despite 
~1ou1- qualit~, ~ssurancE t£chniquE·~) l 1 e E~:st.Em 11 ~L!9$:'~. 

If' t-hE~' ar£n't you'v€ don£ too m!Jch tEsting bEfor~ o•J 
W€1·~t ''live'' snd probabl~• tf~£ ~~J~-tEm isn't no~' G€E fd 
3ny morE! YG~Jt~ dEsiQr1~r· and p1·0g~--~mming t-~a1~ u 11 
rcadi l~.1 f J ·,~ tl·1c:3E:. 
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The remaining two-per-cent will be •y&tem features 
which the u&ers cannot manage without. If the U•er 
agree$, •nd you have exhau•t•d the use of the other 
faciltiies you have provided, and you can't persu~da 
t.l1<;;rr; to live 1 .. tithout this ne.1,1 f.;io:·ilit.•, 1 t-he:n, and onl•,i 
t.h.;:n, sh.:•u l d ~.•ou agr e:E. t.o an e:nl ,.;.11cii.me.nt.. tind t hE.n 
"stall for time", be.cause the requirement might still 
g•::- ah•.&~'' This: is bttca•.JSE t.he: us:.::t·:: l·.iill ir1c:re..::!::iru;;lv 
get happier and happier as they become more. familiar 
with tne new system and will start to enjoy its gQoJ 
features rath•r than look for real or perceived 
limitation•. 
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3. lt1'L.--~·i'!.f'cflt·_.~q~J ..... 9..:L--1! ... £9..:~~r~·;!t.S:.L ..... J!i.Q'i.!":! _m~n!JL§!.C~:!:!L.i.r.1g._;i:'Lf:t:'U[!_j_Q 
.:!.'! .... §:.fl_ '1..i.D.~T:JJ"Lq_. !E:f.t:o.:·J.C.9.f!.~.f ... ".':'t 

At Alcan Plat• th• Eff•cts on production flow and throughput 
h3VE b•an quits stagg£ring. The infle~ibility which is 
inherent in a ~and our) manufacturing system is no longer 
referred to ~not even by our Sales Department!> becaus• the 
efficiency of production and the resultant output is so much 
improved. Cu~tomer s£rvic£ both through the improved 
information flow and the efficiency of the system per se is 
significantly b•tter. 

Jn gener~l the benefits provided by the implementation of 
such a manufacturing system are as summarised in Figure 10. 

For ~ company which has it in mind to develop a 
manufacturing system in such an environment, I would like to 
finish with two slides indicating what I believe are some 
furth~r problems which have not been touched on earlier, in 
Figure 11, and - if you are still interested! - to provide 
you with a summary of some useful tips, and these are shown 
in Figure 12. Nay I wish you the best of luck, you will 
nead a lot of that as well! 
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COMPUTERISED AREAS ARE: 

------ ------ -
ORDER f.N'l"RY 

I 
PROCESS PLANNING 

I 
HOT I. !NE- - - - - - - - - - - SHOP FLOOR REPORTING 

I 

I 
I 

I 

I I \ 
PROCE~S 

CONTROL 

~ 
PRODUCTION 
SCHEDULING 

TEST CF.RTIFICATES LARORATORY INFORMATION SYSTEM 
I 

INVOICING 
I 
I 

SALES LEllGER 

I! 
~ 
'~ 
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SALES ORDER HAHDLIHG FACILITITES JNCLUDE1 

I . ORDER EtHR'I' 

2. AUTOMATIC PRICJHG <USING PRICE LISTS AND CUSTOMER CONTRACTS, 
SPM 's > 

3. ORDER ACKHOWLEDGEMEHT 

4. ORDER AMEHDMEHT, RE-ACKNOWLEDGEMENT(+ RE-PRICING>. 

5. FORWARD EXCHAHGE COVER OF HEW BUSINESS. 

6. AUTOMATIC ROUTE PLANNING AND MILL CARD PRODUCTION. 

7. ENTRY OF PACKING RECORDS. 

a. PRODUCTION OF 
CERTIFICATES. 

ADYJCE HOTES, RELEASE HOTES AHD TEST 

9. PRODUCTIOH OF IHYOICES + BAHBURY SALES LEDGER TAPE. 

10. COMPREHEHSIVE ENQUIRY FACILITIES. 

11. SALES LOADING. 

12. COMPREHEHSIVE SYSTEM OF MAHAGEMENT IHFORMATIOH REPORTS. 
<E.G. BOOK JHG~ + PR ICE PERFORMAHCE VS. COMPANY PLAID 

13. PRODUCTION OF CREDIT NOTES. 
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- - - - -- -.. 
Validat.ior1 ...... 

' "doe:s it. 111e:et 
'the gc01;;li;.?" 

' ' 
\ 

~---S~•st-~u.s. '·) 
require:•e:nt~ l 

C:OHSTP.AJHTS \ 

~----_;_ 
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SHOP FLOOR REPORTING 

REPLACEMENT Of LOG StlETS. 

PAPERLESS SOCIETY <"ILL CARDS kEPT IN SALES AlJ11N. AS A 
BACK-UP CONTINGENCY>. 

TODAY'S WORK SCHEDULE DISPLAYED AT EACH ftACHINE CENTRE. 

WORK DETAILS Of NEXT JOB DISPLAYED AT EACH l'\ACHINE CENTRE 
CE,6, CUT TO THIS SIZE). 

<AUTOMATIC DATA rE~SUR£MENT WHERE POSSIBLE TO BE INTEGRATED>. 

A TRACKING SYSTE" Cr.ANAGBUU INFORl".ATION SYSTE~>. 
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PROnUCTION SCHEDULING 

TO PRODUCE SCHEDULES USING UP-TO-DATE INFORr.ATION SCHEDULES 
FOR EACH MACHINE CENTRE. 

IMPROVE PRODUCTION FLOW. 

lOWER W. l.P. 

INCREASE FACTORY UTILISATION. 

INCREASE EFFICIENT PRODUCTION. 

INCREASE PRODUCTION CAPACITY. 
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IHTEGRATED MAHUFACTURIHG SYSTEM FUNCTIOHS JHCLUDE:-

1, RECORDING OF OPERATOR'S IDENTITY. 

2. COMPREHEHSJVE REPORTING Of SLAB DATA AT MACHINE CENTRES. 

J, CHEMICAL LABORATORY HOLD/RESTRICT/RELEASE OF SLABS. 

4. VALIDATION OF SLAB DATA ENTERED AT MACHINE CENTRES. 

5. UP-TO-DATE SLAB INVENTORY. 

6, AUTOMATIC TRANSFER OF MILLCARDS FROM PROCESS PLANNING WITH 
GENERATION OF PROCESS PLATE NUMBERS. 

7. AUTOMATIC SLAB TO MILLCARD ALLOCATION OF RELEASED SLABS. 

8, ALLOCATION OF RESTRICTED SLABS TO ORDERS. 

9. AUTOMATIC SCHEDULING FOR THE HHT IHCLUDIHG DETERMINATIOH OF 
THE OPTIMUM HOTROLL ORDER, HHT SEQUEHCE, PALLET AND SAWBED 
POSITIONS OF PROCESS PLATES. 

10. AUTOMATIC UPDATING OF SHOP FLOOR REPORTING DATABASE WITH 
GENERATED SCHEDULING IHFORMATlOH. 

11, AUTOMATIC PRODUCTION OF HOTMJLL LOG SHEETS AHD HOT LIHE 
PRODUCTION REPORTS. 

12. COMPREHENSIVE SYSTEM OF REPORTS, E.G. SLABS AHD PLATES 
SCRAPPED, OVERDUE, ETC. 

13. AUTOMATIC ENVELOPING OF PLATES FOR HHT AND TRANSFER OF DATA 
WITH THE SIEMENS FURNACE CONTROL SYSTEM. 

14. ENQUIRY FACILITIES TO IMPROVE TRACKING OF PLATES. 

15. AUTOMATIC ARCHIVING OF SLAB DATA. 
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VAYS CONSlf£RED TO GO FORWARD 

1. 1JUTSll£ S<flWARE SUPPLIERS 

·WY TO DO 
- EXPENSIVE 
- llFFICllT TO CONTR<l 
- IOT lfl TtE IUSllESS Cf 'MlffTAIJUNG' SYSTEM.S 
- lllSIFFICIElfT KfDILEIKiE Cf OUR BUSHESS 

2. 11-IUISE S<FlWARE EXPERTISE 

- IUIUPlli. COST ROUTE 
- NIAGEABLE 
- llltE EFFECTIVE MINTEfWfCE CF SYSTEPIS 
- JES LONGER 
• IEVARE Cf 'SCflWARE WIZARDS' 
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!!Bure 10 
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Al'\IAPTf..C:f,S or All JNTf.GRAH:n MAt:l.lFACTllRINC: SYSTElt ----··-- ------------------------------

Pl!OVIllES 111'-TO-f\ATJ> HAl\ACEHENT llffORll/1TIOll, ANf\ JS Tllf.•~EfOJlf. 

Tl!E llAl>IS ror. TllF: CONTROL OF 'flll: JIUSH:F:SS·. (ORflEll It!TAl\E:, 
l'F.TC.f. I.F:\lr.J.S, F.1'C.) 

1•1;1:1!JTl> SCIU!'flflC PJ:OOUCTION sc11r.nt1LJNC: (nr.NEFl'fS or 
trFICJE"T PRODUCTION, INCRf.ASHn PROOllCTIVE CAPACITY, ETC.) 

Pl'.Pl'J T~ l'IWf•llC'fJOll COt!TROL 

IS ~OT lAROUR-JNTf.NSIVE 

\'Ol' l'ECOt'E A COPPF.TITIVf: COllPANY 

COITll'f~~I: JiJP.f. TO l!/INlll'f.C'flll:H:C 

PROl1Lf:l•S ------

THE COST (TS "EXPERSI\lf."} 

Tllf. TJ i<F (TAKES /1 "J.Ol<G" Tl l!E) 

l'Jll~'D'.l'J~:c (Jr YOll'J?J: NOT Tl!n: \'Olli' 1\P\':.r;r1ic1: IS LOST) 

"f.l~l'IPL Hllll.llll:C" AT THE EXPENSE or OTlll:H "rllNCTJ!lN'S 
l'ATCllT:S" 
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COt:l'll1'f.I~ Al llS TO llANl!t'Af:Tl11: JNC 

TIPS 

)If.WARE OF SOFTWARE WIZARllS (JF YOU CAN FINO THf.H) 

J\UT Ill'. r.v1rn non: RF.11ARF. OF 

coi:p11n:11 t•ANUFACl'llHF:P.S (OP !ff.ti C:F.T lllltlC 1'1' or: 
PF.l'LACE~f.HT llARllWARE/RfllTAL, F.TC.) 

SOFTWAPE 11ousr.s, PARTICUl.ARJ.Y Tllf. FAPOUS t!AN:s (Tllf.H 
ARE Pl.F.NTY OF Tllf.SF.) 

DOG'T TAKE SllORT CUTS (J.E. NO SYSTEtt Rl'fCIFTCATION, NO TEST 
PFOCF.f\llllF.S) - THEl!.F. AJ:ff' 'T AtlY. 

llO l:fFP Cl!F.C.1:11\G llACJ: (Of'Trn) ACAJllST Tiit: COJ:POUTf. MJ SSTON, 
COAt, Pl.A~?. (llF.CAll!if. nr THF THff OJ:\'l'.l.OPllf.llT TAl'.l'f., Tllr: 
lll!Slt?f.SS BAS orTn? Clli\llGF.ll DIJ:l'CTIOt: HI Tllf. 11r.11~:rn:r.1) 
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Nlqel Fielden 
Principal Consultant 
Hoskyns Group 

HOSKYNS IN'fEGRA'l'ED PURCHASING SYSTEM 

INTRODUCTION 

Hoskyns Integrated Purchasing System (IPS) is a powerful purchasing and 
materials management system which can be easily customised to suit the 
needs of any organisation. 

IPS is a self-contained system which interfaces directly with llP's 
Material Management system (MM/3000). The system is equally suited to 
both new and existing users of MM/3000. Interfaces are available 
through IPS into other systems such as Accounts Payable and Costing. 
IPS forms a convenient building block for the user as it requires no 
changes to MM/3000 and can be quickly installed. 

The user of IPS has access to a powerful, user friendly purchasing 
system, linked into MM/3000, which is itself a proven application. The 
screen entry facilities are compatible with those provided by MM/3000 
and are extremely user friendly. The system is completely menu driven 
with function keys used to guide the user through the system. 

The link between MH/3000 and IPS is achieved by means of a standard 
interface. Transactions which pass into MM/3000 are fully compatible 
with the processing rules defined within MH/3000. 

MRP can be used to automatically produce new purchase orders or to 
provide a suggested order list which can be manually overridden. Full 
purchase order t.racking facilities are available within IPS with 
receipts against orders automatically updating stock figures. 

Invoices entered into IPS are checked against order and receipt details 
and, if approved for payment, by the system are passed through to the 
Accounts Payable interface. 
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2. ELEMENTS OF IPS -------
IPS consists of the following elements: 

materials catalogue with conplete buying information 
conplementing the material information held in MM. 

supplier details - these may be maintained within IPS or 
accessed from a bought ledger system. 

pricing information - conprehensive details on a supplier per 
materials basis. 

full order administration ie. - order processing 
receipts/returns 
invoices/credits 

conprehensive on-line rapid response enquiries providing 
immediate access to up-to-date information. 

user controlled reporting system with full scheduling and 
automatic rescheduling of all batch jobs within the system. 

interfaces into other systems (eg. accounting, costing etc.) 

A check list of features is shown overleaf. 
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CllECKLIST OF FEA'l'URES 

BUYING INFORMATION 

* 
* 
* 
* 
• 
* 
* 
* 
* 
* 
* 
* 
* 
• 
• 

Materials Catalogue 
Family groupings of materials 
Material File Lists 
Supplier File 
Supplier Intelligence Information 
Supplier Lists 
Price Details 
Supplier/Material Linking 
Automatic Price Updating 
Materials by Supplier List/Enquiry 
Order Status Enquiry 
Outstanding Orders by Supplier Enquiry 
Outstanding Orders by Material Enquiry 
Order History Enquiry (by Supplier, Order) 
Invoice History Enquiry (by Value, Order, Supplier or Invoice 
Reference). 

ORDER ADMINISTRATION 

• 
* 
* 

• 
* 
* 
* 
* 
* 
* 
• 
* 
* 
* 

Automatic Orders 
Manual Stackable Orders 
Text Processing 
Order Amendments 
Order Acknowledgements 
Confirmation Orders 
Order Print. 
Multi-item Orders 
Goods Receipts Entry 
Supplier Returns 
Invoice Entry (Orders in System) 
Invoice Batching/Reconciliation 
Automatic Approval of Invoices 
Payment St.ops (by order or supplier) 
Purchase Ledger Interface 
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MANAGEMENT INFORMATION 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Order Status Enquiry 
Order History Enquiry 
Invoice History Enquiry 
GRNI 
Commitments 
Invoice Blacklist 
Daily Batch Report 
Performance Statistics 
Conprehensive Expediting/Project Enquiry System 
Supplier Performance 
Invoice Price Variations 
History Analyses 
Inflation Report 
Costing Report 

CONTROL DATABASE 

* 
* 
* 
* 
* 
* 
* 
* 
* 

Group structure and conpany profiles, addresses etc. 
Authorised users 
Standard Financial parameters - e.q. VAT and currency rates 
Conpany calendar information 
Error messages, field names and report headinqs 
Payment terms 
Invoice Approval criteria 
Product groupinqs 
Standard clauses etc. 
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3, GENERAL l\'I'TRIBUTES 

IPS is constructed to allow the user to iD"plement the various elements 
in stages. The Control Database sub-system enables the user to tailor 
the functionality of the system to meet. specific requirements. The 
interactive transaction processing facilities together with the fully 
integrated database ensure the availability of timely and up-to-date 
management information. 

Key attributes of JPS are:-

* User specified control parameters 

* On-line input of transactions and maintenance data 

* Interactive update 

* On-line enquiry to current and historical information 

* Full audit trails and recovery facilities 

• Full security controls 

* Flexible processing schedules 

* Ability to interface with other systems 

* Ease of maintenance 
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4. DESCRIPTION OF JPS 

IPS consists of the following modules: 

Material Catalogue 
Supplier Details 
Pricing Information 
Full Order Administration 
Conprehensive on-line enquiries 
User Controlled Reporting 
Interfaces to other systems 

4.1 Material Catalogue 

Materials within a purchasing system will usually fall into one of 
three categories: 

a standaz:d item, which is purchased regularly and for which 
demands are met from stock. 

a standard item which is purchased regularly but not stocked -
supplies when received going directly to the end user. 

a non-standard item or service. 

The materials catalogue in IPS is used to handle all buying information 
for materials in the first two categories. Items may be stocked at 
multiple locations. JPS also allows the materials defined in the 
catalogue to be grouped into "families" since much of the descriptive 
information for one material in the system may be common to several 
other materials. An additional benefit from using this structure is 
that classified lists of materials stocked are easier to produce. 

For the third category of material, the descriptive information is 
usually obtained from the puchase requisition document and is entered 
directly into the order. 

4.2 Supplier Details 

IPS provides a supplier file maintenance facility which can be 
restricted to authorised personnel. Information held on the supplier 
file, relating directly to purchasing includes: 

minimum order value (if i111>osed) 
payment terms 
conditions of purchase agreement number 
supplier name and address 
cumulative value totals, both for orders and invoices, year to 
date and last year 
carriage charges are monitored, together with the total number of 
invoices. 

In extreme circumstances, all payments may be stopped to a suppll.er, or 
invoices for a particular supplier may be prevented from being 
automaticaly approved by the system. A scratch pad area is provided 
for the buyer to record useful information about the supplier -
retrieval of this information is on-line. 
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4.3 Pricing Information 

Pricing information is held in !PS as one record for each supplier/ 
material combination. Each material in the cataloque may have an 
unlimited number of price records against it. Individual suppliers may 
be nominated as the preferred supplier for a material at either 
individual locations or across all locations. 

Information held on the price record includes current price, discount 
structure, contract reference number (if appropriate), carriage 
information and locations served bY this supplier. 

IPS automatically maintains expenditure information for each supplier 
per material record. The expenditure is held as quantity and value 
totals for the year-to-date, last year and the previous year. The 
information on the price file is available on demand through a rapid 
response enquiry. 
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4.4 Order Administration 

4.4.1 

4.4.2 

This section describes how orders are raised and printed, and how 
subsequent amendments, receipts and invoices are handled. 

Text Processing 

One convenient feature of the system is the ability to retrieve 
standard paragraphs of text, and incorporate these into the purchase 
order on printing. All such paragraphs are retrieved from tables, so 
changes to wording are very easily acconplished. 

Each paragraph is called up by using a short mnemonic code, 

Types of Order 

There are three basic methods of raising orders: 

for stocked items (which are not automatically re-ordered) the 
purchase order is initiated through a "stock review" procedure. 
Since the bulk of the information has been pre-set by the user, 
only a sinple confirmation of the order content is required in 
most instances. 

for stocked items which are automatically ordered JPS will raise 
orders on the preferred suppli~r based on suggested orders from 
MRP. These automatic orders are summarised on a report which is 
normally produced at the start of each day. Prior to the order 
print run, the user may amend or cancel any of the automatic 
orders - the orders must then be released on a factory basis 
before the modified orders are printed. 

for non-stock items, the information has to be captured from the 
indent or purchase requisition. There is necessarily a 
significant amount of data to be entered, and this tends to be 
carried out by typists using visual display units. 

Once entered, both types of order are treated identically, and 
appear in the same form to the supplier. 

Stocked Item Review 

The review of an item suggested for ordering by MRP is carried out 
interactively by the user at his terminal. The steps are as follows: 

he identifies the material, and verifies the description which is 
displayed to him 

he approves the supplier to him, or selects an alternative from 
those held on the price file. 

control figures are also immediately recalculated and displayed, 
including Economic Order Quantity, Re-order level, Safety stock 
and lead time. 
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he determines and enters the order quantity, and approves (or 
amends) the delivery date1 he can also add any special 
instructions for the supplier. 

finally he enters the order number, or allows the system to assign 
an order number and provided all the information is correct, 
releases the order for printing. 

The whole of this process can be acconplished with a minimum of 
keying. 

Facilities are provided for confirmation orders, for multi-item orders, 
and for "local stockist" or weekly orders. In the latter case, the 
order is not printed immediately, but held open for a week - further 
items will be added throughout the week and a large multi-item order 
generated at a pre-set time. This minimises the amount of paper 
generated for low-value items. 

Non-Stock Item - Order Entry 

As mentioned above, this tends to be a high speed data entry function. 
The indent forms the source document, has information added to it by 
the Buyer before entry, identifying supplier, price and so on. 

The order consists of a heading, item lines, cost allocations and 
buying analysis information. Up to 99 items are allowed per order, and 
individual lines may have split cost allocations. The buying analysis 
is used for later information retrieval from the Order History file. 

It is possible to call up a standard description bY quoting a material 
code, even if this is not, a stocked item. Similarly, standard 
paragraphs may be called up and embedded within the order description. 

Order Amendments/Acknowledgements 

Changes to existing orders are usually processed directly, the system 
will display the Order on the terminal and the required fields are 
changed. Virtually any field of informat.ion may be changed, subject to 
security clearance. 

A special high-speed routine is provided for acknowledgements - this 
takes the user through only those fields likely to be changed -
suppliers' reference, delivery date and price. 

On complet.ion of a change, the user can instruct the system t.o print a 
formal amendment order, to reprint the order from scratch, or to 
suppress printing. 

One special form of amendment is order closing, which prevents any 
further transactions (receipts, invoices) against an order. For 
security reasous the order is not removed from file immediately. 
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order Printing 

A "same day' service is provided on order printing - an order raised 
anywhere in the system will be printed· and in the post to the supplier 
on the same day. 

Amendment orders are produced on the same order stationery. 

Multi-page orders are provided, with continuation facilities1 full 
stationery line-up and re-start facilities are also provided. 

Goods Receipts 

Entry of goods received is a high-speed process1 iP111ediate verification 
of the information takes place against the Purchase Order held on file. 
Multiple deliveries against an order item are allowed and tracked, and 
it is alsopossible to accept and hold an invoice pending the receipt of 
goods1 returns to supplier are processed. 

If this is the first receipt of this item against this order, then the 
purchasing lead time on the stock record for that item is automatically 
updated. 

Invoice Entr1 

When the invoice is received from the Supplier, it is immediately 
registered within the computer system. For control purposes, this is 
done in batches of 20-30 documents and control totals kept. If the 
invoice balances within itself, and if it matches the quantity 
received it is teated for automatic payment approval. This can take 
place if the invoiced price matches the order price within criteria 
specified by the user. 

If automatic approval cannot be given, the invoice has to qo to the 
Buyer (and possibly the originator) for manual approval. 

Invoices can be accepted which do not match orders in the system - for 
exanple for electricity, gas etc. This provides for comprehensive 
control reporting and analysis of all purchases. These invoices may 
also be registered prior to approval being obtained. 

For security reasons, cumulative totals are kept by supplier to show 
any "drift" between order prices and invoice prices. If the user feels 
that a Supplier is taking advantage of the automatic approval process, 
he can put an i111111ediate "stop" on that supplier, after which all 
invoices must be manually approved. 

For payment purposes an "interface" file is generated for transfer to 
the Accounts Payable System. 
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Order History 

Facilities are provided for "off peak" enquiries into the Order History 
which may be very large in volume. The enquiries can specify any 
combination of1 

location (site) 

order number 

product group 

supplier 

range of dates 

material r.::ode 

noun 

type 

material type 

purchase analysis code 

The system will search the order history, remove details of all order 
lines satisfying the combination of criteria, and provide a printed 
analysis. 
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4.5 Comprehensive on-li.ne enquiries 

In addition to those facilities within MM/3000, IPS also provides 
enquiries on: 

materials 
suppliers 
prices 
order status by material, supplier or order number 
order history for completed orders 
invoices awaitinq approval 
expenditure by material or by supplier 
invoice history 
ei(peditinq status 

4.6 User Controlled Reportinq 

IPS provides several reports - these may be run at regular intervals or 
on demand. A list of these reports is provided in the checklist of 
features section. 

In order to aid the user in scheduling reports, IPS provides a complete 
job scheduler which can handle any job in the system on either a 
regular or ad-hoc basis. For those jobs within IPS that require 
parameter input, the scheduler offers on-line validation of the 
parameters. Jobs may be scheduled to run daily, weekly, monthly or 
on any regular cycle. The schedule may be amended by the user and the 
system provides comprehensive information on the current status of the 
schedule. 

4.7 Interfaces to other systems 

The system provides an interface into Accounts Payable as standard. 
This interface passes details of invoice payments and costs. 
Interfaces are also available to pass accruals and stock consumptions 
into the General Ledger. 

Due to the system's modularity it is a simple task to build further 
interfaces into the system. These would include interfacing with sales 
order processinq and job costing. 
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Getting Started in Data Capture 

Getting Started In Data Capture 

Bruce Toback 
lufotek Systems 

1400 N. Baxter St. 
Anaheim, CA 92806 

U.S.A. 

I. Introduction 

Over the past decade, on-line computer usage has been replacing traditional batch usage at an in­
.::reasing rate. The reasons for this transformation are many, but most center around responsiveness: 
the ability to use the computer as an information source in real time, asking questions which require 
the most current answers. 

In point of fact, however, a large portion of this transformation has been the replacement of batch 
systems with ''faster" batcla systems. Data are still collecte•l and recorded manually, then sent lo a 
terminal operator for entry into the "on-line" system. This method has advantages over traditional 
batch systems in that data are made available sooner than with conventional batch processing and 
inquiry is easier, but responsiveness can still suffer. An adtlitional consideration is !he accuracy of 
information presented to the computer. In both traditional batch systems and "on-line" bah:h sys­
tems, information is copied at least twice and perhaps several times on its way to the computer. Each 
translation increases the chance for error. 

More recently, source data capture has been introduced. The idea of source data capture is not new, 
of course: every mechanical cash register is a source data capture facility, recording sales transaction 
information as each transaction occurs. Using source data capture as input to a computer, however, is 
a relatively recent innovation. Data capture has been in use quite extensively in the retail sales field 
in the form of point-of-~ale terminals and is now being used in manufacturing as well. 

This paper is intended as an introdutelion to data capture. It will serve as a guide during a data cap­
ture project definition, and provide a list of ideas and issues to focus on as you design your data cap­
ture system. 
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II. When data capture Is used 

In general, data capture is useful in a 
manufai;luring environment when at least 
one of the following is true: 

o The information needed is high-
ly volatile (i.e., changes 
frequently) 

o The information needed is too 
voluminous to be recorded and 
keypunched in a timely manner 

o The information required is al­
ready available in machine 
readable form as a by-product 
of an existing manufacturing 
opera lion. 

Note that in general, source data capture 
means only that information is reconled 
elci;lronically as soon as it is generated. This 
may mean that electronically-assisted means 
exist to capture the requrired information or 
may simply mean that the person creatinf 
the information (e.g., the sales clerk or sto.; 
clerk) enters the information by hand into a 
suitable terminal. 

Let us examine each of these criteria in 
detail. First, information may be considered 
volatile when its lifetime is shorier than the 
tum-around time of the system used to 
record it. For example, on a fast -moving shop 
floor, a given assembly may move in process­
ing from operation to operation several times 

in one day. If information is entered and 
recorded once a day, the report will he ac­
curate only for those assemblies that are 
stuck. This kind of reporting is usually of 
limited value. 

Information which is too voluminous to be 
keypunched normally can include such things 
as point-of-sale inventory transactions, e.g., 
sro.:ery checkout; kit pull information when 
lot tracking is in use; and of course, job track­
ing information on a busy shop rtoor. In 
general, the volatility of information is re­
lated to its volume: information which con­
sists of only a few data items can usually be 
entered into a data proce~"Sing system in time 
to be reported before the end of its useful 
life. 

Finally, information which may already be 
available in machine readable form includes 
such things as, again, gro.;ery checkout, where 
UPC or EAN codes are pre-stamped on pack­
ages by the manufacturer; electronic time 
clocks which can record time and attendance 
information at the same time that an 
employee's time card is being punched; and 
electronic test equip111ent which may be 
computer controlled. In some cases, as in 
retail checkout, the machine-readable coding 
may be inherent in the operation being 
tracked by the computer. In other cases, such 
coding may be added al neglegible cost, such 
as when turn-arounil documents are already 
produced by computer. 

Ill. Defining your Data Capture Needs 

Once you have determined that your data 
entry needs can bl! met by a data capture sys­
tem, your next task will be to design the sys­
tem. The design can be broken down into 
three main concerns: 

o Volume capabilities 
0 v.>latility 11roblems 
o Using preexist.ing data 

Volume l'apabllltles 

In order to clesign a data capture system, an 
upper limil on transaction volume must be 
dctrrmineil. llow lhis is done depends on the 
type 1)f <lata lhal you inteml to capture, and 
•HI what capabilities already exist for ca~1t11r­
i11g it. When couverting from an "on-line 
balt;h" syslem, tlte best indi.;ator may be the 
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number of tum-around documents currently 
being keyed into the system, mullii>lied by 
the number of transactions recorded 011 each 
document. This last is very important since in 
a properly designed data capture system, each 
"real" transaction (e.g., item sold, job move, 
etc.) should e1111ate to one computer 
transaction. 

If no automated data processing facility is 
currently in use to record the infonnation 
you are trying to capture, then the volume 
should be estimated by the personnel most 
invulved with the data. 

Number of terminals Once you have deter­
mined tl1e t,ital transaction volume for each 
function you wish to perform, y1>u will need 
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to find the number of terminals re4uired lo 
support that V<'lume. The muuber of 
terminals required depends both on lhe total 
transaction volume and the number of type8 
,,f lransaclions. 

Transaction types are important becase each 
funLtion may lake a different amount of 
time lo perform, and more importantly, may 
tal:.e pla.:e al a 1liffere11t locatim1 from other 
functions. In general, enough terminals lo 
support the volume for a particular function 
should be present in the immedi•tte area of 
transaction gencrati,,n. This is self-evident 
when 111ad1ine-reatlable information is input 
through the terminals, but may not be so evi­
dent when operalor8 are rc1111ireJ lo l:.ey in 
information. If an operator 11ec1ls lo "g•• over 
to" a terminal to mal:.e an input, !he tenden­
cy will be for the operntor It> b;1tch input and 
do several transactions al one time. This may 
result in bolh translation problems as 
operators write Jown lrnnsaclions for later 
entry, or in liming problems as operators 
delay entering important information until a 
break period. 

For hand data entry, approximately five 
seconds are required for a I O-Ji11it numeric 
entry. This may be rccluceJ subslantially by 
using a 111achine-rea1lable .:ode such as bar 
code or OCR. 

Machine-readable Input Machine-readable 
input can have a significant effect 011 the 
volume capabilities anti terminal re4uire­
menls of y,,ur data capture system. First, of 
course, data entry speed can be iucreaseJ 
dramatically because operator keying is no 
longer requireJ. Bar code or OCR scanning 
can reduce the operation of entering a 
I 0-digit work order number to a single wand 
stroke, with almost no possibility of keying 
errors. However, a "one-operator, one­
slalion" arrangement becomes almost man­
datory, since sharing a "personal" Jevice such 
as a bar code wand is generally re1x1rteJ as 
difficult. If information is coming from 
another computer, as in the case of aut,>matic 
test result reporting, the system must be by 
de/i11ilion one-operator, one stdlion. 

Volatilily l'roblems 

If the data you are trying to capt me is highly 
volatile, you will need to consider scvernl ad­
ditional faclors. Most of these •11·e lrcalcd as 
application design problems, bul will need to 
be co11Hidered during your system definition. 

System availability Availability ot' the com­
puter system is of interest in even a balo:h 
system, but is much more im1-.•.-tanl in an 
on-line system. Availability is critical "' the 
success of a dala capture system dealing with 
volatile Jala. Imagine for a m••mcnl lhe 
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chaos Iha! might result from a malfunction 
of a centralized electronic door loci:. control! 
The data in this case arc extremely volatile -
someone wants in (or 0111) '"'"' - and ii is 
gone forever if it is not captured at the in­
stant it is generated. If your data arc this 
volatile, you should mal:.e provision for spare 
or backup terminals, and for rnpiil 
switchover lo a backup computer if practical. 

In a sit nation involving volatile data, ter­
minal reliability is as impurlant as ,;enlral 
system reliability. If an operator loses access 
lo the system even though I he system is still 
operational, 1lata from that operator will be 
batched or lost, or the 01>era1<1r will simply 
nol Jo any work until access is restored. 

Many of the schemes for connecting Jata 
capture terminals lo the Ill' 3000 involve 
shared equipment, leading to the possibility 
of single-point system failure. For example, 
if all terminals are on a single multipoint 
line, failure of the !NP or SSl.C, of the fac­
tory data linl:. adaptor (3074A), the cable it­
self, or certain terminal failures can render 
the entire data capture network inoperable. 
Suitable backup precautions must be taken, 
e.g., splitting the netw<•rk into two or more 
lines, or connecting critical terminals point­
to-point so that failure of an ATP, ATC, or 
ADCC can be worked around rapidly by 
moving tbe terminal lo a port on a different 
ATP, ATC, or ADCC. Tbe nel effect of these 
considerations is that you shoulJ consider the 
possibility of usin~ reJundanl barJware in 
situations in which data are extremely 
volatile. 

Data Recovery In aJdition to high data col­
lecti.'11 equipment uptime, volatile Jata col­
lection re11uires that you consiJer recovery 
methodologies in the event of system failures. 
These can take several forms. Assuming that 
retention of paper backup is undesirable, or 
that no paper bacl:.up exists lo begin with, the 
most obvious recovery technique is user log­
ging. This service, provided at an elementary 
level by MPE and at a more sophistica teJ 
level by IMAGE, causes Ml'E to allempt to 
journalize every file update to tape. The im­
plication, however, is that you are willing to 
Jedicale a serial medium, either tape, disc, or 
cartridge tape, to data logging whenever the 
data capture system is ai.:tive. You shonltl 
plan for this in determining your hardware 
re4uire men ts. 

In addition to hardware re4uiremenls for 
journalization, you will need lo examine your 
ba.:kup strategy for compatibility with log­
giu~. In parlii.:ular, if you are using ll\IAGE, 
yon sluwld use DllSTORE inslead ,,f STORE 
or SYSDllMI' lo b;icl:. up. This is IJc.:ausc the 
llewlelt -l'ackanl h'gging/recovery nl ililY, 
DllRECOV, will exami1w the last l>TIS'/'01\E 
Jale h> determine whether your lransacli,>n 
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log and data base "match" for recovery. If 
you normally <lo long-period incremental 
dumps (i.e., every two or three days), you may 
in addition be faced with a .:onsiderable 
recovery period after a system crash. While 
this is prererable to losing several days' worth 
of transadions (!),ii also causes a net decrease 
in system availability as perceived by your 
data capture operators. 

Finally, if you are not using IMAGE, you will 
need lo design your own recovery ulilit.ies for 
your data base. If you implement your data 
base with KSAM or with a third-party data 
base system, this may be an import.ant plan­
ning consideration. 

Machine-readable documents If you choose 
lo use paper backup instead of transaction 
logging, you should seriously consider the use 
of machine-readable turnaround documents. 
This will facilitate the recovery process in 
the event of a system failure, since a large 
amount of keypum:hing will not need to be 
redone. Re-keying already-entered data can 
be very destructive lo the morale of an 
operator to whom computer input may be an 
unrewarding burden in any case (see User 
Training, below). 

Using Machine-Readable Data 

If you have chosen to use data capture to 
take advantage of existing machine-readable 
data, you will need lo consider exactly how 
you will read the machine-readable 
information. 

Bar coding Bar coding is becoming extremely 
popular in manufacturing as well as retail 
environments. It is easy and inexpensive to 
generate (and may in fact already exist, as in 
the case of the UPC/EAN codes ·in the retail 
field), easily read either under manual con­
trol or automatically by non-contact scan­
ners, and is very reliable. Bar code readers are 
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made by a large number of manufacturers 
including {iu the United Stales) 111.lerface 
Mechanisms (lntermecl, llewlett-Packard, 
Burr-Brown, Epic Data, and others. Some of 
these companies in addition manufcture 
.:omplele data capture subsystem.~ for inclu­
sion 011 an existing computer system. 

Bar codes may or may not be human­
reada ble in addition to being machine­
readable. Some bar code standards IUPC and 
EAN, for example) stipulate that the code 
shall have a human-readable translalion 
above, under, or beside the code itself; you 
can, of course, design your system to provide 
the translation. 

Optical Character Recognition Less popular 
than bar .:ode is a system called Optical 
Character Recognition. Specially printed 
labels containing ordinary numerals (and 
sometimes letters as well) are read by a 
hand-held contact scanner. While the 
resulting label is smaller than a bar code 
label since the optical characters are typical­
ly more dense do not need translation, read 
reliability is rather poor with mosl systems, 
and several tries may be needed to read a 
label. OCR systems are usually manurac­
tured as turnkey add-ons to existing com­
puter systems. Some manuract urers of point -
of-sale terminals offer OCR as an option. 

Automated 'fest Equipment Automated test 
c<1uil>mcnt systems (A l'El are becoming more 
popular as prii:es of versatile systems have 
dropped dramatically. By combining an ATE 
system with bar code or some other means of 
identifying assemblies, a .::omplelely auto­
mated testing U11d inspection re.:ords system 
may be set up. lnterfa.:e to the llP3000 may 
be directly through RS-232C or RS-422 
(terminal interfaces), or through Gl'IB or or­
dinary parallel ·interfaces using the Ill' 307 8 
data collection terminal. 

IV. Design and Implementation 

System design aspects and their correspondin& 
implementation aspe.:ts may be broken down 
into four areas: 

o Topology 
o User Interface 
o Arrlica1i,111 System 
o User Training 

Topology 

The network lopology that you choose lo im­
plement depends on your needs as discussed 
earlier. l'he key <111estio11s are: 
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o Where is the data available? 
o What form does it take'! 
b Who lias the data? 
o llow will the data be commu11icated? 

Where? On the principle that terminals 
should be locate<I as close as possible to the 
source of the information that will be en­
tered through them, you will need to locale 
as precisely as p,issible the locations in your 
plant which generate lhc information that 
y,,ur system is inten<lctl to cai•ture. While this 
seems self-evident, all to<• oftc11 a locatio11 is 
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denieil a terminal because lhe usage would be 
low, even though the information gcnentled 
there is as volatile as al higher volume loca­
ti.ins. The result, of i;ourse, is "bali;hing" of 
input aml concomitant 1fala liming problems. 

Data caplurr terminals can usually be placed 
in crowded areas by using wall mounting. 
llewlctt-Pad.ard's l07bA terminal is espe­
"ially desigued for permanent wall mounting; 
its keyboard a111I display may be used easily 
while silting or standing. Wall mounting is 
also convenient when information will be en­
tered by operators while walking or driving, 
as in access control or timekeeping 
appli.:ations. 

Whal? The data lo be entered can take many 
different forms. In many instan.;es, data 
starts simply as knowledge: the receiving 
clerk knows that something has come in from 
a vendor, for example. In other cases, the 
data is part of an existing document, e.g., the 
packing slip contains a pai;king slip number 
that must be entered. If the data consists 
simply of knowledge, ii is usually most ex-• 
pedient to simply key information into a 
convenient terminal. If data are contained on 
a l'reexisting document, it may be possible to 
code I he document for machine. sea.ting. This 
is especially true if the preexisting document 
is generated within the company: the docu­
ment can be generated on a printer capable 
or printing bar code to be read in later. 

If the data to be captured exists in another 
coml'lller (an A TE system, for example), no 
conversion or keying will be necessary. 

Who? The data to be captured should be en­
lerecl by the person (or object) most closely 
associated with it. In terms or the orga11i1.a­
tion, the penon or politkal eutity that is lield 
resp011sible for the accuracy, completeness, 
and timeliness of the tracked activity should 
have the responsibility for data entry. This 
means that lerminals will be lm;ated close to 
I he peo1•le handling the data: in the 
stockroom, on the shop floor, at the receiving 
dod., and so on. Where several people have 
knowledge of a 11artic11lar physical event, the 
person who should be respc.msible for data 
enlry should be the one who 11111st have the 
knowledge for the business to run smoothly. 

As an example, consider the shop floor con­
troller moving assemblies on a shop floor. 
During normal opcralions, two rc••11le have 
the knowledge that an assembly has been 
move<I to a new workstation. The shop floor 
C\>nlrnller, of course .. is aware of it, but the 
because he or she caused lhe physical event. 
However, the assembly must be "formally" 
enh:red in the queue al the new workcenler. 
Thus, the W<lrkcenter's Slll'crvis<•r or lead 
operator, if any, should be resl'onsible for 
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1lala entry: the data capture system will then 
show lhe event only after ai;li<>n can be 
taken on ii. 

In some cases informalion will be subject to 
audit, a111l it ma) be desirable to limil updale 
ai;cess. This may be accomplislu:d with a 
ma"hine-readable ID such as a magnetic 
slriped badge or laminaled bar code. In such 
cases, it may be expedient to use a method of 
physical identificati,lll similar to that which 
is U~"f:d for automated data entry. 

How? Once an event has taken place, is dis­
cerned to have done so by somebody, and a 
record of the event has been made and en­
tered, the record must be transmitted to the 
computer. This is done either directly by the 
terminal, or by a data capture subsystem lo 
which the lerminal is connected. 
llewlctt-Packard, in general, favors lhe 
former ap1•roach; m,l51 other data capture 
vendors favor the taller. In praclice, both 
may be used for different parts or the same 
dala capture system. 

In mosl installalions, the data capture ter­
minals will be located in the same building, 
or al least in close proximity to the computer 
acting as host. The discussions which follow 
assume lhat this is the case. If your situation 
is different, you will need to explore data 
communications options, but a full discussion 
of data communications is beyond the scope 
of this paper. The principles which will be 
discussed, however, are applicable to both 
remote and local data capture terminal 
networks. 

For Hewlett-Packard data capture terminals, 
two options are available: mullip<'int cunnec­
tion, and point-to-point connection. Which 
or these options you choose should depend on: 

0 
0 

0 

0 
0 

Transaction volume 
Volalility (i.e.1 minimum 
required reliabi ity) 
Proximily to the computer 
site 
Cost 
Flexibility 

The first of these, and the one usually 
recommended by llewlett-Packard, is multi­
point. llcwlett-Packard offers two different 
hardware implementations of this soft ware 
protocol. 

Standard multipoint requires that all data 
capture terminals be connected in a "string," 
i.e., '\laisy-chained" together. Cabling this. 
arrangement over a large factory may be 
somewhal awkward, aml lhe arrangement 
tends lo be inflexible. Adding a terminal 
generally rei1uil'es extensive a1ldilional ca­
bling amt in mos! cases will re1111ire lhal the 
dala capture system be shut d,,wn 1luring the 
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installalion. In addition, the method is 
limited in the distance that it ,;an cover, and 
its immunity to electrical interference is 
somewhat limited. 

The immunity of ordinary multipoint to 
single-point failure is limited by the length 
of the string. If 11 terminal fails, ii will usual­
ly prevent operation of all terminals beyond 
it in the string. 

The Factory Data Link, or mullidrop, is an 
arrangement wherein many terminals share a 
common "supply" line, rather similar to 
houses along a water main. Physically, the 
data link consists of a fairly thick cable 
which may be initially installed as a loop 
around the inside of a buiMing. The data link 
is limited to a maximum of five miles i11 
length or less depending on the locations of 
terminals relative to the computer site. Data 
i:apture lermina Is are "tapped" into this line 
in much the same way that sprinklers are 
"tapped" into a garden hose. Each "lapped" 
terminal may have more terminals daisy­
chained onto it as ordinary multipt,int ter­
minals. The meth,)jj is very flexible, since in­
stalling a new terminal involves only lapping 
into the line at the point closest lo the site of 
the new terminal, or daisy-d1aining off an 
existing terminal if a second terminal is to be 
att.led to an existing data capture site. Adding 
a terminal disables only part of the system, 
and that only for a few minutes. Removing a 
terminal from the factory data link will 
usually nol cause any downtime. Noise im­
munity characteristics of the factory data 
link are excellent; the data link will often 
function in environments with such high 
levels of radio frequency interference that no 
other connection method will permit error­
free operation. 

Immunity to terminal failure is very poor, 
however. Failure of a sin11le daliJ capture 
terminal can potentially "hang" all other 
termiuals sharing the Factory, Data Link. 

Both multipoint connection methods, the 
daisy-chain and the Factory Data Link, are 
quite susceptible to single-p,>int failure since 
many terminals share, at a minimum, a com­
mon computer interface and communication 
line. Failure of either of these components 
will cause the failure of all terminals in a 
network. For this reason, it is usually best to 
split a network into two or more "subnet­
works" if a multipoint protocol is to be used. 

If transaction volume is very high a11d tt1e 
anwunts of data transferred per transaction 
is large, performance can suffer. Be~ause 
only one terminal can be using the common 
line al any 1iiven time, one very busy ter­
minal can use most of the communication 
capahility available. This musl also be 
considered when tlesigning the tlala c.iplure 
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network topology. But because of this facility 
sharing, the communication cost per terminal 
is 11uitc low. 

Point-to-point connection of data capture 
terminals has few of the disadvantages of 
multipoint connection. Immunity "' terminal 
failure is excellent, since all common ele­
ments in the i:ommunication facility are 
thoroughly isolated from the terminal itself. 
Failure within lhe communication interface 
may easily be remedied by swih:hing plugs 111 
Ille comp111er site, an option not easily avail­
able with multipoint connecti,)n. 

The chief disadvantages of point-lo-point 
connection are the need lo run separate 
,;ables for each terminal lo be connected, 
resulting in decreased flexibility and sig­
nificantly increased cost, and relatively low 
immunity to electrical noise. 

Designing the User Interface 

One of the most significant roadblocks in im­
plementing a data capture system, and one of 
the least quantifiable, is simply gell/11g people 
to use Ille sy:;lem. One of the key consi<lera -
lions in this is the "user interface" - that part 
of the system which the user sees. 

An almost universal characteristic of a data 
capture system is that the operators doing the 
most input usually have tile leut to gain 
from having the input done. This is in sharp 
contrast to batch systems or "on-line batch" 
systems in which the operators primary 
responsibility is to enter data. For the 
operator of the data capture system, then, 
maintaining the 8ystem is a burden rather 
than a part of lhe job. 

By properly designing the user interface, this 
burden can be made as small as possible, and 
some element of reward can be introduced to 
make using the system more palatable. In 
general, the interface designer should be con­
cerned with simpllclly and /eedbt1ck. 

Slmpllclly Most <la.ta capture transactions 
will involve several steps, possibly imple­
mented with a question-and-auswer 
dialogue. If lmssible, this dialogue should be 
designed out of the user interface thnm1ih 
the use of machine-readable documents. For 
example, consider the dialogue which might 
be required to move an assembly from one 
workstation to another. The important ele­
ments of the transaction might be the work 
order number on which the assembly is bt'ing 
built, the worhenler being moved from, lhe 
workcenter being m1wed to, and the quantity 
being moved. The system sl1<mld generat.c all 
anci11ary information such as the dale and 
time of the nwve. In a dialogue, lhe 
transaction might be: 
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Computer: 
User: 
(-.•mputer: 
User: 
Computer: 
User: 
Computer: 
User: 

W/01? 
415824S <enter> 
FROM OPH? 
45 <enter> 
TO OPH? 
SO <enter> 
OUAHTITY? 
100 <enter> 

This transaction requires 18 keystrokes and 
rei1ui1·cs wailing for computer response after 
each of four entries. (These count a single ini­
tial keystroke for beginning the transaction.) 

The transaction can be shortened somewhat 
by using defaults: 

Computer: 
User: 
C•>mputer: 
User: 
c,llnpuler: 
User: 
c,•mpuler: 
User: 

W/01? 
41S824S <enter> 
FROM OPH 4S? 
<enter> 
TO OPH SO? 
<enter> 
OUAHTITY 100? 
<enter> 

This example requires only 12 keystrokes, 
since the application tries to anticipate the 
user's responses by checking existing informa­
tion abonl the work order. 

The transaction can be reduced still further 
by using a computer-generated work order 
form with bar codes pre-printed: 

User: 
Co1111>uler: 
User: 
Computer: 
Use1·: 

(Wa11ds composite FROMJ 
W/01 415824S: 45 TO -? 
(ll'1111ds <'omposlte 1'01 
OUAHTITY 100? 
<enter> 

This example requires only one keystroke and 
two bar code reading operations. 'l'he '\;om­
posile" is a bar code digit string containing 
the work. order number, !he operation num­
ber, and a transaction code meaning "move 
ai<Sembly." The operation code is ignored 
during input from the 'l'O? query, e.g.: 

041SB2450045m 

Thus, by careful choice of user interface, 18 
keystrokes and four waiting periods have 
been reduced lo three keystrokes or user ac­
tions, and only two wailing periods. These 
waiting periods can be made quite short with 
proper application program design. 

f'eedback Because the primary responsibility 
of the data capture operah•r is typically 
something besides data entry, ii is imrorlant 
that he or Nhe receive some kind of fecdba.:k 
or 1·eward in return for entering the tlata. 
This will us11;1lly consist of an acknowledging 
beep or message, but should include some 
additional information when possible. This 
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may be difficult to a.:hieve, but might come 
in the form of a count of units of prnduclionf 
e.g., number of units tested today or Iola 
from this lot. This serves to give the operator 
a sense that something inside the terminal i:r 
listc11i11g. Giving lhe operator a printed 
s1111uuary of the previous day's input can 
serve the same purpose. In general, the impor­
tant point will be to insure that the operator 
realizes that some concern exists that the 
data entry part of the job gets done as well. 

The amount of feedback should be propor­
tional to the amount of work required for 
keying in. If the operator is simply required 
to run a bar code wand over a tag on the as­
sembly, or to drop a card into a slot, little 
feedback will be required. If some dialogue is 
required, as in the above examples, more 
feedback should be provided. 

Designing the Application System 

Designing application programs for a data 
capture system requires attention lo some 
aspects of programming that are not normal­
ly given much weight in ordinary batch or 
on-line processing. In particular, the 
programmer for a data capture system must 
pay attention to: 

o lligh transaction volume 
o lligh reliability and fail-soft operation 
o Uigh volume reporting 

High transaellon volume 

When the number of transactions to be 
processed is very high, special attention must 
be given t•' such aspects of application design 
as rile locking, transaction selection 
methodology, and general response time op­
timization. Because the key lo all a successful 
data capture operation is a good user inter­
face, and because a good user interface will 
derail the Ol'erator's primary activity for as 
short a time us possible, every effort must be 
matle to shorten response time. An execllent 
paper on this subject was presented at the 
North American meeting of the lll'lllG in 
19831. This paper covered various aspects of 
application design relative lo response time 
and overall performance. 

Using IMAGE 

or considerable importance lo maintaining 
adequate transaction volume is the use of 
record-level locking when using IMAGE. 
Because many operators are likely to be ac­
cessing a fairly small group of high-use 
reo:ords, attention should be given lo 111ini­
mi1.ing locking conflicts; locking at the 
1,1wesl possible level is therefore a neo:essity. 
In addition, l'llTs to detail data sets sh,Htld 
involve primarily data sets with few paths. 
S..•rted cl1ains, unless used for maintaining 
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chronological sequences, should be avoided. In 
addition, if several records on a chain must 
be manipulated, as in lhe case of the work­
in-process tracking example above, the 
records should be manipulated in core lo 
minimize the number of physical I/O's 
required lo finish the transaction. 
Programmers should be willing to sacrifit;e 
simplicity for performance in this response­
time critical situation. 

Menu Seledlon 

Many traditional menu selection schemes rely 
011 process handling, creating and launching a 
new process for each transaction, or group of 
similar transactions. 1'he overhead of I his 
operation is unacceptable in for high transac­
tion volumes and should be avoided. Other 
methods, such as using the menu (function 
selection keys 011 the terminal) to selectively 
call procedures in a single large program rile, 
will improve response time and decrease 1/0 
and memory resource usage. Since program 
cotle is shared among all users of a particular 
program, i:onsiderable simplicity of design 
can be achieved along with a performance 
ini:rcase by usins this method. Common data 
base access routines should be placed in a 
single segment and shared amona all transac­
tion executors. 

One helpful system design method is to avoid 
hard-coding menu parameten in your ap­
plication program. If the proaram is designed 
to configure the function-to-key correspon­
dence from a file, it becomes possible to 
provide each terminal in the data capture 
system with a subset of functions from a 
sinlllc large library. This feature becomH in­
creasingly useful as your organization gains 
experience using the data capture system, 
since functions can easily be moved from 
terminal site to terminal site as the initial 
expectations inherent in the original design 
are modified. 

Reliability 

More than any other computer application, 
data capture systems require highly reliable 
software. While all software should be bug-

. free, data capture software with its limited 
communication back to its users, and its 
users' extremely limited computer training, is 
particularly dependent on non-stop, predict­
able, and accurate operation. 1'be system 
shoul1I be designed to the areatest extent pos­
sible lo be immune from problems from sys­
tem failures, data base problems, program 
bugs, and especially user input. 

Immunity from system failures can be 
pHwi1lcd in a numbel' of ways. l'or a data 
.:aplure sy>1lem using IMAGE, lhe best way 
seems lo be user 1,1ggi11g. While requiring 
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extra programming and extra design 
allention to be used effei:tively, transa.:tion 
lo1111ing can provide up-to-the-minute bac­
kul1 for a busy data capture system. 

Dala base problems represent a broad class of 
difficulties such as broken chains in IMAGE 
data bases, DATA SET FULt errors and their 
equivalents in non-IMAGE systems, concur­
rency problems, and other difficulties in ac­
cessin11 or updatina data on an otherwise 
healthy system. In general, the application 
should perform whatever checking is nei:es­
sary to commit the tl'a11sactio11 lo s11cued. 
1'bis means checkina data set c;1pacities, in­
suring that records have not changed across 
locks, and perform whatever logical {dala 
dependent) checks are necessary before ac­
tually updatina the data base. Problems 
which are found shouhl be rel>orted lo a 
central controlling process which can shut 
down the data capture system and inform the 
computer operator before any damage is 
done. In addition, the data capture system 
must Immediately inform its Ol'eralors that 
the system is 110 longer available. Otherwise, 
the operator may continue to "input" data, 
unaware that the system is no longer 
li$tening! 

In order to prevent program bugs from caus­
ina serious damage, programs should be self­
checking whenever possible. For example, if 
inventory counts are kepi in several placc1 
(possibly split in several different ways), any 
time two or more counts are available, they 
should be com pa red. If an error is found, the 
problem should be rerorted to the operator 
and depending 011 the potential seriousness l>f 
the problem, the data capture system should 
be shut down aulomati.:ally. This strategy 
will prevent a "cancer" from occurrina be­
cause llf later transactions relying on the in­
correct data. 

In some cases, it is possible to repair damage 
lo the data bilse iii real time. for example, if 
it is possible to check a summary field against 
its details, this should be doue whenever it is 
not inconsistent with performance. (This does 
not mean that the data che.:k must exe.-:ule 
rapidly; it may simply be performed as part 
of an infrequently-used function.) In the 
event of a discrepency, the damaged sum­
muy field should be repaired and the error 
logged. In this way, it is poi;sible lo insure 
maximum availability of the data capture 
system, while simultaneously maximizing its 
reliability. 

lllgh-vohame reporting 

In using a data capture system, a large 
amount of data can be recorded for later use. 
While it may seem oLvious at lhe outset lhal 
these data will be too voluminous for. 



Oelling Started i11 Data Capture 

repeated rc11orting, this fact should be kepi in 
miml throughout the design of the data 
capture sy~lem. Reports sh.mid be prnvidc•I 
with significant "fillering" capabilities so as 
to prodm;e meaningful information from the 
huge amount of data collede•I. 

User Training l'rogram 

Data carture systems present a srecial set of 
user training problems in 'that the system's 
users will typically have a lower level of 
computer education than a data entry 
operator. In order to mitigate this problem, 
the application should be designed so as lo 
minimize the amount of training required. If 
a iiarticulu t ransac.ti"n requires more than 
one ster to complete, the data capture system 
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should guide the user through the transaction 
in such a way that only one palh i• p..•ssiblc. 
Error messages 11mst be phrase<I in the user's 
"native" language; computer terminology 
should be avoided. A11 1mi11tcr11re111ble error 
mt'nuge will 1101 be i11ter1m·t<·11! Failure lo 
recognize this fact will mean Inst transactions 
as user:i ignore rather than report .:ryptic er­
ror messages. 

With this in mind, an effective user training 
program will be one which slresse• training 
by example. flor single-step hansactinns, the 
data entry becomes just one more step in a 
routine tl1at the user is as already accustomed 
to as part of his or her primary duties. A 
multi-ste11 transaction will re11uire that the 
user understand something of the informa­
tion that he or she is asked to present. 

V. Evaluating your Data Capture System 
After your system has been in operation for 
several months, you should begin to evaluate 
ih pcrformano.:e and select changes to be 
111ade. Evaluating the system's performance 
relative to organiz.ati.,nal objectives is beyond 
the scope ,,f this paper, but four major opera­
ti.,nal areas should be evaluated: 

o Reliability 
o Operator acceptance 
o Information availability 
o User acceptance 

Reliability 

One repeatedly-stressed factor in a successful 
data capture system is its reliability. Uptime 
over the evaluation period should be 
measured, and any prnblcms analyzed. Have 
there been communication failures? Have 
many problems been found by self -checking 
routines? llave the automatic repair and 
shutdown facilities been effective? 

011erator acceptance 

If the system has been reliable and available, 
it is important lo measure operator resistance 
lo the ~-ystem. This is normally high at first, 
and then gra1lually decreases as data entry 
becomes a normal 1•art of the operators' 
routine. (If the system has not been acces­
sable, resistance will usually remain high 
regardless of other factors.) If resistance to 
use uf lhe syslem is high after the system has 
been in place, the causes should again be 
analy1.ed. llave terminals been put in the 
right places'! Are there enough terminals lo 
prevent operators from stamling in line? ls 
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response time low enough? Is the user inter­
face too complex, thus imposing a burden on 
the operator? Is i11sufficient feedback being 
provided? 

Information availability 

Since the primary purpose of a data capture 
system is to provide information which was 
too costly to gal her with ordinary batch or 
semi-batch processing techniques, the first 
evaluation is whether the system is capturing 
the data it was designed to capture. If the 
operators have accepted the system, informa­
tion should be available. If not, the design 
factors t111ed relative to timely and useful 
presentation of information may need to be 
reexamined. Can reports be pro•luced on an 
exception basis if desired by users? Can in­
formation on reports be tracked directly to 
physical activity monitored by the data cap­
ture system? Can information be obtained 
on-line so that useu can "watch• the system 
W•>rk? Are users confident that they know 
the source of all of the data prese1ited to 
them? 

User acceptance 

Finally, if information is available, properly 
presented, users shuulll accept the sysle111. 
Acceptance means usi11g the results of the 
data capture system in their daily operations. 
If in fact decisions are made 011 the ba11is of 
information captured by y.,ur data capture 
system, it is by ddinit ion successful. After 
all, that is the end purpose of informati,1n 
systems! 
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Abstract 

Experience with engineering software at Britoil includes 
extensive use of mainframe packages b.lt also a nllllDer of key 
systems are installed on the oonpany's network of HP3000 
conputers. In particular many of the structural engineering 
calculations required by engineers within Britoil may be handled 
on the HP3000. 

To provide an effective envir<>nlll:!nt for stress calculations 
requires careful attention to the way information is handled. 
The Britoil Stress System conprises a set of inter-linked 
programs and packages several of which require the maxilllllll stack 
allocation. 

Significant usage is made of the structural graphics packages 
FEMGEN and FEMVIEW to generate data and view graphical output. 
These are linked to the main structural solver STRESS with pre­
and post- processors which include bandwidth optimisation and 
API code checking. To provide a fully integrated system which 
engineers can use without having a detailed knowledge of the 
conputer system presented an interesting challenge for 
engineering software specialists. 

Particular problems were encountered:-

-Li.nkage of 10 systems using the restricted 32K stack size 

-Enulation of a 'l'EK'l'R:lfIX terminal progranmatically 

-Interaction with an HP7220 series plotter when the terminal is 
used in 'IEK'ffiONIX enulation mode. 

By extensive use of MPE Intrinsics an envir01111¥:!nt is created for 
the structural engineer which minimises his problems of file 
management and considerably decreases the am:runt of information 
he is required to know about the conputer system itself, The 
resulting system is independent of terminal type and requires no 
special knowledge of particular configurations of printers and 
plotters found in different locations. Each individual user 
manages his oWt\ set of files used for input to the packages and 
for oollllllnication between related packages. Access to the MPE 
System F.clitor is provided within the system to allow 
manipulation of input data files. The system is now being used 
by structural engineers throughout the Corporation. 
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Backgrouoo 

As the activities of the British National Oil Corporation 
developed in the late 70's, it became apparent that 
structural engineering software was required. Initially this 
requirement was met by accessing Bureaux packages wt due to 
the level of usage and the resulting suR;>ort required it 
tecame desirable to provide an in-house facility. 

'l'he structural analysis program srRF.SS was acquired from the 
HP USER CCNI'RIBUI'ED LIBRARY and IOOUnted on two of the 
Corporation's then three HP3000 Series 3 c<>npJters (at this 
time the Corporation had no mainframe). 'Ibis program proved 
to be reliable and was soon being used extensively throughout 
the Corporation. 

Users of structural analysis prograns encounter two main 
problems: 

- setting up the conplex input data required and ensuring 
its integrity 

- analysing the mass of output produced to identify the areas 
of particular interest 

After llllch consideration it was decided that the software 
package FEGS* (Finite Element Graphics System) be acquired to 
relieve these two bottlenecks. 'l'he system was duly purchased 
and l!Klllnted on the relevant HP3000's (early 1981). 

With the aid of the in-house written pre and post processors 
the Sl'RESS program became the nucleus of a conplete 
structural analysis system and the FEGS package the R¥?ans 
through which the engineers could graphically generate their 
data and interrogate the results of analysis. 

Fig.I. shows the typical order in which STRESS, FEGS and the 
several in-house packages would be used to carry out a 
conplete structural analysis. At that time (early 1982), 
each of these packages was stand-alone with its <:Mn conmand 
procedure and file allocations. 'lhe consequent nultiplicity 
of conmands and files required led to problems in usage of 
the conplete system. In addition use of the graphics and 
plotting facilities required that the user have different 
specific terminal types for each operation which proved 
extremly clumsy in practice and needed inprovement. 

'J.bese engineering functions of the Corporation were part of 
the activities transferred to the new conpany BritoU 
during 1982 and it was after this date U1at proposals to 
upgrade the STRESS system were inplemented. 

* FEGS Limited, 
2 All Saints Passage 
Canbridge 
CB2 3LS 
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Description of System 

The Britoil STRESS system oonprises of a set of inter-linked 
programs and packages several of which require the maxi111J111 
stack allocation of 32K. Significant usage is made of the 
structural graphics packages FEMGEN and FEMVIEW to generate 
data and view graphical output. These are linked to the main 
structural solver STRESS with pre and post processors which 
include CPU optimisation and API & AISC checking of resulting 
stresses. 

Fig.2. shows an outline of the Britoil STRESS system: 
- it enables the user to run through a oonplete structural 

analysis easily, minimising his problems of file 
management and oonsiderably decreasing the aDKlllnt of 
information he is required to know about the oonputer 
system itself 

Initially a user is presented with the Main Menu (Fig.3.), 
Choosing option 1, an analysis program, leads to a 
further menu (Fig.4.). After selecting a specific program 
from this menu he is pronpted for required file names. The 
main program is then suspended during operation of the 
analysis program and upon its oonpletion re-assumes oontrol. 

~tion 2 (HELP) causes display of a specific Help Menu 
(Fig.5.). Oioice of an option from this mnu will cause a 
brief description of that program's function/a to be 
displayed. This Help information (Fig.6.), is stored in a 
central file to facilitate changes and extensions to the 
system. 

Selecting the system Wl'Pl1l' option (3) displays the Wl'Pl1l' 
menu which offers the choice of terminal, local matrix 
printer or the printer output. 

Ootion 4 (Plotting), enables the user to obtain a hard-copy 
by a local flat-bed plotter of graphical displays previously 
set up within the FEGS suite (JAl<GEN, FEMVIEW). 

Choice of ~tion 5 (Editor), provides access to the HP3000 
EDIT facility with its full range of capabilities. Upon 
termination of the EDiroR 1oontrol is returned to the Main 
Menu. 

~tion 6 (Amendments to Previous Version), accesses the 
central file, retrieves a list of differences/enhancements 
between the current and previous versions of the system, and 
displays the .l\MENtMENTS information on the screen. The 
current version nwitier is displayed at the top of the Main 
Menu. 
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The engineering users concerned have access to a varied 
hardware enviroruoont including the followin<J:-

HP2623 
UP2626 
HP2645 
HP2647 
Tektronix 4014 

HP7220 
8P9872 
HP75808 

HP2631 

Graphics terminal 
Terminal 
Terminal 
Graphics terminal 
Terminal with linked thermal hardcopy 

Flatbed plotter 
Flatbed plotter 
Drafting Plotter 

Local Printer 

The Stress System is available on an HP3000 Series 64 in 
Glasgow and an HP3000 Series 33 in Aberdeen. These machines 
are part of Britoil's DCX Network which allows COlllll.lnication 
between the different Britoil staff locations and the 
COD'IQter facilities spread iUIPll<JSt locations. 

Engineers use the system on their local machine but in the 
event of this being unavailable they have the ~rtunity of 
using an alternative machine. 

The following facilities are built into the system 

- Switch Terminal Enulation where required by graphics/ 
plotting software 

- Print files locally or remotely 
- F.dit data files 
- Advice to user of conpletion of Stream Jobs 

These facilities provide the engineer with his own operating 
environment without the need to understand systems intrinsics. 

Software Capabilities 

Objectives 

The capabilities required to link the BRITOIL STRESS 
SYSTEM together are: 

- running programs within programs 
- alter Terminal Enulation from within a program 
- create, allocate, purge and stream files from within 

a program1 also to check their status 
- alter Terminal Characteristics (eg: l'X:HO) 
- advise of oonpletion of relevant stream job 
- the 11Dre changeable aspects of the system should not 

necessitate reconpilation if llDdified. 
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Solutions 

The infrastructure of the BRITOIL Sl'RESS SYsrEM is linked 
together by a FORJ.'RAN program C2000 lines) which 
controls file allocation, terminal characteristics etc 
and becomes the Users Operating System. 

The 11Ethods used to provide the facilities required are:-

MPE Intrinsics 
rnEATE and ACl'IVA'l'E 

MPE Intrinsics 
FNUM, FCONI'OCIL 

- Used to suspeoo main program 
and run existing stand-alone 
software (STRESS, FEXlS, FCOPY, 
EDITOR etc. ) 

- Used to interrogate terminal 
type and alter if required for 
graphics.plotting (FEGS/ 
CAUnfP) 

MPE Intrinsics - Used to Create, Allocate, Purge 
FOPEN, CXM>IAND, FCWSE, and Stream files1 also to check 
WHO their status. 

FCCNI'OClL + 
Terminal Display 
Sequences 

Central File Contents 

- Used to alter terminal 
characteristics and send 
11Essages to the graphics screen 

All sections of the system of a llk)re dynamic nature are 
held in a central file rather than the source oode and 
picked up during program execution 
These include: 

- Analysis Program names 
- Several Display statements eg Main Headings 
- Help information 
- Amendment Information 
- Error messages and their level of fatality 

This avoids continual reconpilation of the source for 
minor changes and gives the Systems Controller the ability 
to alter program internals during execution. 

Example Of use 

Consider the following example of the system in use. 

The simple structure shown in fig 7 is generated and analysed 
as follows:-

a. Enter the Analysis Program Menu via option 1 of the Main 
Menu, then select FRAME (option 1). 

1nis interactive program generates a cc.IMl\ND FILE 
definition of the llOOel for subsequent use in JAKGEN. 

The user supplies t.he minimum of information necessary to 
define the structural link points (nodes) as shown in Fig 
8 and FRAME automatically generates the connecting 
menr (fig 9). 
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b. Select the JAKGEN option to switch the terminal to 
graphics mode. Having read the oonmand file into JAKGEN 
the JOOdel can be altered using the cursor - for exanple in 
Fig 10 the diagonal ment>ers oonnecting the nodes 3-6, 4-5, 
0-12 have been added. 

c. ~en satisfied that the IOOdel geometry is correct, 
proceed to the option PRESTRESS, an interactive program, 
to define the ?tysical aspects of the IOOdel such as member 
diameters, applied loadings and bouooary conditions. 

This program will automatically generate the self weight 
of the structure and give the coordinates of the centre 
of gravity. 

This program generates the data file for inµit to the 
structural solver STRESS. 

d, The user may wish to inspect the srRESS inpit data file 
using the EDITC»l before oontinuing. once in IDITC»l the 
IOOdel definition can be changed manually. 

e. Having defined the IOOdel and its attributes subnit job via 
the STRESS option and await outµit on disc file. 

The output files can be printed automatically and post 
processing of results is also an option. This is shown in 
Fig 11 

f. ~n the JOO has terminated the user may wish to 
interrogate sections of the outpit graphically. TO 
achieve this the outpit file is first converted into a 
standard 1\SCII format using the FCSTSTR option. This also 
causes the program PREVIEW to run which transfers the 
ASCII file into the FEMVIEW DATABASE. 

9. Select FEMVIEW to interrogate the outp.it using a menu. 
For exanple figs 12 and 13 show the displacements and the 
axial forces from the analysis. 

Using the zoom facility (fig 14) areas of oonplicated 
geometry can be magnified until they become clear. 

Thus the user can rapidly decide if the structure has 
responded in an acceptable way and identify any areas 
which cause concern. 
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Conclusions 

Several further developuents of the system are likely, 
am<X'lgst these are: 

- Link to a Mainframe Finite Element package (either via MRJE 
or IMF) 

- use of the system building blocks in other engineering 
areas, eg Pipe Stressing, Process. 

The system has proven its usefulness by significantly 
decreasing turnaroUIU time for engineering whilst: 

- considerably increasing the engineer's confidence in the 
1system and giving satisfaction with its operation 

- decreasing the level of sui;:port required for the system by 
a factor of 2 

- reducing the amount of training required for new users to 
the extent that a SYSI'EM USER IW«JAL has proven to be 
urv1ecessary. 
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STRESS SYSTEM VERSICN 1. 2 

MAIN HWlJ 

'DIE FCLLCMlNG FACILITIF.5 ARE AVAILABLE 

1 -- ANALYSIS PKGRAMS (S'mESS El'C.) 

2 -- HELP 

3 - rurrur 

4 --- PIDITING 

5 -- FDI'IDR 

6 -- AMENDHENl'S 'ID PREVIOOS VER:!ICN 

999 -- EXIT 

PLEASE SELECr, BY tu43ER, 'DIE OPI'ICN 'lDJ RE(JJIRE --> 

Fig 3 
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STRESS SYSI'EM VERSION 1. 2 

ANALYSIS PACKAGES MENU 

'lllE FOLIOOIOO FACILITIES ARE AVAILABLE 

1-- FRAME 

2-- JAKGEN 

3-- RENUM 

4-- PRESTRES 

5- STRESS 

6-- STRJAK 

7-- PRJCESSOR 

8-- ro>TSTR 

9-- FEMVIEW 

100--- MAIN MENU 

999-- EXIT PR:XiRAM 

PLEASE SELF.Cl', BY tUBER, 'lllE FACILITY IDU REWIRE --> 

Fig.4. 
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STRESS SYSI'EM VERSIOO 1.2 

HELP MENU 

'DJE FCUDWING FACILITIES ARE AVAILl\BIE 

1-- FRAME 

2- JAKGEN 

3--- RENUM 

4---- PRESTRES 

5--- STRESS 

6---- STRJAK 

7--- POOCESSOR 

6--- l?Cl>TSTR 

9---- FEMVIEW 

100--- MAIN MENU 

999---- EXIT Pl:()GRAM 

PLEASE SELECT, BY tUIBER, '!HE FACILITY YOO ~IRE -> 

Fig S 
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- FRAME is used to set up frame type structures before entering 
JAKGEN. 

- The user defines the structure by specifying the nl.11\ber of bays 
in the x, Y and Z directions. 

- JAKGEN is an interactive data generator. 
structure using points, lines, rodes and 
partitioned into SETS, The MESH comnand 
ELEMENl'S and NJDES. 

The user defines his 
elements which may be 
is used to define the 

- REtlJM is used to obtain the optimum bandwidth for a model 
previously created by JAKGm. 

- PRESTRfS accesses a file containing the JAKGm M:llEL definition. 
It is an interactive program which sets up a STRESS input file. 

- STRESS is a structural analysis program for the analysis of BEAM 
TYPE structures. 

- srRJAK oonverts the geometry of the S'mF.SS input file which 
defines the model to JAKGm. This file can be read into JAKGEN 
using the PRIX READ 10 comnand. 

- The PK>CESSOR program performs caE OIEO<ING to API and RP2A for 
tubes and I beams. 'Ihe program reads the STRFSSS input and 
output files. 

- POSI'Sl'R is a conversion program to put data into a form suitable 
for FEMVIEW. (Selecting this option also causes execution of 
PREVIEW). 

- FEMVIEW is a results viewing package, giving output plots of 
DISPLACED SHAPE, AXIAL F<llCES, REACl'IetfS etc. A USER NAME is 
required to enter the program. 

- Contact IT to obtain one. 

Fig 6 Example of Help Information 
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ENl'ER Nl\ME OF FRAME 01r1Vl' FILE - NEW -> HPFRl 

ENl'ER RltiER OF FRAMES JN X, Y AND Z DIRECTICNS 
(ENTER 1 FCR tlJMBER JN Z DIRECJ.'IOO IF PLANE FRAME RE(;URIED) 

-> 
NX NY 

2 2 
NZ 
3 

11N.l'ER X, Y CXX>ROO. OF 'DIE 4 BASE <l>mERS 

(Xl, Yl) (X2,Y2) (XJ,YJ) 
--> -3 2 3 2 -3 2 

(X4,Y4) 
-3 -2 

ENl'ER X, Y CXX>ROO. OF 4 '!OP CXRmRS 

(Xl,Yl) 
-> -1 1 

(X2,Y2) (XJ,YJ) (X4,Y4) 
1 1 1 -1 -1 -1 

ENl'ER HEIGHT OF FJ\CH DD (JNCWDE 'lHE BASE) 

Hl H2 HJ 
-> o.o 4.0 8.0 

'IO <XNl'ItlJB - - PRESS lElUBN 

Fig 8 - Model Definition using Frame 
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ENTER IDUR USER PA.5SOOIID, IF AN'l -> SI'RUCT 

ENTER YOUR l\CCOON!' PASS\'ORD, IF AN'l -> 

Ell'fER l'WIE OF SfRESS INPUl' FIIE - EXISTING -> HPSTRIN 

ENTER Nl\ME OF Sl'RESS OOTIUI' FILE - NEW -> HPSTIOJr 

00 YOO WISH IDIJR OOTPUT FllES l?RINTED l\IJI'GIATICALLY? (Y/N) -> N 

00 IDl.l WAN!' CXDE CllECKS? (Y/N) 
(STRESS FOOT PROCESSOR) -> N 

J381 

Fig 11 Sul:tnission of Stress Job 
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CAPI'l'AL POOJOCT a:NIIDL SYSTEMS 

PRESENI'ED BY D.D.VID HARVEY 
BRITOIL PLC 

David Harvey is the Section Controller of the Capital Project 
Systems Developnent Group responsible for the developnent, 
inplementation and support of Co11111ercial Systems used during 
the Design, Construction, Hook-Up and Co11111issioning Phases of 
Britoil Operated Projects in the North Sea. 

51-1 



CONTENTS 

1. INrroDUCI'IW 

2. &:OPE OF 'lllE mJBLF.M 

3. C<K:EPl' OF INI'EGRATED SYSTEMS 

4. A TYPICAL CAPITAL PIDJOCT SYSTEM 

5. SYSTEMS IN A TYPICAL PIDJOCT 

6. PRACTICAL PIOBLEMS 

7. ro.rENTIAL BENEFITS 

51-2 



1. IN'l'RODUCJ.'ION 

Britoil is a major new British oil conpany formed from the oil and 
gas interests of the British National Oil Corporation. 

Britoil's b.lsiness is in the exploration, developnent and production 
of oil aoo gas. 

With the vast amount of naiey which needs to be invested in the 
developirent of any major field in the North Sea, such developnents 
are normally uooertaken by groups of oil coapanies acting in partner­
ship. Each Partner contributes a share of the field developnent 
costs and in return obtains a corresponding entitlement to the 
production of the field. 

One of the Partners is nominated to be the Operator for the develop­
ment and uooertakes the task of developing the field on behalf of 
the other Partners in the consortium. 

Britoil's main assets are its interests in six producing oil fields, 
in one producing gas field and in three oil fields under developnent. 

Britoil is Operator on 4 major developirents : 

- Thistle 
- Beatrice 
- North Leg Gas Pipeline 
- Clyde 

(in production) 
(in production) 
(conmissioning phase) 
(design phase) 

'lhe Capital Projects System; Group was formed in 1978 to enbark on 
the developnent of an integrated set of Project Control Systems to 
suf;ll<>rt these and future Britoil Operated Capital Projects through 
the developnent phase of the project covering the design, construction, 
installation, hook-up aoo oonmissioning to the stage where oil aoo 
gas are being produced and the facility is haOOed over to the 
Operations Group. 
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2, f£OPE OF 'DIE PK>BLEM 

An idea of the volume of data generated ~ a typical large North Sea 
Project can be derived from the statistics which were conpiled from 
the Thistle Project 1 

- 750,090 planning activities 
20,000 design drawings 

700 major design revisions 
25,000 equipment and material specifications 
10,000 steel plates 
27,000 purcliase orders 

- 200,000 material RK>Vements 
250 major contracts 

- 150,000 invoices 

1be problem was conpourded ~the geography of a typical North Sea 
Project. On 'lbistle there were five major design offices and ten 
~jot construction sites both in the UK am on the Continent. 
Information generated in any of these locations could be required 
in any of the others. 
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3. C~EPl' OF INTEGRA1'ED SYS'l'EMS 

The objectives of Coaputer System3 Support to a Capital Project is to 
provide information of sufficient quality and in a suitable timescale 
to enable Project Managers to take effective decisions. These 
decisions assist in the achiev~nt of Project Management objectives 

- to conplete the developnent on time 
- to conplete the developnent within budget 
- to ensure a SllPOth transition to the Production Phase 

One of the major problems which has hindered the decision making 
process has been the fact that information, although available, has 
seldom been in a form which would allow meaningful conparisons to 
be made and variances to be identified. 

Stand-alone coJl(lllter systems, although of benefit within a particular 
functional area of a Project, were seldom capable of providing 
information of significant value to users in other functional 
departments or to Project Manag~nt. 

The concept of the Integrated Project Control System within Britoil 
was of a set of stand-alone nvdules which would fully meet the needs 
of particular management areas and which would enable information to 
be provided to a central Project Control function. 

'l'he Capital Projects Group was therefore set up to provide a set of 
conputer systems within the functional areas of : 

- engineering 
- planning 
- cost engineering 
- materials 
- contracts 
- finance 

which were capable of providing information identified in a way which 
would enable : 

- budget 
- comnitment 
- cost incurred 
- expenditure 
- estimate to conplete 

to be reported in a consistent manner, thus allowing variances 
between them to be identified and enabling corrective action to be 
taken. 
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'lhe major innovation within Britoil, which enabled the process of 
integration to become a possibility, was the adoption of a conman 
coding structure throughout the Project. 'l'his code, known as the 
Project Assignnent Code, allows the physical structure being built to 
becone the basis for budgetting, for the measurenent of progress and 
for the collection of costs. The Project Assignment Code has become 
the vehicle for the integrating of managenent information and for the 
reporting to different levels of Britoil and Partner management. 

The other major decision which enabled the developnent of an inte­
grated set of COll'(lUter systems to beCOl!e a reality was the decision 
to standardise on the Hewlett Packard HP3000 as the Project 'mainfrane' 
for co1111Ercial applications and the introduction of a network of 
COlllllUnications which would allow terminals in any of the Project 
locations to COllllllnicate with the various application systel1¥l on 
whatever conputer these applications happen to have been developed. 

Some of the engineering software packages, for exanple, are mounted 
on the Britoil IBM3033 mainf rane. The Planning package in current 
use within Britoil is the Metier Artemis System mounted on dedicated 
Hewlett Packard HPlOOO mini-conputers. 
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From a single terminal in any of the Project offices, it is possible 
using the collllllnications network to access any of these applications 
and to initiate the transfer of information between applications 
mounted on different machines. 

(This COlllllunications network is the subject of a separate Britoil 
presentation to the IUG). 

The bulk of the systems developqent which has taken place has been 
carried out by Britoil's own systems developqent staff, 

On the HP3000 the major systems development tools which have been 
used have included 

- COOOL 
- vrra 
- IMAGE 
- {1.llZ 
- P.IVIW 
- DI3000 

(Quasar Systems, Ltd) 
(Cole and Van Sickle Conpany, Inc) 
(Precision Visuals, Inc) 

On the IBM3033, the development tools have included 

- FCX.:US (Information Builders, Inc) 
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4. A TYPICAL CJ\PITAL Pro.JECT SYS'fEM - CF.MS 

One of the first systems developaents which took place within the 
Capital Projects strategy was the devel~nt of a material control 
system. Material traditionally accounts for 15\ of the cost of a 
North Sea Project but the knock on effect of late delivery of 
material can be out of all proportion to the oost of the material 
involved. 

The developnent of the system, CF.MS (Control of Equipnent and 
Materials} again depended upon the adoption of a materials coding 
system which would allow material requirements to be conpared at 
item level with the material availability from stock (including 
surplusses from previous Britoil projects and operational spares 
procured by the Operations Division), from purchase order and from 
requisition. 

For this, Britoil adopted the Shell MF.SC (Materials Equipnent and 
Standards Coding) System, already in OOlllOOll use throughout the oil 
industry, as the basis of its part nwnber identification. 

'I.tie CEMS System although primarily developed as a material oontrol 
system oontained sufficient information to enable it to provide the 
value of COlllllitments, the value of cost incurred for materials and 
the basis of short term future costs derived from anticipated 
deliveries. To ensure that it could do this in a neaningful way, 
it is necessary that all materials information is identifiable to the 
Project Assig~nt Code and that estimates of costs prior to purchase 
order placement and actual purchase order values are recorded. 

Whereas this information may be of limited value to the day-to-day 
procurement, expediting and movement of material, it is of vital 
inportance in the provision of management information. It does 
however require a significant level of corrmitment and discipline 
within the materials area to ensure that this data on which manage­
ment information is provided is of the requisite quality. 

The CF.MS System itself contains information about all Project 
Material from the stage at which an engineering requisition is 
raised, through the bid evaluation cycle, through the approved 
authority to purchase, through the purchase order, expediting 
traffic and quality assurance stages culminating in the delivery 
and receipt of material at the construction site. The issue of 
material to a fabrication contractor conpletes the material control 
cycle. 

This information identified by MF.SC and assignnent code is available 
for oonparison with the material requirements similarly identified 
and thus enables material shortages to be identified, hopefully in 
a timescale which will enable the adverse effect of these problems 
to be eliminated. 
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'lhe specification for the system was prepared in conjunction with the 
Corporate Materials function on the basis of experiences during the 
'lhistle Project. At the tine of this specification, there was no 
current Britoil ~rated Capital Project in existence. 'lhe specifi­
cation was based on the assunption that Britoil would be responsible 
for the procurenent of all material on future ~rated Projects. 
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5. SYSTEMS IN A TYPICAL PRJJOC'f 

'I.be North Leg Gas Pipeline Project was the first of the Britoil 
Operated Projects on which the integrated systems approach was 
attenpted. 'Ibe Project is for the construction of a pipeline system 
to collect gas from the Murchison, 'Ibistle and Magnus fields and to 
transport it to the FIAGS pipeline before onward transmission to its 
final destination at St. Fergus. 

'Ibe Systems which were developed in the various functional areas 
were : 

- the CEMS materials system described earlier. 

- the Conpany system for the preparation and presentation of 
Budgetary information. 'lhe system was roodified to allow the 
previous cost code field to hold the Project Assignment Code 
and to provide information identified to this code. 

- a planning system based on Artemis. At the budget preparation 
stage , this was used to prepare the Project Plan and to 
provide manhour estimates for inclusion in the Conpany budget 
preparation system. At the regular weekly/monthly progress 
progress cycles the system provided information which 
enabled the Project estimate to conplete and anticipated 
final costs to be calculated. 

- a sinple contracts managem:!nt system providing conmitll1'!nt and 
cost incurred information identified to the Project Assignm:!nt 
Code. 

- the Conpany Accounts Payable system which provided details 
of paid/unpaid costs identified by assignment code and 
contract/purchase order nwit>er. 

- the Conpany Financial System which provides details of 
payroll costs, enployee expenses and overheads. 'fhis 
information had to be provided, identified in a way that 
it is conpatible with the Project Assignment Code. 

At the end of each roonth, information from each of these systems was 
transferred into the Integrated Project Control System. After 
correction of obvious errors which had been introduced because of 
incorrect application of assignll¥:!nt codes, the monthly set of 
management reports were provided for : 

- NUn' Management 
- Britoil Execution 
- NLGP Partners 
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Exanples of the type and format of report are : 

- Cost Status Report showing relationship between Budget, 
Approved AFE's conmitment, expenditure estimate to conplete 
and anticipated final cost at assignnent code level. 

- Purchase Order;t:ontract Status Report showing conmit1rent and 
cost incurred information by purchase order/contract. 

- Graphs showing actual conmitment against planned conmit1rent 
for both contracts and purchase orders. 

- Graphs shwing actual expenditure against planned expenditure 
for both contracts and purchase orders. 
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6. PRACTICAL POOBLEMS 

- Integration is a valid objective. It is often 11Dre difficult to 
achieve than anticipated. It requires a high level of conmitment 
from a nuntier of different functiopal areas who may not derive 
direct benefits from the additional work required or additional 
information which needs to be maintained within their functional 
system. 

- Assunptions, on which the develOf:llllE!llt of integrated systems takes 
place, have to be oonfirmed at the highest level. 'Ibe system 
have to be flexible to allow for the possibility that these 
assunptions may change. In our case, the materials systems were 
built on the assunption that Britoil would procure all Project 
materials with only minor exceptions. 'Ibis has hawerted on the 
previous Britoil Projects, Beatrice and North Leg Gas. There ace 
sound 0011111ercial reasons why the Design Contractors on the Clyde 
Project will procure most of the material and the systems have 
been llDdif ied to reflect this decision. 

- Interfaces between the various functional systems and with the 
Integrated Project Control System have to be clean so that system 
problem in one functional system does not inpact on the ability 
to provide integrated management information. It also allows for 
the possibility that on a future Project it may be a requirement 
for a contractor's own system to provide information for inclusion 
in the Integrated Project Control System. 

- Validation of information across traditional system boundaries 
can often prove to be less than satisfactory. 'lbe speed with 
which events can happen sonetimes, thankfully not frequently, 
mean that transactions cannot be registered in one ar::plication 
system because for whatever reason, the prerequisite transactions 
have not taken place in other functional systems. 'Ibis can be a 
useful discipline and check that systems are being regularly 
updated. It is inperative that it does not beoome the source 
of friction between functional groups on a Project. 

- 'lbe introduction of Coding Systems within an established organ­
isation can be an extremely demanding process. 'lbere is never a 
right time to introduce such a system, but the overiding consider­
ation has to be that if a coding system is to be introduced it 
should be introduced at the earliest possible tiioo after the need 
and the format of the code have been agreed. The extent to which 
previous information should be coded to the new standard should be 
determined by the potential advantages to be derived. 

- It is inportant that ~e coding systems which are developed should 
have realistic objectives. 'lbere is no point in having a 15 digit 
code if management information is based on and control exercised 
at the first 3 digit level. The codes have to be useable by.the 
people who have to ar::ply them. 'lheir use occasionally has to be 
reviewed in the light of experience. 
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- systems have to be developed in such a way that recovery from 
hardware failure, telecollllllnications failure, or software.error 
in a functional system can be acconplished with minimal disruption 
to other functional systems. As reliability inproves, user 
expectations of service levels can become unrealistic, and when 
failures almost inevitably occur, the work of the user departments 
can come to a grinding halt. It is inperative that ii:t the case of 
failure further access to possibly corrupt or inconsistent data­
bases i~ oot permitted until the recovery is oonplete. 'lbe nore 
integrated the processes, the llK)re difficult recovery can become. 

7. BENEFITS 

The potential benefits whJch can stem from the adoption of an 
integrated set of Project Control Systems include : 

- management information can be provided as a natural by­
product of functional systems where sensible coding systems 
can be adopted on a Project wide basis 

- management control information, budgets, co11111itments, cost 
incurred and progress information can be presented in a 
consist~nt m~nner 

- areas of potential problem can be readily identified and 
corrective action initiated in a timescale which is likely 
to be effective • 

- management decisions can be made within the franework of 
accurate and up-to-date information 

- consistent information is reported at all levels within a 
Project and lo Britoil Executive and Partner management 

- unnecessary duplication of information, and the duplication 
of effort in conpiling information can be avoided 

Britoil announced on 19th July 1983 that the North Leg Gas Pipeline 
was conmissioned and that first gas had reached the FlAGS System, 
three nonths ahead of schedule and within Budget. Following success­
ful co11111issioning, the pipeline will be handed over to British 
Petroleum, the Operator for the production phase. NLGP Management 
have been enthusiastic supporters of the concept of the Integrated 
Project Control System. They have placed on record their belief that 
the use of such systems has made a contribution to the success of the 
Project. 

'lbe systems on the North Leg Gas Pipeline Pr<.1ject were an early step 
in the evolution of Capital Project Systems within Britoil. 
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1.0 IN'llaXn'ICN 

A Case Study on the Installation of Manufacturing 
System:; 

(Bonas l&lchine Caq:iany Ltd, 1978 to 1983) 

R J Woodhead, B.Sc. f.EPICS 

1his case study is concerned with the installation of a HP::DD conputer 
system at Donas Machine Coopany and the 11B11ufacturing software necessary 
to solve the conpany's stock control and oaterial planning problem:;. 
For cost effectiveness an application package was chosen. Initially, 
this was the HP MFG/3XX> system v.hich was subsequently upgraded to 
Materials Managenent/3XX>. 

1he reason for docmenting a case study is not just for the historical 
record, but so that others nay learn fran the successes and the failures. 
This paper is intended for ihose HP3XX> users \\ho are about to iDJ?lenent 
an application package such as tlM/'.nD. It is inportant to coopare 
theory with practice and to review with hindsight, the najor policy decisions 
that were taken. 

:F\arther useful observations can be Hiide on the effect of new hardware or 
software technology. 1his creates nnre alternatives and should lead to nnre 
effective systans. 

All case studies from nanufacturing coopanies will be difficult because 
of the wide range of products. 1he mmufacturing process will vary from 
'one off', through discrete batch to flow line production. Bonas assenble 
to order fran a standard product range and 11JU1ufacture ~nents in batches 
to a forecast. 111e Coot>any was therefore a good fit for the typical 
application package designed for"'engineering caipanies. 
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2.0 Case Study 

Bonas Machine Chrpany Ltd iE! a privately owned engineering cc.opany 
enploying an people in the north east of England. 'lhe coopany 
nenufactures a range of textile aechines for export throughout the 
\\Orld. 1be case stlldy cavers the selection and installation of a 
caiputerised Material Planning System during the period February 
1978 to April 1983. 

'lbe caipany produces a range of narrow fabric J.ooos. 'lbese are asseobled 
only to custaner order but the crnponents are llllllufactured or purchased 
to a sales forecast. 'lhe control problem arises fran the cqiplexi ty of 
the product and fran the fact that each finished loan wi 11 be unique to 
that custaner. 'llie 1111rket demwds that a }()(JD be supplied within a 
few \reeks (or days!) of the custaner placing the order. 

1"ring 1977 the range of llDdels was increasing and stock levels rising 
alamdngly. Even extra staff in Stock Control \\OUld not have been able 
to $0lve the problem and a ClOO\)Uter was needed to provide the fast 
reaction to changing custCJJer requirensnts. 'lhe coopuiy had little 
experience of cooputers an~ decided to recruit a Systoos t.hnager (the 
author). lb:lt of 1978 was taken uP by system selection and the choice 
of the right hardware and software. 

'lbe selection criteria ~re:-

Pre-written software 
Tenninal based syst~ (using database) 

and Hardware expansion 

A Hewlett Packard solution was chosen for both hardware and software. 'lhe 
CQJpUter (~) was installed in January 1979. 
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~:~-Hi~torical Sum~ 

In fornulating the installation plan, the rm.in objectives were to 
nwdmise benefi.ts at each stage and for the users to gain experience 
of the caJlluter systenE prior to the installation of Stock Recording. 
Hence the plan was for the installation of Bill of Materials and 
Purchase Order Recording as the first tl!Kl !IDdules. A tenp:iracy VDU 
operator was enployed to help transfer the data and this allo.ved 
labour operation tioos to be entered and Standard Product Costing 
installed at the swoo ti.ma as Stock Recording. 

At the sane tine that the cooputer was .installed, a second person was 
nnved into the coiputer section. A ned:>er of Stock Cbntrol was transferred 
to be a 'Liaison Officer'. 'lbe .job involved user training, a limited 
aroo1.mt of data input, ru1d sooe carputer operation. 'Ibis approach was so 
successful lhat a second Liaison Officer was appointed in Q::tober of 1979 
to speci.al.ise on Accounting, Costing and Spare Parts systetll3. 

By the fourth quarter of 1979, Product Costing of assenblies had been 
crnputerised and test runs of MHP were poss.ible. 'lhe latter showed that 
the stock recording data was pcx>r and several nnnths were spent on a 
revie.v of the stock recording papenork. In the absence of perpetual 
inventory, the i.nstallation of MRP had to awa.it the next annual stocktake 
in August 1980. 

n1e installation plan called for d.iversification into many areas Of the 
conpany and, as plrumed, ·a crnputer programrer was recruited in August 1980. 
Whilst production staff continued to inprove the quality of their data, the 
cuiplter staff (four people) were able to extend the systaJS into other 
areas. 

Systens were developed for spare parts, camrarcial (contracts),, purchase 
vari.ances and bonus calculation (.job cards). The first part of 1982 saw 
the installation of a payroll package and, later the saire year, the 
installation of accounti.ug packages for the sales, purchase and naninal 
ledgers. 

By 1983 the data volumes had grown to 25,CXJO parts, 110,CXXl structures and 
32,CXJO lalxmr operations. MHP was nm m:mthly for long tenn planning with 
'what H' special runs on request. 

'lbe inlti.al hardware confi.guration included five temdnals and one disc 
of 12CMJ (this was backed up to rmgnetic tape). At April 1983 the system 
had grown to twenty temdnals and three 12CM:> discs. 
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3.0 <llservations 

3.1 Calpranises 

Several 'short cuts' were needed for the installation to succeed. 'lbe 
caipany had a conflict beiween Parts Lists as orpnised by Stock Control 
and those produced by the Drawi.ng Office. 'lbe Stock Control version 
was used since this was camDn to stores and asseni>ly. lbrever, this 
did not solve the continuing problem of F.ngineering Chang-es and U1e need 
to cross reference the bo Parts Lists. 

In order to siml;>lify the installation, the first version of Materials 
Bequil"Elll'lnts Planning extfinded only doNn to finished caq:>onents. 'lbe 
nachine shops were considered as suppliers and wrks orders recorded 
as single line ?U'Chase orders. 

'lbe imst significant sinplification was the nethod used to provide corq10nent 
issues to the Assem>ly Shop. 'Ibis reflected the previous manual systan 
and the fact there had never been sufficient staff in stores or stock 
contl'Ql to record the stock issues as they occurred. Stock issues were 
actioned in the conputer system after the loan had been built and batches 
consolidated to give one stock issue per part for all the locos Ulat 
had been built in the previous two weeks! In this way, an average of 
12,CXD stock issues per week were reduced to l,CXD transactions per week. 
'Ibis had to be a two-stage batch process since stock 'shortages' had to 
be identified and resolved prior to the stock issue transaction. 

3.2 Key Policy Decisions 

3.2.1. Preparation prior to oarputer delivery 

In 1978, during the CC11p1Jter selection process, a separate project was 
lawiched to provide better infomation fron the sales invoices for spare 
parts. 'lhis involved the use, once per 11D11th, of a cooputer bureau to 
provide the Cbst of Sales and parts usage analysis. 

In addition to the nnnagemant info111Btion, the system provided a caiputer 
DBSter file that could be converted to the llP~ and also started the 
necessary education process in the use of caiputer systens. When Ule HP:IXX> 
was installed, tt soon becane operational with the autaratic transfer of 
data fran the bureau syst001 for 10,CXD parts. A stock evaluation, at 
standard cost, was possible fron stocktaking SliJS, within a l!Dllth of the 
system being delivered. 

3.2.2. Qlality Of Data. 

It was known that the manual systens contained poor data and a fomal 
decision was taken not to delay CCllpllterlsation pending a review of existing 
procedures. Although this is c.ontrary to nomal theory, deferring Ule 
caiputer systens wou1d have allQNE!d only 119.l'ginal inprov91ent in the data. 
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Sooe of the weak areas did not becaoo apparent until the systems were 
installed but the project required oouble the estillll.ted (or hoped for) 
ti ire of one year. 

3. 2. 3. Hardware Expansion 

1be donrud fl'Olll the users for nvrc tenninals and DDre systais proved 
that hardware expansion had been a very valid item to consider during 
system selection. If the systam are successful then the hardware 
expansion will be at a greater rate than planned. 

3. 2. 4 • Staffing Policy 

Given the industry shortage of experienced CC111JUter staff, a policy of 
in-house training was adopted. 'lhis applied to the t\'lo'O 'Liaison Officers' 
who were existing enployees and to the cooputer progrmmEr \\110 was 
recruited iumadiately after coopleting his college training. 1his 
policy produced continuity .. stability and a degree of team spirit that 
would have othe1wise been difficult to obtain. 

4.0 Cbnclusions 

4 • l New 'l'echnology 

Tunnin."ll based cooputer system;; can \'lo'Ork in practice provided that the 
input responsibilities are clearly defined and if the teJ;minal user can 
save tine on calculations or docU12nt preparation to caipensate for the 
extra tine required to input data. At Bonas no new staff were enployed 
to be VDU operat01s, existing staff were trained to use the new system;. 
1he CCCl!>Uter can be treated a~t as a telephone exchange with a mininun 
of operaUonal requirermnts . 

'll1e inplication for COOJIUter staff is that any 'central' IP people 111.1St 
be able to perfonn a wider variety of f1mctions, ranging fran cooputer 
operating through user training and systeus developnent to lllUUlgellnnt 
consultancy. ftuputer 'Qmeral Practitioners• are needed rather than 
specialists. 'll1is is illp:>rtant for productivity and cost effecti.veness 
in a snall installation. 

'Ihe new software tools, and products such as RAPID, help to llllke this 
staffing concept possible, especially if a 'prototyping' approach is 
used for system develoi:aent. In addition to the saving in dewlopnent 
tine, the resulting systeua will be of a higher standard and far DDre 
effective. 

4.2. Pro.1ect t.hnagenent 

'lhe syste11a developoont 111\nager llllSt always lad< for benefits for the 
whole coopany in planning a given project or selecting the next project 
fran a list of alternatives. 
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'111e user depart.iwnts have to be persuaded to accept the IOOSt USflful 
fO;t of a new systan in exchange for fast develoµoont and installation. 
A second generation systan can then be produced after six or twl~lve 
nnnths of using the prototype. 

'll1e proJect nanager oust reconcile the conflicting departnental 
requiruoonts whilst imximising the short tenn and long te1m benefits 
for the whole carpany. A project or sys tan for just one deparl.trent 
is acceptable only if there are short tenn gains and if the pro;iect 
ls consistent with the long-tenn plan. 
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l N T R 0 0 U C T I 0 N 

MAS-If is a fully-integrated set of <::c-line 
applicatinn systems developed to -~" the needs 
of manufacturing, industrial and c..--.......rcial 
business. 

It is built speclflcal ly to run on ltt"'lett-Pac.kard 
3000 Series machines, and is based ai over ten 
years of experience installing other MAS systems 
on IBM, ICL, and Univac machines. Cqer 2400 systems 
have been l"l'lemented throughout th~ <rorld. 

MAS-II consists of sl x basic modules. These are: -

Engineering Cont1·ol 

Inventory Control ,md Requiremect_,3 
Planning 

Manufacturing Control 

Cost Contcol 

Financial Control 

These systems, and the benefits wbicil' they can 
bring to you and your or<fanisation, .;ire described 
briefly in this ·paper\ 

In addi t if)fl to di scHR$ Ing the con teat of MllS-11, 
case study det<•i ls >tl 11 be given tt> Ulustrate 
the benefits <luring the presentati""'· 
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modular 
application 

systems 
(MAS) 

financial control 
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F E A T U R E S 

'!'he primary design criterion of MAS-H was to make it 
easy and secure for you to use. Some of it's more 
slgniflcant advantages and benefits are outlined below. 

USEH-ORI ENTAT CON Experience has shown that many computer 
systems fail because the user is forced 
to adapt his systems to the computer's 
needs. The flexibility of MAS-H means 
that the data entry procedures can 
usually be tailored, without the need 
for programming assistance, to reflect 
the user's current procedures. 

Instead of grappling with the conplexities 
of technical computer processes, the user 
is led step-by-step through the tasks he 
requires to perform on the VDU screen. 

This si111>le user-orientated approach 
allows the input and retrieval of 
information to he made the re11ponsit•il ity 
of the user to whom that information belongs. 
Putting the power of the conputer on the 
user's desk enables him to check and correct 
his <>Wn errors and to make his decisions 
on an accurate and timely basis, because 
information for those decisions is available 
when and where it is needed. 
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ease of use 

HELLO BUY/RM MASH/BUYPASS 
User - a raw material 
buyer - signs on to 
system, entering 
password. 

HP 3000/MPE III WED AUG 29 l.llpm 

System displays menu 
of procedures available 
to buyer. Buyer 
selects enquiry. 

r 

MAS-H MANUFACTURING SYSTEMS MENU 

~ 
ITEM MASTER MAINTENANCE 
REPLENISHMENT ENQUIRY 
P.O. MAINTENANCE 
ITEM DEFAULT MAINTENANCE 

REPLENISHMENT ENQUIRY 
Buyer enquires about 
status of items on 
P.O. No 1365 

Order Number 

!P.O. 1365 

Part Nwnber 

System displays 
details of order 
status. 

~ 
REPLENISHMENT ENQUIRY 

ORDER NUMBERfP.O. 1J65 I 
PART ORDER REQ'D QTY 
NO. QTY DATE REC'D 

14612 100 23.8.79 60 
18900 50 16.8.79 50 
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FULL INTEGRATION 

MOOIJl,AIU'rY 

HAS-II conprises six modules covering 
all the major areas of management 
information and control: 

Engineering Control 

Inventory Control and Material 
Requirements Planning 

Manufacturing Control 

Cost Control 

Order Control 

Financial Control 

All these modules are fully .integrated. 
Data is entered at one point only. The 
fully integrated data base ensures that 
the information is lDlllediately available 
to all other systems. 

MAS-II has been built w.lth ease of 
installation and inplementation in mind. 
The six modules are in turn composed 
of elements, enabling you to pick the 
systems you require for implementation. 
Apart from some logical dependencies 
all the systems may be installed on a 
stand-alone basis and in any sequence. 
For example you may start with Sales 
Ledger and work back into Sales Order 
Processing safe in the knowledge that 
.invoices can be posted into the Sales 
Ledger system either manually or 
automatically via the Sales Order 
Processing System. 

The ability to choose t.he starting point 
you want enables you to achieve tangible 
benefits more quickly than if a pre­
determined implementation sequence were 
l"t>Osed on you. 
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modular application systems(MAS) 

100 jobs 

53-7 

The six MAS sub-systems which cover all areas 
of management information and control 
comprise 20 distinct elements which can be 
installed, independently or in combination, in 
any logical order. 

The 20 MAS elements, in turn, comprise over 100 jobs 
which can be included, excluded or modified to 
meet particular requirements. 

Over 1200 MAS elements are currently in use by 
more than 200 companies, with systems 
operational on I BM 360/370, IC L 1900/2900 
Univac Series 90 and Hewlett - Packard 
3000 computer 

400 
programs 



ON-LINE CAPABILITY 

The system you need is configured by 
selecting the elements you require in 
order to meet your initial objectives. 
As your experience with MAS grows you 
can switch in new facilities, add 
additional controls and tune the system 
to meet new needs, confident in the 
knowledge that the interfaces between 
jobs are proven. 

Moving step-by-step in a controlled 
fashion ensures the success of your 
project. 

MAS-H brings you the benefits of the 
latest technology by enabling 
information to be entered into or 
retrieved from the system as soon as it 
becomes available. 

The major advantages of on-line 
processing are: 

Accuracy. It is almost ill{>ossible for a 
user to make errors unknowingly. 
This is because at the moment of 
attempting to enter or retrl.eve 
information the system checks the data 
base as well as carrying out the normal 
editing and consistency checks. 

'l'imel iness. Because the user enters his 
~information to suit his own needs, 
information is always available on the 
most timely basis. The iong series of 
tasks inherent in batch processing is 
avoid"d - document hatching, input 
preparation, data contr6l, error 
reporti.nq, error correction. 
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distributed on-line processing 

II 11 I 11 II 

machine- shop assembly 

\ f 
stores 

~m;< 
despatch 

f ~ 

sales, purchasing engineering.accounts 
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DATA-BASE t'ACII, !TY 

To these benefits MAS-H adds: 

Flexibility. Most implementation problems 
stem from trying to change the company's 
systems to suit new computer procedures. 
The ability to change the format and 
sequence of data on input screens and to 
incorporate company-specific edit checks 
without the need for program changes 
obviates many of these problems. 

Ease of Operation. Under the control of 
the systems manager, users gain access 
to the procedures available to them via 
•menus•. 

The need for training is kept to a 
minlmwn through this approach which 
leads the user through the procedures 
which are in every-day use for him. 

Privacy. The systems manager can arrange 
for certain procedures to be available 
to specific users only, and for data in the 
system to be available on a similarly 
selective basis. 

Security. Conprehensive back-up and 
logging facilities allow the system to 
be restored without the necessity for 
re-entering data. 

The fully integrated HAS-II data base Ls 
inq1lemented under Hewlett-Packards 
data base management system, IMAGE. 
It brings you these advantages: 
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comprehensive 
linked system 
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El\SE OF MOllIFICll'rION 

1'11 ll,O!<IW SIJPPOH'r 

data is recorded once only 

information is available on a 
consistent basis to all systems and 
all users 

ease of systems modification 

information may be retrieved easily 
and quickly via the use of QUERY. 

lllthough every company will have a high 
level of common needs in any particular 
systems area, all companies have systems 
needs specific to the way in which they 
conduct their business. Ml\S-11 
recognises this mixture of standard and 
specific needs by providing a sound 
basic framework of facilities. Onto 
this framework the specific additions or 
modifications to facilities can be 
easily fitted. 

We provide you with source code, full 
technical documentation, test data and a 
conprehensi ve test guide. This plus the 
modular nature of the programs and the 
high standard of programming, will 
enable your own staff to carry out your 
modifications as required. 

II wide range of support services is also 
available to meet your needs should you 
n"tui re them. 

The MAS-II service consists of severa 1 
major elements: 

advlce and counsel from industry 
specialists in all areas to help you 
achieve the benefits you are seeking. 
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'rECllNICAL F'EATUllES 

application software to provide a 
proven basis for systems 
implementation. 

modification support from experienced 
MAS-H staff to provide the tailoring 
needed to cope with any additional 
special system which you may require. 

training to promote understanding and 
acceptance of the system. 

technical support in the use of 
Hewlett-Packard hardware and 
software. 

software maintenance support from our 
MAS-H Product Centre to answer your 
queries, provide you with software 
updates etc. This is available on a 
phone-in or on-site basis on request. 

The precise mix of these services will 
differ in almost every case with the 
needs of the company concerned - a 
further example of how MAS-II is ta! lored 
to meet your needs exactly. 

COBOL. The use of the most widely 
accepted commercial programming 
computer language in the world gives you 
confidence in your ability to support 
the system in the future. 

IMAGE. llewlett-Packard 's database 
management system provides the database 
of information which is at the heart 
of the systems. 

VIEW. Provi.des you with a high level of 
flexibility in terms of being able to 
modify the system in one of the most 
critical areas - the data entry 
acti vlty. 
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Documentation. Full technical and 
user documentation is provided. This 
includes: 

Installation Guide 
Data-base Guide 
On-line User Guide 
Functional Systems Design 
Conputer System Design 
System Reference Manual 
Test Guide 

The combination of systems which are: 

user orientated 
integrated 
modular 
on-line 
supported 
easily tailored 
proven 
economical 

plus the commitment and experience of 
Hoskyns is the key to the success of 
your project. 
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EI.EHENT D E S C R I P T I 0 N S 

Brief descriptions of the major facilities offered by each 
system module, and an indication of the conputer jobs 
available in each element of each module are contained on 
the following pages. Details of on-line and batch 
processes are described separately. 

ENGINEERING CONTROL 

On-line or batch maintenance of 
Inventory, Bill of Material, Routing, 
Work Centre, Tool, Process and Default 
Files, permits the building of a complete 
manufacturing data base. 

enquiries show details of: 

all inventory items 
product structure explosions 
product structure inplosions 
routings 
work-centre where-used 
tool where-used 
process where-used. 
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INVENTORY CONTROL 

on line recordi.ng of all stock movements 
- issues, recelpts, transfers, scrap etc. 

four order quantity policies, three safety 
stock policies, six forecasting policies. 

ARC analysls and reclassificatl.on. 

inventory value simulation 

full 'closed loop' logic. 

full visibility of supply/demand 
position available on-line. 

maintenance and enquiry on works orders, 
purchase orders, customer orders. 

net change MRP processing driven by 
Master Schedule or a combination of 
customer orders and forecast. 

exception reporting via trigger files 
for many conditions - potential shortages, 
orders due for release, overdue, order receipts, 
excess inventory. 

conponent availability checked before orders 
are released to manufacturing. 

full audit trail of all transactions. 

multiple unlimited stores locations. 

cyclic inventory reporting. 

valuation of inventory, forward commitment, 
customer order backlog. 
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MANUPACTURING CONTROL 

schedules planned operations for orders ready for 
release to meet the due date. 

prints production documentation. 

handles labour bookings, scrap, work, 
for planned operations. 

on-li.ne status reporting. 

provides performance reports on 
utilisation and efficiency. 

produces master production schedules and 
capacity plans. 
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COST CONTROL 

_Major Features 

handles frozen, current standard and 
new standard costs for material, labour 
direct overheads and indirect overheads. 

calculates new costs on the basis of the 
data contained in the Engineering 
Control data-base or amendments to that 
data base supplied specifically for this 
job. 

prints cost sheets. 

accumulates actual costs via Manufacturing 
Control, and reports variance from 
standard. 

values work-in-progress and scrap. 

53-19 



FINANCIAL CONTROL 

Sales and Purchase Ledge.r systems maintain 
open-item or clbsed-item accounts for 
multiple conpanies. 

On-line entry and updating of ledger 
with batch control of input if required. 

On-line cash allocation and posting 
routines in Sales Ledger, payment contrbl 
in Purchase Ledger. 

Statements, debt analysis, overdue letters, 
remittance advices, cheques, bank transfers. 

General Ledger with flexible chart-of­
accounts. 

Report writer to allow the user to specify 
his own reports. 

Trial !:>alance, profit and loss. 

Cost allocation, ratio analysis. 

Payroll provides up-to-gross, gross-to­
net calculations. 

Department by department payroll 
preparation. 

Printing of all statutory documentation. 

Payroll analysis. 

53-20 



ORDER CONTROL 

two separate systems maintain control of 
Purchase 01-ders and of Sales Orders. 

Purchasing system prints purchase 
documentation and maintains details of 
outstanding purchase orders. 

blanket orders and scheduled orders 
handled. 

supplier invoices validated. 

sales system checks stock availability at time 
of entering order, allocates stock to 
orders received. 

flexible pricing procedures allow special prices 
in customer/product combinatlon, discounting at 
customer, item customer/item, product group 
levels. Manual price override permitted. 

items confirmed as despatched are passed 
through for invoicing. 

manifesting i.e., consolidation of orders 
for shipment. 

analysis reports and enqui.ries. 
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Using Plotters in Word Processing 

by Rolf Frydenberg 
Senior Consultant 
A/S FJerndata 
Norway 

Contents 

Abstract 
HP Plotters and HP-GL 
Plotter Text Capab111t1es 
Text Pos1t1on1ng 
Font Selection and Generation 
Editing the text 
Conclusions 

1. Abstract 

Users of HPSOOO computers have been asking for high-quality, 
flexible word processing output devices for 11111ny years. HP has 
answered by presenting the HP2BBO Laser Printing System. But 
this device costs a lot more than most users are willing, or 
able. to pay for an output device. 

But there ls a solution available, and HP is the acknowledged 
world leader in that area: Plotters. All ourrent HP plotters 
are capable of handling text as well as lines, circles end other 
•ordinary• graphics. 

This paper will present some of our experiences et Fjerndata, 
where we have been using an HP plotter for text output for about 
a year. 

The paper concentrates on the practical side of using plotters 
for this purpose, particularUy such areas as text size, fonts, 
etc.; as well as how to use this output device together with 
standard editors. 

1111 -
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2. HP plotters and HP-GL 

HP-Gl is an acronym for Hewlett Packard Graphics Language. HP-GL 
is not a programming language as such, but a command language for 
manipulating semi-intelligent graphics devices, mostly plotters. 

Most HP plotters can •understand" HP-GL, though there ere some 
commends that are not implemented on certain plotters, and some 
commands that are not quite identical on all plotters. There ere 
also some non-HP devices that can interpret HP-GL commands. These 
devices are not included in this presentation. 

There are three major types of HP plotters: The HP7470, the 
HP7220 and the HP7580. These plotters vary in size, functions 
and HP-GL implementation. For the purposes of this paper we will 
ignore these differences between the three types. 

Plotters may, form a user point of view, be distinguished through 
two basic measurements: The size of the plotting erea (i.e. the 
size of the largest sheet of paper you can plot on at any one 
time). and the number of colours (i.e. pens) that you can handle 
in one pass. 

Size of plotting area is normally measured according to the A-· 
series of standard paper sizes. A-sizes go from AO (A-zero) to 
as high as you want, since all sizes may be genernted based on 
any other size. Ai is half of A~ A2 is half the size of At, 
etc. AO is 1 square meter, in the shape of 119 cm by 84 cm. You 
divide the long side by two to get Ai, i.e. 59.5 by 84 cm: A2 is 
59.5 by 42 cm: etc. Standard writing paper is A4, i.e. 29.7 by 
21 cm. 

The HP7470 is the smallest, and least expensive, of HP's 
plotters. It currently sells for about 1500 US dollars. It is 
also the smallest one, and has the smalles plotting area (A4) . 
The HP7470 only has 2 pens available, so in order to produce 
multicolour output, you must at some point switch pens. 

Current models of the HP7220 plotter has 8 pens, giving you up to 
B colours, or four colours in two pen widths. The HP7220 has a 
plotting area of Aa, and can take paper rolls. It is therefore 
possible to geenrate very long ao cm wide plot output on thisd 
printer. But 1 t does not have any standard •scroll• function, 
but feeds one or• half a page at a time. So to use the paper roll 
to exceed the A2 plot area, you must do your own special plotter 
control, and position calculations. 

The HP7560 (and HP7585) are HP's large size plotters. 0The 7580 
has an Ai-size plotting area, while the 7585 can plot on sheets 
up to AO. 

-­l!!Jf'Pf. 
-.._~~~~·~~~~~~~~~~~~~--~~~~~~__!!!I 
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The HP-GL commend language consists 
instruatins. There ere three groups of 
special important to us in text plotting. 

of approximately BO 
commands that are of 
These groups are: 

Vector Group. This group contains most of the commends 
used to move the pen around on the plotting area. These 
commends are also used to draw straight lines. 

Arc end Circle Group. This group contains commands for 
drawing circles end arcs. The HP7470 plotter does not 
support these commends. 

Character Group. These commends ere used for generating 
text end characters. The most important commands in this 
group ere supported by all HP-GL plotters. 

There are also a large number of commends for utility functions 
such es plotter configuration, status reporting, set up eto., and 
e group of commends for using the plotter as a digitizer. He 
will not cover these commands in this paper. 

Jrl'PI 
#.t"~ 

""""'~~~~~~~~~~~~~~~~~--~--~~~~~--~---..!!."!.~ 
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3. Plotter Text Capabilities 

There are two primary methods for outpU'tting text on a plotter. 
Both of these ere quite common, but they are normally used in 
different situations. These two methods ere: 

M Plotting each component line of each letter separately 
(this would mean plotting three lines to generate en N) . 

M Use the "hard-wired" character set(s) in the plotter, end 
just transfer one character for each character you went 
to print. 

For labelling drawings end other complicated graphical 
presentations, where the text is only a small pert of the total 
plot, the first approach makes perfect sense. This approach can 
also allow you to use many different "fancy• type-fonts, such as 
the GOTHIC font. supported by HP's Decision Support Graphics 
package, end other software. 

When text is your primary output, it is more doubtful whether you 
can use the same approach in a sensible manner. In this type of 
situation, I prefer to use the second approach. This still 
allows you to use various type-fonts, but not es fancy ones es 
GOTHIC end so on. And it is a lot fester, too. 

HP plotters drew text for you, if you use the Lebel (LB) commend. 
The command consists of just the two oharacters LB, followed by 
the text you want plotted. You must use a special, pre-dafin~d 
terminator to indicate the end of the LB command. Default 
terminator lend the one we use most of the time) is End-of-text 
(control-C). Whenever we refer to this character, we will write 
lt es <ETX>. 

Text is always output starting from the position et which the pen 
happens to be located et the moment when the LB-commend is 
interpreted, using the "current• size ·and font, and with the pen 
currently in the pen holder. So prior to LB-commends, you must 
select the pen you want, position the pen on the paper, end set 
parameters that define the characters you went to output. We'll 
return to this in detail later. 

One important point about the LB-commend is that it can handle B 

large number of characters within a single commend. The LB­
commend also executes any Carriage Return and Line Feed 
characters that it receives, so it can be used easily for whole 
paragraphs (or even a whole page) et a time. This simplifies 
output quite e lot. 
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4. Text Positioning 

A plotter, 
printer. 
commands. 

even when used for text output, does not "emulate" a 
Instead, the user must control the plotter through 
This is valid for just about every aspect of text 

output on plotters. 

Text output on a printer starts at the Top-Of-Form position, 
which is the upper left corner of the paper. The default 
position on a plotter, on the other hand, is the lower left hand 
corner, which is not the best of positions to start outputting 
text. So, even before you can start printing anything on the 
plotter, you have to learn how to move the plotter pen with 
comrmmds. 

Luckily, plotter pen movement is very straightforward on HP's 
plotters. Generally, there are two types of commands that move 
the pen: The Plot Absolute (PA), and the Plot Relative (PA) 
commands. The PA command moves the pen to a specified position 
in the plotting area, while the PA command moves to pen relative 
to where it is currently. 

The PA command is more difficult to use than the PA command, 
since the plotter pen may move without your knowing exactly where 
to. Any text output moves the pen, so you must be extremely 
careful when moving the pen relative to its location after you 
have used it to write text. In this paper we will only present 
text positioning through the PA command. 

HP plotters are addressed in so-called plotter-units, which are 
approximately 1/1000th of an inch. The exact measure is 0.0250 
mm whereas 1/1000th of an inch is 0.0254 mm. The approximation 
of 1000 plotter-units to an inch gives an error of 0.4 mm pr 
inch, or 1.6 I. This means that we have 1016 plotter units to an 
inch. 

A normal A4 sheet of paper is 210 mm by 295 mm. In plotter­
units, this is 6400 by 11600. This is the maximum area available 
to plot in. For an american standard B by 11 inch paper, the 
available area is B12B by 11176 plotter-units. But we cannot 
really fill all of this area with text. We need margins on all 
four sides of the sheet - say at least 500 plotter units (half an 
inch) . This reduces our text-plot area to the coordinates: 

A4 B by 11 

X-axis: 500 to 7900 600 to 6628 

Y-axis: 500 to 11300 500 to 10676 
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For text output, we have developed our own set of standards, that 
describe where the text is supposed to be placed. We place the 
first line in position (750, 11000), - and we leave a space of 
one blank line between separate paragraphs. 

This paper has been plotted according to our standards, so you 
can see for yourself what they are. 

Sometimes, we use some type of "frame• around the text pages, the 
way I have done tt with this paper. We do this by using the 
line-drawing possibilities of the plotter, using HP-GL instead of 
standard graphic utilities. These pages were plotted using an 
HP7220T plotter, and the sequence of HP-GL commands to draw the 
frame was: 

SP5; PAO, 1000; PD; 
AA+500,0,BO;PA+B200,0;AA0,+500,90;PRO,+BBOO; 
AA-500,0,90;PA-B200,0;AA0,-500,90;PA0,-9BOO; 
PU; SPO; 

In addition, I have put the FJerndata logo (an F) in the lower 
right-hand corner of each sheet. This F has also been generated 
by using HP-GL commands. 
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5. Font Selection and Generation 

Character fonts on plotters are selected by specifying the size 
of the characters, and by slanting the characters. Both size and 
slant can be varied by using real values, which means that there 
is an all-but-infinite set of fonts that may be used. You can 
also generate bold fonts, by causing charcters to be overprinted, 
with a slight offset. 

The character siz~ is defined through the HP-GL character size 
(SI) command. This command has two parameters width and 
height. The size parameters are addressed in centimeters (1 cm 
is 400 plotter units) . 

In addition to the size of the characters generated, the SI 
command also defines the amount of space the plotter will 
generate between characters (one half the width parameter) and 
the spacing between lines (equal to the height parameter) . 

In most cases, you don't really need a lot of different sizes. 
So we have to some extent standardized, and most commonly use two 
sizes, one for headings, and one for "ordinary• text. You can 
see which sizes they appear to be in this paper. The selected 
character sizes are: 

Headings: 
Text: 

o.a cm wide, 0.45 cm high. 
0.16 cm wide, 0.22 cm high. 

For JtalJos. you may slant the characters. by us1ng the Slant 
(SL) command. ThJs command wJll cause all subsequent text to be 
slaflted, until a new SL command resets the previous one. In the 
SL command you specify the tangent to the angle between the 
vertJcal ax1s and the uprJghts of the characters. For slanting 
thls paragraph. we have used a tangent value of 0.3. 

The .second manner in which you oan generate special character 
fonts is by double-printing the text, with e slight offset· 
between where the text is positioned each time. This generates 
DOLD characters. This paragraph was printed by using en offset 
of 5 plotter-units on both axes. 

ll!l!'"f 
~y 

....... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=I!;!-~ 
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6. Editing the text 

The text that you want to plot can be entered into the computer 
by mweans of any editor. I usually use HPSLATE for this type of 
text input, especially because of its easy text-justification 
capabilities. Because HPSLATE uses a very special file layout, I 
convert the finished file to a standard EDITOR-type file before 
plotUng it. 

But you can use any editor to edit the text that you want plotted 
- TOP. OEDIT, SPEEDEDIT or any of the other ones available.. If 
you use an editor that uses e special file format (as OEDIT 
does), you will have to convert to a nor1110l EDITOR-type file 
before you can start preparing for outputting the text on the 
plotter. 

When you have entered your text, and have converted it to EOITOR­
type file format, the next step ts to prepare it for plotter 
output. I prefer to split the text into page-sized files before 
I output it on the plotter. This i• also more compatible with 
the way in which the plotters work - they generally only output a 
page at e time. These files are work-files, into which I copy e 
part of the text file. I purge them after I have used them. 

The page-sized files can now be manipulated to produce files that 
can be output directly on the plotter. This means inserting HP-
6L commands into the files. I normally do this in HP's standard 
editor - EDIT/SOOO. And, of course, these files ere UNNUMBERED 
files. They should contain BO-byte records, for compatibility 
with the definition of the plotter in the MPE I/O configuration. 

The simplest type of plot-f tla contains only the following 
commands: 

i. Initialize: Select pen, position to top left-hand corner 
(e.g. SP1:PA1000, 10000: - Select pen 11, Start output at 
position 1000, 10000) • 

2. Plot the whole page (e.g. SI0.5,0.S75:LB •.. text ... <ETX>: 
where ... text ..• may span multiple lines). 

The next step in sophistication, is to print the heeding in a 
different size. You do this by using additional SI (character 
Slze) end PA (Plot Absolute) commands. E.g. The headings in 
this document where generated through the following series of HP­
GL commands: 

SP5;SIO.S,0.45;PA750, 11000; 
LB ••• heading ... 
<ETX>:· 
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This causes the heading to 
750, 11000, and using an extra 
causes the plotter to execute 
The plotter pen will now be 
heading. 

be positioned from the point 
line for the terminator (<ETX>) 

a carriage return and line feed. 
at a position directly below the 

Starting at this position, the text is plotted using the command 
sequence: 

SP1;SI0.1B,0.22;LB 
... text •.. 
<ETX>: SPO; 

By placing the text on separate lines it is a lot easier to edit 
the text, than if text and commands ware on the same lines. I 
have also included a pen selection command in both the heading 
output sequence and the text output sequence. The reason for 
doing this, is to ensure that text is always plotted in the right 
colour and line width, even when you have changed the pen 
selection in one command. 

The actual text plotting is accomplished by using the standard 
MPE file copy utility FCDPY. You do this by using the following 
MPE commands: 

FILE PLOTTER; DEV•xx 

FCOPY FAOM•plottext;XD•MPLDTTEA 

We normally plot out a file that contains initialization commands 
for the plotter first, and a plotter termination file afterwards. 
This ensures that the plotter is available for aooess from other 
applications, after we have finished using it for text plotting. 
It is important to do this if the plotter is connected to a 
terminal through an eavesdrop cable - the plotter will not let 
data through to or from the terminal if it hasn't been •turned 
off" by a command. 

"""' ~'Wt'( 

'""'-~~~~~~~~~~~~~~~~~~~~~~~~~~IJI!. 
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7. Conclusions 

In this paper we have seen how en HP plotter can be used for 
printing text. It is now time to look back, and answer tha 
question I think many of you have been asking yourselves: WHY 
output text on a plotter? 

I think there are several good reasons for using a plotter as a 
text output medium. The main ones are: 

The plotter gives e much nicer-looking document than an 
ordinary letter-quality printer gives you. Its ability 
to use varied text sizes is a major advantage. 

Outputting text in the manner we have described here, is 
normally much faster then the text output functions of 
most graphics packages, but you have to sacrifice type­
fonts such as Gotohic and Roman. 

It is a lot cheaper to output text in this manner than on 
a laser printer, which is able to do the same type of 
character scaling that we do on the plotter. 

Compared to graphics systems, using the HP-GL approach, 
puts a much smaller load on the system. The CPU­
consumption of graphics programs is very high in general. 
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TOE PAINS & PLEASURES OF OFFICE AUTOMATION THE llPWAY -

A CASE HISTORY OF OFFICE AUTOMATION AT GLAXO PUARMACEUTICALS 

by 

M.H.Wadsworth, 
Glaxo Pharmaceuticals Ltd., 

Greenford, Middlesex. 

Summary 

Glaxo Pharmaceuticals have 
minicomputers with over five 
network is spread throughout 
different sites. 

a network of seventeen HP3000 
hundred terminals attached. The 
Great Britain and serves a dozen 

The way in which Office Automation products have been introduced to 
the network together with the troubles and benefits arising from 
the adoption of the Hewlett Packard approach is dicussed. The 
products used include HPMAIL, HPWORD, WORD125, HPSLATE, HPTELEX, 
DSG and EASYCHART. 

'I'he use of non HP products for financial modelling and interaction 
with Pres tel are outlined together with hopes for futur.e 
development. 

Introduction. 

Glaxo, the largest British Pharmaceutical Company, has factories 
and subsidiaries in over fifty countries around the world and is one 
of the world's top twenty pharmaceutical concerns. 

It deals largely in "ethical pharhmaceuticals" (prescription 
medicines) and is currently best known for it's anti-ulcer drug 
ZANTAC, it's anti-asthmatic drugs VENTOLIN and BECOTIDE and it's 
antibiotics CEPOREX and ZINACEF. 

In the United Kingdom Glaxo has over a dozen sites spread throughout 
the country from Montrose in the North East of Scotland to the London 
area. The company therefore requires rapid and efficient 
methods of communication. 

In 1978 the pattern for future Office Automation was set by the 
decision to establish two communications networks. It was decided 
to develop a distributed communications network based on HP3000 
minicomputers to provide the Data Processing requirements of the 
whole company. The second network was a telecommunications 
network eventually to be composed of private digital exchanges. 
The development of the computer network together with it's DP 
systems and the consequent terminals and other peripherals has 
progressed rapidly and now consists of 17 HP3000s serving 12 sites. 
Over 500 terminals are installed on the network and provide an 
excellent infrastructure for our Integrated Office Automation 
Strategy. 

55-1 



Al though it had been foreseen in 1978 that the policy of a 
dis.tributed Computer Network would provide the springboard to 
Office Automation it was not until the early 1980s that t.he 
necessary sofware packages began to appear. 

In the first half of 1981 we entered the field with an examination of 
Decision Support Graphics and a Visicalc Package for Financial 
Modelling. The latter package proved inadequate and was replaced 
by the much more comprehensive FCS-EPS system. 

Later the same year we experimented with HP' s version of 
Spellbinder, WORD125, running on their 125 "Business Assistant" 
microcomputer. 

Electronic Mail appeared on the scene the following year when we 
undertook a Beta test of HPMAIL for Hewlett Packard. 

Our introduction to Hewlett Packard's own word processing software 
came about the same time, but difficulty in obtaining hardware - not 
an isolated problem - delayed it's introduction until a few months 
later. 

Finally computerised Telex, once again delayed by problems of 
hardware delivery, was installed in May of this year. 

I will now discuss the experiences we have had with these products 
and how we hope both the products and Office Automation at Glaxo will 
develop in the future. 

HPMAIL 

As a Beta test site in February 1982 we had a chance to evaluate HP' s 
electronic mail at a very early stage. The system was set up on 
seven computers over six sites with about twenty five users all from 
within the Management Services Department. 

The product, although it had several minor teething problems, 
proved to be very reliable and able to recover from machine failures 
without either major effort or loss of mail. Consequently we 
agreed to purchase the system at the end of the trial and began to 
extend the number of users on the system. 

One of the justifications for the purchase of the system was it's 
ability to transfer software developed at Greenford to computers 
all round the network. After trial transmissions this was 
initiated on a live basis in July 1982 and is estimated to save the 
work of two people transmitting the software manually. 

The system continued to expand and in March 1983 users were set up on 
a further three HP3000s. 

In May of this year a British Telecom DCEl modem was installed on one 
of the computers at Greenford releasing HPMAIL from the confines of 
our network and allowing it to reach any HP3000 with a synchronous 
link to the Public Telephone Network. 

Finally in June we installed HPDESKMANAGER, the enhanced version of 
HPMAIL, on a non-networked linked machine for evaluation. The 
immediate problem we encountered was the hole it made in the 
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security of the system. Within the Work Area it is possible to 
issue MPE commands, including the RUN command, overriding the 
restrictions imposed by log-on UDCs. This problem has yet to be 
overcome and to date the system has only been installed on our three 
development machines. 

The way we expanded the system following the Beta test was to select 
groups of users who both had the need to communicate, preferably on a 
multi-site basis, and were well equipped with terminals. We have 
made it a general rule that we do not provide new terminals to people 
purely for the use of electronic mail. We have found that HPMAIL is 
very popular and effective when a user finds that all the people with 
whom he communicates are also HPMAIL users. In a communicating 
group where half or more are not HPMAIL users the system is not 
popular and it's use declines. 

Using these criteria the number of users on the system has gradually 
increased from the initial twenty five of the Beta test to a current 
level of virtually four hundred users now spread over fifteen 
computers and twelve sites. The last few months have also brought 
us to the situation where people are asking to be put onto HPMAIL in 
order to communicate with existing user groups. 

Let us now examine the strengths and weaknesses of HPMAIL. Firstly 
it's strengths: 

it is a "user friendly" system being relatively simple to use and 
containing very good inbuilt •help" facilities. The self paced 
training package which comes with the system, whilst having proved 
useful for a few people, is rather longwinded and most users tend to 
find it is easier to learn by using the system. 

The system is both reliable and robust and we have very few problems 
even with about 400 users. System failures do not cause any 
serious errors and the worst problems arise from databases becoming 
ful 1, as I will mention later. Occasional problems are the 
stopping of the transport mechanism either due to a MAILTRUCK 
becoming stuck on a OS Line or the aborting of the transport 
programs. 

Both these occurrences are easily rectified by closing down and 
restarting the transport system which is done without affecting 
system users. The final intermittent problem is that of users 
being inexplicably ejected from the system with a message to the 
effect the •uPMAIL has encountered a serious error". This is 
nearly always not repeated when the user signs on anew and repeats 
the process he was engaged in.·' 

The ability to put acknowledgement levels on the mail you send is a 
very valuable feature of HPMAIL. It not only enables you to know 
that the system has safely delivered your mail but also allows you to 
tell if a particularly important message has been read - this also 
provides a method of checking those users who don't read their mai 1 
regularly. 

Finally it can be used on any terminal connected to an HP3000. This 
is an important feature for any Office Automation system and has 
enabled us to use an Exxon 520 Word Processor as a terminal for 
acessing HPMAIL. 
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Next we have the shortcomings of HPMAIL 

Firstly the problem that has caused us most trouble in the transport 
of software and large forms files around the system is "inefficient 
networking". By this I mean the HPMAIL decides how to package 
messages to multiple destinations throughout the network. For 
example sending a message from the development computer Green ford C 
to the five live machine Montrose, Ulverston, Barnard Castle 1, 
Speke land Ware l would involve sending five copies to Greenford A, 
to Greenford 1 and to Greenford 2 before they split up to their 
respective destinations. As you can well imagine if this message 
were a forms file of some 3000 sectors the databases of the 
intermediate machines would rapidly fill up resulting in crashes of 
the system and in some cases loss of mail. To minimise this 
duplication of messages we have set up dummy users at the hubs of the 
network and employ HPMAIL's AUTOFORWARD facility to send the 
messages on to their final destination. 

Another problem, which has been resolved with HPDESKMANAGER, was 
the short message length that was permitted for the entry and 
editing of messages. The length is determined by the memory of the 
terminal being used which and further frustrations for users who 
regularly use terminals with different memory sizes. 

The final problem I have listed is database locking. The method of 
locking employed by HPMAIL is not efficient and although this is not 
a problem for normal messages considerable delays do occur when 
software is being copied into or out of the system. 

WORD PROCESSING 

I will now move on to discuss the use of Word Processors within Glaxo 
Pharmaceuticals. 

Our introduction to Word Processors was, like a lot of people's, 
with the Vydec - a machine which has proved to be extremely popular 
with it's users and, indeed, we still not only have several still 
operating but also have users asking for morel 

Early in i981 we experimented with WORD125 which is Spellbinder 
adapted by HP to run on the HP125 and the package makes very good use 
of the micro's programmable soft keys. The system requires the 
operator to remembe.r more control codes than most modern WP systems 
and the editing features are not as flexible, particularly in the 
adjustment of tabulation settings. However it is a reasonable 
word processing system and we recommend it for users where the 
benefits of a stand alone microcomputer can be made use of in other 
areas. The notable example is in our Accounts Departments where 
the HP125 can of.fer the facility of the modelling package micro EPS 
which I will mention later. 

About the same time as the introduction of the HP125 we also 
installed some Exxon 520 Word Processors. Here the demand for some 
form of Word Processing could not be deferred until the advent of 
HPWORD, which we were assured was just around the corner. The 
Exxon 520s were chosen because they ostensibly came from the same 
stable as the Vydec and were claimed to be linkable to the HP3000 
computer. After one or two initial problems with the training of 
users the systems have become popular with their users and have not 
caused a lot of problems. 
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Finally we have HPWORD which was installed within the Management 
Services Department about the middle of last year, and has 
gradually spread from there. Initially the hardware was di ff icul t 
to obtain - a position which for one reason or another does not seem 
to have changed very much ever since. 

HPWORD I was limited by the need for two computer ports per system, 
one for the terminal and the second for the printer, a fatal flaw on 
an already crowded network, and so only a couple of installations of 
this version were made. With the advent of HPWORD II and the 
capability of the printer to be supported from the terminal we were 
able to expand the number of users without filling up all the 
computer ports, or at least only filling them at half the previous 
rate. We now have about twenty five systems operational and all 
are working satisfactorily. 

Let us now look at the good points of HPWORD: 

Compatibility; HPWORD operates from an HP2626W terminal which is a 
modified version of HP's top of the range non-graphics terminal 
and, as such, is capable of running any program which does not 
require a graphics terminal. Also the software is compatible with 
other HP systems; for example QUERY can be used to extract data from 
an IMAGE database and store it in a form that can be included in an 
HPWORD document. We have used this technique for sending a 
personalised letter to each of our suppliers using the names and 
addresses stored in an image database. This compatibility is 
undoubtedly the deciding factor in the choice of HPWORD as our 
number one word processing system. 

The risk of loss of work in the event of machine failure is minimised 
by the storage of text by paragraphs. The maximum loss can only be a 
paragraph as opposed to a stand-alone system where the loss can be 
several hours work if storage is not carried out more regularly. 

The system is easy to use and has the good editing facilities that 
one would expect from a modern word processing system. 

One feature of HPWORD II that has proved useful is the ability to 
cater for non-standard daisy wheels by the use of specially created 
environment files; it is surprising how manyusers have a favorite 
typeface which can only be obtained on non-standard daisy wheels or 
who require a character which can be obtained by a double strike of 
two different petals of the daisy wheel. 

Now we have the shortcomings of HPWORD: 

Undoubtedly the major shortcoming is the fact that HPWORD requires 
the HPJOOO to be running and available to users for word processing 
to take place. In our case this immediately restricts use to the 
hours between 7.30 a.m. and 6.00 p.m., a restriction which is not 
acceptable to all potential users. 

The next shortcoming is, perhaps, an unwarrented criticism as it is 
difficult to see how the full features of HPWORD could be offered on 
a standard terminal. However the fact that a special and expensive 
terminal is required is undoubtedly a disadvantage to the 
installation of new systems. 

55-5 



HP did not initially provide training courses for users but only for 
those supervising the systems. Instead they provide a self-paced 
training package for use by the new secretary on her own equipment. 
The disadvantage of this method is that it is difficult either for 
the secretary to undergo the training at her own desk due to the 
intrusion of the other facets of her job or, alternatively, to set up 
the equipment in a special area for training. I understand that HP 
have just modified this policy and are now carrying out a three day 
training course, although the 390 pounds they charge does put off 
several new users! 

HPWORD is not good for filling in forms. Certain forms can be 
catered for if templates are designed, but this is time consuming 
and will not cope with all forms. 

One criticism I receive from users of HPWORD is troublesome 
pagination. HPWORD'will automatically paginate avoiding widows 
and orphans, but will quite happily end a page immediately below a 
heading or in the middle of a table. Page endings can be inserted 
manually or lines can be "bound" together but either of these 
procedures is time consuming and fiddly. The main problem arises 
because there is no indication when you are actually typing as to the 
number of lines you have typed on the given page. 

We would hope to see HPWORD develop the following features over the 
next few years: 

Firstly it should become a stand alone system to enable document 
entry to be independent of the availability of the HP3000 but to 
enable full compatibility with the HP3000 to allow document. 
transfer etc to take place. 

The system should have the ability to include graphics, and 
preferably to be able to run on a graphics terminal. 

HP should provide training courses at reasonable prices. 

The system should include a much improved forms filling capability. 

Outpqt facilities should become faster, quieter and cheaper than 
the daisy wheel printers now available. 

HPTELEX 

HPTELEX was installed in May of this year after several months of 
waiting for both British Telecom to install the necessary DCE 3 
modem and for HP to deliver their Telex unit. On installation our 
DCE 3 proved defective and it was a further week or so before the 
system began to work properly. 

Our use of the system to date have revealed the following good points 
for HPTEI.EX: 

The system is simple to use for sending single page Telexes; after 
only a few minutes instructions most users can happily send off 
their own Telexes. 

'rhe large Directory of Telex numbers that can be stored by the system 
save the user from having to remember the codes and numbers for 
regularly used destinations. 
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Telexes can be sent from any terminal which can support block mode 
making the system available to virtually all of the terminals 
attached to our network. 

The Telex queue makes it possible for all users to check that their 
Telexes have been transmitted correctly. 

The weak points of HP'l'ELEX which have been revealed to date are: 

'l'he system has a high demand on computer ports, requiring one for the 
'l'elex printer and two for each Telex line used on the system. 

The sending of Telexes of greater length than one page is 
complicated by the fact that an ASCII file of the message must be 
created on the system first. This requires the user to have access 
with a second facility such as HPWORD or HPSLA'l'E and involves some 
form of file conversion. 

'l'he Directory, mentioned earlier, is displayed in a totally random 
fashion making it difficult to dicover whether an addressee of 
interest is on it. 

The use of the programmable softkeys has not been as well designed as 
in other HP off ice systems. An inadvertant press of the SEND key 
after typing in one's Telex can commit it irrevocably to the ether 
rather than to the Telex line. 

The system cannot be operated by character mode terminals and so is 
not available to devices such as an Exxon 520. 

We would like to see HPTELEX develop the following features in the 
not too distant future: 

An improved method of dealing with incoming Telexes, perhaps an 
interface with HPMAII., is desirable to help overcome the delays and 
problems involved in distributing 'l'elexes from a centralised 
printer. 

Programmatic analysis of the Telexlog to enable reconciliation of 
the Telex bill would be an extremely useful enhancement. 
Considerable time and effort is currently spent doing this 
manually. 

The use of the programmable soft keys should be ad justed so that it 
is not possible to inadvertantly delete one's Telex before 
transmission 

The Directory should be displayed in alphabetical order and it 
should be possible to access the directory after entering the 
Telex message. 

GRAPHICS PACKAGES 

We have examined several Graphics packages from Hewlett Packard and 
are currently using three: 

The packages designed for the 2647, Auto- or Multi.plot and the 
Graphics Presentation Pack are used within the Management Services 
Departmel'' for the presentation of monthly statistics and in the 
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preparation of reports. The systems are particularly good for 
producing textual slides. 

DSG3000 the first of HP's 3000 based Graphics Packages is used 
within our Accounts Department for producing financial graphs for 
inclusion in their monthly reports. The system is versatile but is 
slower to use than the 2647 based systems particularly for textual 
slides. 

EASYCHART, a more recent HP3000 package, is very simple a quick to 
use but has limited choice of format and does not cater for textual 
slides. It is currently being tested as a means of producing 
production statistics at one of our Secondary Production Sites. 

HPORAW, the top of the range product for use on the HP3000, can be 
used to combine and manipulate charts from DSG and EASYCHART and has 
good facilities for adding text. However we have not found an 
application for this system which justifies it's large usage of 
computer resources. 

GRAPHICS125 has been examined and appears to be similar to the 
multiplot package on the 2647. Currently we have no users of 
HP125s who have requested a graphics package. 

DSG and EASYCHART can both be used from any block mode terminal and 
so together with the HP7470A two pen plotter, at around 1000 pounds, 
can provide a relatively cheap graphics capability. 

OTHER SYSTEMS 

Finally I will discuss the various additional features that we 
either have on our system or are in the process of investigating: 

Financial Modelling systems have been used at Glaxo for several 
years since early 1981 when Visicalc on an HP85 m:i.crocomputer was 
:i.nvestigated. This was quickly found to be very limited in it's 
capacity and capabilities and we moved on to FCS-EPS a much more 
comprehensive package from EPS Consultants, the HP3000 version of 
which had been developed in conjunction with our colleagues at 
Glaxo Holdings. This has proved very successful and we have 
recently purchased it's subset Micro FCS for use on the IIPl 25. It 
is envisaged that our Production Sites will use Micro FCS to produce 
their site reports which can then be transmitted to Greenford and 
combined and refined using the HP3000 based system. 

The possibilities of accessing Prest.el from any terminal connected 
to the computer network is currently under investigation. The 
system which is desighed by Zycor Ltd and based on their Teledec TI 
interface unit, is being successfully used elsewhere and our 
initial investigations look hopeful. The system filters out the 
graphic and colour features and displays the remaining data on the 
terminal screen. 

Access to other external databases would be another enhancement to 
our system which we hope to obtain in the near future, either as a 
spin-off from the Zycor system or from use of an autodial modern. 

Glaxo is currently examining the use of a fibre optics LAN to connect 
terminals and computers on our Greenford site. It is hoped that 
this system will enable us to locate our office systems 1- -.ely on 
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one computer and thereby minimise on the costs of replicating 
software. This system would also provide a more efficient means of 
offering such services as HP'l'ELEX to the maximum number of users. 

I hope that I have managed to provide some insight into the way in 
which we introduced Office Automation at Glaxo and have indicated 
some of the pleasures of doing it the HP way without dwelling too 
long on the pains! 
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Slide 1 

1978 - SETTING THE PATTERN 

A. A DISTRIBUTED COMPUTER NETWORK 

BASED ON HP3000 COMPUTERS 

B. A TELECOMMUNICATIONS NETWORK 

BASED ON DIGITAL EXCHANGES 
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Slide 3 

OFFICE AUTOMATION PRODUCTS 

GRAPHICS PACKAGES from May '81 

MODELLING PACKAGES - from May '81 

WORD125 from Dec '81 

HPMAIL from Feb '82 

HPWORD from Jun '82 

HPTELEX from May '83 
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Slide 4 

llPMAIL 

A CHRONOLOGICAL SUMMARY 

Feb '82 BETA TEST SITE 

May '82 AGREEMENT TO PURCHASE 

Jul '82 SOFTWARE TRANSPORT 

Mar '83 THREE MORE COMPUTERS 

May '83 AUTODIAL MODEM 

Jun '83 HPDESKMANAGER ON TEST 
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Slide I 

HP MAIL 

ITS STRONG POINTS 

USER FRIENDLY 

RELIABLE 

ALL FILE COMPATABILITY 

ACKNOWLEDGEMENTS 

ANY TERMINAL 
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HP MAIL 

ITS SHORTCOMINGS 

INEFFICIENT NETWORKING 

ARDUOUS HOUSEKEEPING 

LIMITED MESSAGE LENGTH 

DATASET LOCKING 

Slide 9 

lVORD PROCESSING 

VYOECS 

WORD125 

EXXON 500 SERIES 

HPWORO 
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HPWORD 

ITS GOOD POINTS 

COMPATABILITY 

STORAGE BY PARAGRAPHS 

EASY TO USE 

COCO EDITING 

NON STANDARD DAISY WHEELS 

SUd• 11 

HPWOBD 

ITS SHORTCOMINGS 

DEPENDENCE UPON COMPUTER 

NON STANDARD TERMINAL 

NO TRAINING COURSES 

POOR FORMS ABILITY 

PAGINATION Olf'F'ICULTIES 
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HPlVORD 

HOPES FOR THE FUTURE 

STAND-ALONE SYSTEM 

GRAPHICS CAPABILITIES 

TRAINING COURSES 

FORMS CAPABILITY 

IMPROVED OUTPUT 

Slldo 13 

HPTELEX 

ITS STRONG POINTS 

EASY TO USE 

LARGE DIRECTORY 

ANY BLOCK MOOE TERMINAL 
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HPTELEX 

ITS SHORTCOMINGS 

COMPUTER PORTS 

LONG TELEXES 

RANDOM DIRECTORY 

POOR SOFT KEYS 

ONLY BLOCK MOOE TERMINAL 

Slide l S 

HP TELEX 

HOPES FOR THE FUTURE 

INTERFACE WITH HPMAIL 

TELEX STATISTICS 

ALPHABETICAL DIRECTORY 

BffiER SOFT KEYS 
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GRAPHICS PACKAGES 

AUTO &: MULTIPLOT F"OR 2647 
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EASY CHART 
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OTHER SYSTEMS 
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LOCAL AREA NETWORKS 
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Linguistic Aspects 
of 

Word Processing 

by 
Pranz-Josef Boll 

Word processing is well on the way to being fully integrated 
with data processing and telecommunications. But at the same 
time there is a tendency to forget that word processing deals 
with texts, with languages in written form and that modern 
languages can be very complicated from it's inherent structure 
and do not always easily fit into a machine's requirements. It 
is therefore essential that linguistics be considered when 
designing and implementing a word processing system. 
"Intelligent" word processing systems will not only regard 
texts as a sequence of meaningless characters~ but will try to 
recognize words, sounds within a word etc. 

The main points we will discuss here are characters sets, 
vocabularies, frequency of word usage, automatic correction 
aid and automatic hyphenation. 
The ideas presented here are the result of my work in design­
ing and implementing the word procesing system IDT - Inte­
grated text and data processing, where multi-language support 
is one of the features available to the user. 
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Wn ting Sounds 

In contradiction to the hieroglyphics common to, say, Asia, 
written texts in European languages consist of letters repre­
senting sounds. Generally a word is made tip of more than one 
letter, and each letter or group of letters, such as a diph­
thong or a consonant group like the ch in German, depicts a 
sound. 
So we see, words are a combination of letters, of alphabetic 
symboJs. The first logical step in many algorithms of word 
processing, therefore, is to recognise orders of characters, 
to be able to isolate a word from the context, to comprehend 
semantemes, which are frequently, but not always, terminated 
hy spaces or•punctuation marks. Before such tasks as "spelling 
ai.d" or hyphenation can be overcome, it is necessary to iso­
late "current" words. 
The definition of national character sets, though, differs 
substantially. The ASCII character set defines A:Z and a:z as 
alphabetic, this is implemented in the hp 3000 instruction set 
at firmware level and can be used easily by SPL instructions 
like MOVB WHILB AS etc. (Note: COBOL uses a different defini­
tion!). 
The set of alphabetic characters of the ASCII standard is a 
subset of other European characters sets. There are countless 
national peculiarities, for example the ~ - c with cedilla -
in French, • in Sweden, umlauts and the B in German. Natur­
ally the use of accents, diacritic marks, must also be taken 
into consideration, as they are part of an alphabetic word. 

Complete National Character Sets 

What does all that mean in a practical sense? Well, on user 
level the support for languages and it's characters should be 
a must. Many systems already fulfill that requirement, but 
only few of them allow you, for example, to switch from one 
language to another without major problems. HP's terminals now 
usually support 7 character sets, by the way we are missing 
Italian and Portuguese! But scanning, searching and upshifting 
must be done by application software still - printer support 
to a certain extent too. For example it is mandatory to 
replace the German i by and X in many algorithms, it might 
even be useful to replace the French i by an A when searching 
for strings. 
The word processing systems IDT uses procedures that branch 
into a different "case" for each character set or language, 
and test and upshift all not blank not alphabetic ASCII char­
acters, where necessary. Certain bit combinatians are replaced 
by other ones or are recognised as part of a word. 
In this context it is worth while mentioning printer output as 
an interesting problem. Software based solutions surely are 
the future, some printers, for example, have firmware ROMs for 
different sets, an other approach is to synthesise character 
sets on daisywheel printers, the OLYMPIA EUROTRONIC typewriter 
uses that technology and is able to print 11 different char­
acter sets without the necessity to change the print wheel! 
Laser printers and software controllable ink spot printers 
will offer additional capabilities. 
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Living Vocabul~ 

Surely one of the great fascinations of modern languages is 
their complexedness. Alone the vocabulary of a language rich 
in cultural tradition and with a long historical background is 
a great challenge! 

Let us take the German language, for example: 
The three volumes of the "small" DUDEN dictionary contain a 
total of approx. 75,000 keywords making it a rather limited 
reference book. The DUDEN for orthography contains about 
200,000 entries. And these are only basic word forms! Count­
less other formations result from conjugation, declination, 
and compound words can be derived. German is especially com­
plex in that respect. 

The dictionaries again only contain a basic vocabulary, a set 
of words regarded as important from a certain intellectual 
point of view. In order to make a language "complete", many 
kinds of words, e.g. names, day to day expressions, technical, 
scientific terms must be considered, too. 
Another example: German chemical science is said to have a 
vocabulary of 500,000 words, German medical science has about 
80,000. 

In addition, these vocabularies are constantly being subject 
to changes and extensions. Dictionaries usually drag a lot of 
dead weight around with them in the form of old-fashioned or 
obsolete expressions, whereas it is virtually impossible to 
find there "new" words like in German Lebensqualitat or Wind­
surfen or Eckdaten. 

It is now interesting to observe the frequency of word usage: 
Among the astronomical number of words and word formations 
there are only a few, that are used repeatedly. In German for 
example, the four most frequent words cover about 10 \ of a 
text, and only 300 word forms cover 50 - 70 \of all lexical 
units in a text. These words are usually evenly distributed in 
all texts, whereas others - the less frequent ones - usually 
are not. While a certain basic vocabulary of comparatively 
well-used words can be found in the writings of all authors, 
there are other words usually used only in a certain context, 
by certain authors, at certain times. 

Again some examples 
Many social classes have their own language, slang or jargon 
and words used by teenagers would hardly be found in the world 
of officialdom. 
There are regional differences: 
Within the German language. Plaste and subbottern, for 
example, frequently used in East Germany are unknown in the 
Federal Republic, the Swiss have no B, what we call Bilrgers­
teig is in Austria Gehsteig. 
We all know of the differences between American and British 
English, particularly in the spelling. 
The South American words carro and estampilla are coche and 
sello in Castile. 
In Norway there are even two dialects each with all the char­
acteristics of a written language: Nynorsk and Bokmal. 
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Correction Aid by Computer. 

All these peculiarities lead to consequences for the modern 
wordprocessing system. First of all for the correction aid: 
Each word of a text is isolated and compared with ~. diction­
ary. If it can neither be found there nor derived from a word 
in the dictionary, then it is marked as doubtful. Par example, 
the word is shown inversely or the cursor positioned at the 
beginning of the word. This kind of correction aid can check 
the spelling of a word, but not the possible mistakes in cap­
ital letters. At present it is also almost impossible to make 
semantic analyses. Form and from could both be correct and yet 
at the same time, depending on the context, a typical case of 
letters mistakenly turned arround. 
If any correction aid system is to be more than a sales gag, 
it must be implemented thoroughly. 
The problem of the immense number of possible words can be 
solved in various ways: 
1. through. a comprehensive standard dictionary containing a 

large number of word forms and based on statistical analy­
sis. 

2. providing specialized dictionaries to complement the above 
standard edition. 

3. by enabling the user to enlarge these dictionaries exten­
sively. 

4. by implementing a "learning" system within the word-proc­
essing system which automatically absorbs the vocabulary 
of existing texts, or where the words which the proces~or 
does not know can be entered into the dictionary by press­
ing a key. After all we humans can only increase our voca­
bulary and bring it up to date when we never stop learn­
ing. 

By combing the general and specialized parts of the dictionary 
and adding this ability to "learn" we can also solve the dis­
semination problems. The learning function will always exactly 
reflect the vocabulary of the latest context. Almost like a 
particularly keen pupil, it will "note" those very words that 
are presented to it day in day out. 
An efficient implementation demands quick and easy recognition 
of the frequent words, whereby the borderline between "good" 
and "bad" in today's data-processing mainly lies in avoiding 
disk accesses. Another problem is to organise direct and ran­
dom access to a large mass of data, one answer being hashing. 
In general, access to the dictionary should be in layers, as 
the real vocabulary is divided into different, logical levels, 
too. 

The correction aid could be very valuable for scientific 
works. In particular, because it is difficult to find a mis­
take in a word like Desoxyribonukleinsaure, it gives you a 
headache, too. By the way, it might not be a bad idea to keep 
such monstrous words in a comprehensive constant register, 
which would have to be tailored to the users needs, of course. 
This would not only mean time saved on the text input, but 
would also reduce the quota of mistakes to a minimum. 
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Automatic Hyphenation 

A further vital element to modern word processing is automatic 
hyphenation. Quite a number of manufacturers seem to be just 
too lazy to make a hyphenation routine part of their software. 
But there is no doubt in the usefulness of such an aid when 
large amounts of text have to be dealt with. 
What should a hyphenic algorithm actually achieve? It examines 
words in the text for possible hyphenation with the aim to 
1. recognise all or almost all the possible hyphenations 
2. keep the rate of mistakes low. 
3. hyphenate all frequent words correctly and 
4. work efficiently 
It is certainly not child's play to design a good hyphenic 
algorithm, but there is really no secret to it. 
The Romanic languages are comparatively easy to deal with. In 
Spanish for example, words could be hyphenated after every 
other letter in many cases, as in a-ta-vi-e or es-pi-a. 
Germanic language are quite a different problem, however: 
1. Prefixes and the rest of the word must be handled sepa­

rately, whereby prefixes may appear in the middle of the 
word. 

2. A similar problem arises with suffixes, especially in the 
English language. 

3. In German as well as in Scandinavian languages compound 
words are often to be found, and they are often difficult 
for the computer to identify, e.g. Not-aus but Spitz-maus. 
There is practically no limit to compound words in German. 

4. Words are often hyphenated depending on their meaning. The 
English language is particularly rich in this respect, for 
example 
le-gate - to leave by will 
leg-ate - a Pope's ambassador 
sec-ond - next after the first or sixtieth part of a 
minute 
se-cond - to transfer to a special assignment. 
In this case we recommend that these known words be left 
unhyphenated. It will take many years before computers are 
in a position to tackle texts from a semantic point of 
view. 

5. Certain hyphenations are possible but the results are 
rather ugly. The word Urinstinkt is one of the classical 
examples in German, and unfortunately computers have a 
rather undeveloped sense of aesthetics. 

6. In German there are two special cases: 
One ist the peculiarity that ck becomes k-k when sepa­
rated, although never in proper names, where it cannot be 
parted. 
And consonants which disappeared when comtiing words reap­
pear when the word is hyphenated. 
Schif(f)fahrt is an example. 

In spite of the above-named difficulties, it does not pose too 
great a problem to write an algorithm with a low rate of 
errors. It is easy to achieve 95 \ correct hyphenations in the 
German language and 98 per cent should not be impossible. In 
some Romanic languages a higher level is within our reach. 
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An Hyphenation Algorithm. 

The following approach is practical for most of the languages 
named. The Duden dictionary gives us the information: Words 
should be hyphenated ''according to the syllables which auto-
matically arise when speaking slowly'', ~hich is absolutely no 
use at all as an instruction to the computer. Besides that it 
presumes one knows how to pronounce the words. Nevertheless 
the fact that syllables serve as a kind of phonetic unit can 
be the start to solving the problem. After al], what is the 
definition of a syllable? It must have at least one vowel and 
must be pronounceable. Generally it also contains at least one 
consonant, besides the consonants serve as a kind of bridge 
between the different syllables. 
The principle consideration for an algorithm then is to 
analyse words as a sequence of vowels and consonants and use 
this information for our conclusions regarding the hyphena­
tion. Therefore in the initialization step each letter will be 
examined if it is an element of the vowels or not. The defini­
tion of this set differs considerably. Practically all lan­
guages contain the vowels A, E, I, 0, U, but German has the 
additional umlaut vowels and Danish contains e.g. the A. In 
some languages the letter Y functions as a vowel too, depend­
ing on its position in the word. 
In the main procedure the word is dealt with from left to 
right, after the search for the first vowel of the syllable we 
branch off in one of various possibilities. This depends on 
the case where we have a diphthong, a single consonant follow­
ing the vowel or a consonant group. Consonant groups again are 
tested if they belong to a group of sounds, that are a unit. 
The "standard" rule says that the last consonant belongs to 
the second syllable as in Land-gut and ge-hen. However there 
are groups of consonants in all languages which form a phone­
tic unit and therefore cannot be separated. Examples of these 
groups are ch and sch in German, nh in Portugese, 11 in Cas­
tilian and skj in Scandinavian. 
Using this algorithm a primary word of any length can be 
divided by working our way through the syllables. 
The next step is to deal with such structures as prefixes, 
suffixes and compound words. Prefixes might be investigated at 
the beginning of the program. However German prefixes appear 
in the middle of words as well as at the beginning, as in Ver­
ord-nung and Da-ten-ver-ar-bei-tung. Thus this check must not 
only be carried out at the beginning of a word but in many 
cases at the beginning of each syllable, too. This way a large 
number of the complicated cases of hyphenation can be coped 
with, provided, of course, the corresponding queries are not 
too trivially programmed. For reasons of speed and clarity the 
investigation of prefixes can be embedded in a multiple branch 
operation according to the first letter, 
Suffixes also deserve careful consideration, e.g. -less -ment 
-dom in English. Suffixes present a similar problem to pre­
fixes as they do not always appear at the end of the respec­
tive lexical unit. The greatest problem is posed by compound 
words, but analyses on the kind and frequency of compound 
words could contribute towards a solution in this case. 
Foreign words, and that includes the entire technical and 
scientific terminology are often easier to analyse than a true 
German word that has been put together from other originally 
German words. Furthermore a good algorithm will master many 
cases which just seem doubtful to a secretary, while the 
errors the program makes strike one in the eye immediately. 
Edinburgh 1983 
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The combination of a program for hyphenating and an exeption 
storage possibility is absolutely essential, as it is about 
the only means of getting a grip on practically every hyphena­
tion. 

A final remark: A hyphenation program should be able to inden­
tify as many hyphenations as possible and correctly. A com­
puter set system, on the other hand, should avoid hyphenating 
if possible. Type set separates e.g. the German word ei-ne 
because it is allowed grammatically, but a scientist or an 
author with a sense of aesthetics might find hyphenation in 
itself as ugly, especially when the last word of a page is 
split or compound words are hyphenated in the middle of a 
word. Not to mention the possibility to separate a-broad in 
English. 

56·7 
Edinburgh 1983 



.. berr. 5558.54 6388 87.01 
1903 1235 1093 1227 930 

ba• 1975 S78 248 35S 524 270 
ba~is• 19 12 2 3 0 2 
habcmoa• 2 0 0 I I 0 
habcr 29 7 8 5 3 6 
habcr• 232 38 64 SI 34 4S 
habla • 353 62 133 96 30 32 
habfa1 234 18 86 20 47 6J 
habla•• 153 18 116 11 4 4 
bablamoa J3 4 2 I J J 
bablamo1 • 8 2 3 2 0 I 
hablan • 181 27 71 24 41 18 
habldo 28 11 s 9 0 3 
hablcndo 22 2 4 2 1 1 
habieodo• j 2 t I I 0 
habr6 41 16 9 5 8 3 
habni • 46 24 2 8 8 4 
habr6o • 19 4 3 3 1 2 
babru • 12 6 2 4 0 0 
babr6 • ., 2 I 0 I 0 
babr6is 2 I 0 I 0 0 

Cutting of a Word Frequency Dictionary for Spanish 

AAAAAiiAAAAaaaaaaaaa<?A: Bb ccccc<;cccccc; o.l'iilctctd" d:E:E:E:EE:E:e;eeeeeeee~ Fr 

GGGGQggggg HHHhhh IiiiIIiipliiinq ij JJjj K~k~ LLLl.lf,.UliI:qn Mm 

N~~~¥n6nftqQ~n 06060060~0 o665H56ore0 Pp Qq RA~ur~fr s§§S~s6§~, s~~ 
rtrrtE~ttuDOOUOOOOovu~~auaaaaoy vv wAwD xx YiiYyj9y z~~!zi!l 12 •••• 1 •• 0 

0123456 7 89'l,~~~A l 2 ' ••• 7 •• 0 •• : j I i l?. II&@+=-<+> 0 u11% I l [] ( ) <> ¢$£/ \ * t ~ § ± Gfr¥ 
lf<P~llQ/A/ o' 'A•• - w w # 0 ' - > 0 ''A•• - w w N 0' -

Elements of European National Character Sets 
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I USA GB I FkBQUBNC\' DISPERSION 

FIRST FIVB HUNDRED 

dep. 30526.45 dep. 35144 lumbreran. 100.00 
2 ela. 25100.98 ela. 28440 misticismo n. 100.00 
3 la a. 21320.23 laa. 23937 pesquisa n. 100.00 
4 Y'i· 14049.55 ye. 14946 vestibulo n. 100.00 
5 ap. 13196.45 up. 13720 fin n. 96.55 
6 enp. 11602.37 enp. 12922 elpn. 96.19 
1 cl pn. 11104.34 clpn. 11543 ap. 96.18 
8 qucp11. 8752.35 quepn. 10167 sinp. 95.25 
9 ser 11. 8692.76 aer 11. 9907 timto al. 95.23 

JO quec. 6087.81 quec. 7518 mejor t1j. 94.20 
II habcr 11. 5558.!14 no av. 6900 haslap. 94.18 
12 SU aj. 48!14.90· haber 11. 6388 4nimon. 94.07 
13 ooav. 468R.!13 yopn. !1953 ye. 94.00 
14 una. 4497.30 SU aj. 5596 cuentan. 93.83 
IS por p. 4397.60 11110. 5033 labrador11. 93.75 
16 conp. 4295.25 porp. 4700 fiel aj. 93.68 
17 unaa. 3387.94 conp. 4667 ninguno aj. 93.57 
18 yop11. 3110.65 unaa. 3708 porp. 93.57 
19 para c. 2470.22 ellapn. 3043 d6ndea11. 93.!12 
20 ella pn. 2425.91 parac. 2682 quien (relat.) pn. 93.36 
21 este <1j. 2225.19 este aj. 2651 ml\11111. 93.31 
22 mas av. 2204.94 estat 11. 2501 algu.no pn. 93.28 
23 loa. 2109.27 loa. 2387 capazn. 92.94 
24 comoc. 2001.97 

tener "·' 2384 delicadoa/. 92.80 
25 estar 11. 1929.54 mas av. 2363 pesaJoaj. 92.80 
26 tener 11. 1920.00 ello pn.. 2292 pre lender 11. 92.70 
27 todoa/. 1772.78 comoc. 2265 poder 11. 92.32 
28 hacer 11. 1585.94 ifll. 2064 llegar 11. 92.27 
29 podcr 11. 1541.70 declr v. 2037 wear"· 9216 
30 decir 11. 1488.46 todo a/. 1951 patac. 92.10 
31 ellopn. 1477.92 tupn. 1928 coop. 92.03 
32 ir II. 1345.75 hacer 11. 1868 palabran. 91.83 
33 peroc. 1326.08 peroc. 1792 desdep. 91.72 
34 oc. 1110.90 poder 11. 1670 aiio11. 91.69 
35 otro a/. 1063.51 usledpn. 1574 tana11. 91.66 
36 sin p. 1002.99 oc. 1503 encontrar 11. 91.!12 
37 dar 11. 976.31 sic. 1327 frase n. 91.45 
38 sic. 954.93 yaa11. 1313 record11r 11. 91.41 
39 ver 11. 953.84 ver v. JJ02 uoaa. 91.37 
40 ya UV. 926.8R otro a/. 1255 mucho11/. 91.24 
41 dos nu. 858.33 ml11/. 1247 cualquicra p11. 91.22 
42 ese uj. 761.88 dar11. 1127 ·familian. ')1.20 

Spanish Words sorted by Frequency 
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"der" "die"' "und" 
Number : 4 
Share : 10 '.f. 
Distribution : even 

Nex~ very Frequent Word Forms 
Number : 300 - 500 
Share : 60 '.f. 
Distribution : even 

Frequent German Word Forms 
Number: 20.000 (?) 
Share : ? 
Distribution: morf' or less even 

Other Word Forms in use 
Number : Very Large 
Distribution : Not Even r--------.. Examples .. 

I 
Chemical Science 
Number of 
Words : 500 000 

Elements of the German Vocabulary 
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Medicine 
Number of 
Words : 

1 
I 
I 
I 

80 000' 



ALFABETISCH := FALSE; 
IF ZEICHEHSATZ = 1 
THEN E1EGIN 

ELSE 
THEN 

ELSE 
THEN 

ELSE 

IF BSTABE > 7.172 
AND BSTABE < 7.176 
THEN [1EGIN 

EISTABE 1 = 
BYTE<INTEGER<BSTABE> - 32)J 
END1 

IF BSTABE > 7.132 
AND BSTABE < 7.136 OR BSTABE = 7.176 
HIEN BEGIN 

ALFABETISCH 1= TRUEJ 
ENDJ 

END 
IF ZEICHENSATZ = 2 AND BSTABE 
BEGIN 
ALFAEIETISCH 1= TRUEJ 
END 
IF ZEICHENSATZ = 3 
BEGIN 
IF BSTABE = 7.134 OR BSTABE 
OR BSTABE = 7.100 
OR BSTABE ) 'Xt 72 AND BSTABE 
THEN BEGIN 

ALFABETISCH 1= TRUEJ 
ENDJ 

END 

= ti, .. 

7.136 

"17? 

I 
lneutsch 

J Engl. 

IFrani;ais 

)PL Procedure to Upshift and Test for non-ASCII 
Alphabetic Characters 

036600 A-A. 
036700 IF ARG7 = "ACHTUND" 
036800 TllEN KJVE 4 TO POINTER1. 
036900 IF ARG6 = "ANONYM" 
037000 THEN KJVE 2 TO POINTER1. 
037100 IF (ARG4 = "ANSP" OR "ANST") 
037200 /1NO RESTLEN > 5 
037300 THEN KJVE 2 TO POINTER1. 
037400 GO TO 529-EtlOE. 
037500 
037600 B-B. 
037700 IF ARG4 = "BEAN" OR "BEAB" OR "BEOB" 
037800 OR ARG5 = "BEEIN" OR "BEAUF" 
037900 CR ARGB = "BEINHALT" 
038000 01\ ARG5 = "BEEND" 
038100 HIFN KlH 2 TO POINTER1. 
038200 IF ARG7 = "BETTUCfl" OR "BETTUCfl" 
038300 THEN KlVE TRUE TO 0-FLAG 
038400 !.()VE 4 TO POINTER!. 

COBOL Procedure to recognize Word Compositions for 
a Germar phenation Program 
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Data Hodel 
financial Hodellin~ for the 

by Edward umphrey 
Assyst-Raet Group 

1. General Concepts of financial Modelling 

HPJOOO 

Company planners, line managers, accountants, internal 
consultancy staff are a selection of the people who produce 
financial ~nalyses of various kinds. General ledger systems 
deal with historical data going back over months and sometimes 
years. In contrast financial Modelling systems look at the 
future. 

There is some overlap between these two application areas. 
General ledgers are often used to predict cash fl6w based on 
budgets or forecasts and outstanding balances in debtors and 
creditors accounts. financial Modelling systems may use 
historical data as a starting point for future projections. 
Historical data may also be used to evaluate alternative 
strategies by manipulating past results to produce sensitivity 
analyses of business activity. 

Neverthles~ the activity of modelling is restricted to the 
future. It is not a record keeping activity. The users of 
financial model)ing referred to above will typically develop 
applications for 

: - budgeting 
forecasting 
longrange planning 
sensitivity analysis 

The common thread in these applications is time. These activities 
lake place around a spreadsheet which is simply a piece of 
analysis paper. The spreadsheet normally shows time on the 
horizontal axis and data items on the vertical axis. There are 
exceptions to this but most financial modelling systems will 
deal with such situations. 

The problem with performing modelling tasks on analysis paper 
is that invariably the analysis must be repeated, using different 
assumptions. Wise planners do their analysis in pencil, but the 
paper very soon wears out. 

There is always an element of uncertainly because we are dealing 
with the future. With any mathematical, econometric or financial 
model certain assumptions are made about future events. It is 
variations in these events which cause the repetition of the 
analysis, and waste time for the person performing the analysis. 

This is where computerised financial modelling systems are of 
benefit. Time is the key factor for all hard - pressed executives. 
financial modelling systems save time by automating the mundane 
calculations which make up such models for example:-
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Income - Variable Cost - Fixed Cost - Overhead = Profit. 
over 12 time periods per year for five years is a very 
lengthy recalculation. 

If we change the assumptions about the price structure of 
the product we are dealing with in the above example, then 
every element in the analysis must be changed. 

At a lower price more units will be sold 
Variable costs will change due to longer 
production runs (less set-up time). 
Fixed costs may change because we need 
more equipment. 
Ch"anges to overheads will also be needed. 

~e principal benefits which computerised financial modelling 
bring to this type of analysis are therefore :-

Accuracr 
f'lex ibi fy 
Effectiveness 

Decisions 

- Immediate recalculation of part or 
the whole of an analysis. 

- No recalculation due to minor errors. 
- Easy addition or removal of information. 
- Expensive people can get on with 

productive work. 
- Are made easier because sensitivity 

analysis and rate of return calculations 
require little effort. 

The remainder of this presentation will show how Data Model 
addresses these problems and allows end-users to become more 
effective. 

2. Data Model Overview 

This overview will show how Data Model addresses· the problems 
outlined in the introduction. The spreasdheet described in 
that section is central to the operation of the system, exactly 
as in manual analysis. This means that users can relate to the 
system. 

The spreadsheet is of course stored on disc. Data Model's 
strengths result from the separation of the activities which 
produce the report from the spreadsheet itself. This modular 
approach gives users considerable flexibility and interchange­
ability in modelling. 

The components of the system are as follows:-

Row Definitions 

A Data Dictionary '.in a vPrv restr1ctPd sense of that term) wh1ch 
def1nPs what data items meke up the model, how they will be 
described on reports, and rules for totalling. 

Mo~el Definitions 

Allow the user to input data, interactiv~ly or in batch mode. 
Interfaces to external IMAGE, KSAM and MPE files are also provided. 
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Manipulation of data takes place via modelling instructions 
for basic calculations, financial routines (eg depreciation), 
and data manipulation. 

Report Definitlons 

Vertical and horizontal dimensions of a report are defined 
separately for maximum flexibility. 

The Row Definitions and Model Definitions combine to form the 
spreadsheet file on disc referred to earlier. 

Spreadsheet operations may then link directly into a report, 
or into another model for further data manipulation and 
analysis. 

Data Model's modularity is not restricted to the division of 
the functions within the system into separate tasks for set 
up purposes. 

Model definitions may be linked directly to other model 
definitions, or to report definitions. Similarly, report 
definitions may be linked to other report definitions, or to 
model definitions. This approach gives total flexibility in 
model development. The user benefits by being able to break 
problems down into components, and by re-using similar earlier 
models on current problems. 

Data Hodel allows many different reports to be produced from 
a single spreadsheet. One advantage of paper spreadsheets is 
the ability to .stick them together to produce a large analysis. 
Data Hodel simulates this by providing for multiple reports 
(linked together if necessary). This allows the inherent 
restriction of printer or screen width which is common to many 
computer systems to be overcome. 

All the above functions are achieved by just four standard 
menus. This is a considerable aid to user friendliness, since 
the menus are rapidly assimilated by the average user. 

Ease of operation is carried through to the design of all 
responses. Users find it easy to get started with Data Model 
by using a subset of the modelling functions in the system. 
They can then gradually use more advanced functions and 
techniques to reach the pinnacle or modelling achievement. 

In overall terms Data Hodel has far more power than simple 
spreadsheet processors like v•s•c••C and its many variants, in 
fact as with many minicomputer systems it approaches the large 
mainframe packages in its power and sophistication - assuming 
your users can reach the pinnacle of modelling achievement, as 
outlined previously. 

56-14 



J. Advanced Routines 

In 1970 - 71 I worked as a student trainee in the project 
evaluation department of en automotive equipment manufacturer. 
Our standard method of evaluating projects was Discounted Cash 
flow, incorporating both Net Present Value (easily calculated) 
and Yield methods (not so easy). Hanual yield calculation is 
an iterative process where successive guesstimates of the 
return on investment eventually provide an actual yield value. 
The engineering directorate of the company posessed a desk-top 
computer, complete with magnetic stripe cards For program storage, 
(state-of-the-art technology). The manufacturer of this equip­
ment will remain anonymous to avoid cmbarasment. 

When yield calculations were required, there was a substantial 
saving of time in walking to the engineering directorate 
(5 minutes), feeding magnetic stripe program and data into the 
desk top (5 minutes), walking back to the finance directorate 
(5minutes). I should add here that the time saving was not 
due to innumeracy or the lack of (electro-mechanical) calculators 
to aid the yield calculation. 

The point of this story is that hardware and software have 
progressed considerably in the last 12 years. Yield and Net 
Present value calculations are trivial to contemporary 
financial modelling systems. They are viewed however as 
advanced routines by users who have no more than an electronic 
calculator and a sheet of analysis paper at their disposal. 

My remarks on advanced routines will be therefore be divided into 
two parts. The First is advanced routines which in terms of 
generally available software are an advance for th~ novice user 
of automated modelling. The second is advanced roU:t'in~s which 
will surprise the experienced user. 

Advanced Routines - Part 1 

Amortisation of loans 

Depreciation calculations (single/multiple assets). 

Goal - seeking (Level of production required to 
reach a profit target). 

Discounted cash Flow. 
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Advanced Routines - Part 2 

"JUMP" command 
This is effectively a GOTO statement. (Aplolgies 
to modular programming enthusiasts). 

"JUMP ON CUE" command 
This command gives the ability to PERFORM other 
model definitions, or parts of the current model 
definition. 

"INVERT" command 
Inversion allows the movement of rows and columns 
from single or multiple spreadsheet. The types of 
inversion handled are illustrated in the following 
diagrams. 
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Multiple Row fold (col_~•_!!!!]_~!? column) 

a a a 
1.1 1.2 1.3 

a a a 
2.1 2.2 2;J 

a a a 
3.1 3.2 :s,1 

b b b a b c 
1.1 1,2 1;1 1.1 1,1 1.1 

b2.1 
b b a b2_, c2.1 2.2 2.3 2.1 

b b 
b3.3 a b c 3,1 3.2 3.1 3.1 3,1 

c c c 
1.1 1.2 1;1 

c c c 
2.1 2.2 2.3 

c3.1 c c 
3.2 3,3 
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Single Row Inversion (Row to column) 

a a a 
1.1 1.2 1.3 

a a a 
2.1 2.2 2.3 

a a a 
3.1 ~2 3.1 

b b b b 
1.1 1,2 1;1 1.1 

b2.1 
b b b 

2.2 2.3 1.2 

b b b 
b1.3 3.1 3,2 3.3 

c c c 
1.1 1.2 1;J 

c c c 
2.1 2.2 2.3 

c c c 
3.1 3.2 3.3 
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"CONSOLIOATE" command 

J 
HOLLAND 

for modelling purposes this command allows the generation 
of reports according to the following t~pe of structure 

RAET 

BELGIUM 

ASSYST-RAET 
GROUP 

l 
MIDDLE-EAST 

ASSYST 

UNITED 
KINGDOM 

7 Off ICES J OfflCES 2 Off ICES 
+ 

ASSOCIATED COS. 

PLANET 
SYSTEMS 

L-------' 
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This is achieved by adding spreadsheets (matrices of values) 
together. Obviously there are certain restrictions on the 
contents of the matrices added, or the results will be 
meaningless. Consolidation may be on a full spreasheet or 
row by row basis. 

Other operators allowed in this process are 

Move 

* 
I 

copy data direct from A to B 
Subtract A from B 
Multiply A x B 
Divide A t B 

We can therefore move from simple financial models to complex 
statistical, econometric, and operational research applications 
by means of these advanced routines. 

The structure of the system is such that a user at any level 
needs to know only those commands which are relevant to the job 
in hand 

4. CASE Studies 

Value Analysis - Sugar Refinery 

A standard technique in value engineering is the allocation of 
plant costs to processes within a new facility. The objectives 
of this exercise are to determine where value is used and to 
plan alternative strategies for providing ~cilities. We were 
presented with an analysis of this nature for a new sugar re­
finery to be built overseas. The problem was that whenever the 
cost of an item of plant was changed, or a new item was substituted 
or added, the whole spreadsheet required recalculation. The 
analysis was not as straightforward as most since time was not 
included as a factor. The dimensions of the analysis were as 
follows:-

Process 
Cost 1 2 

Item of plant 

A 
B 
c Percentages contributed 

to each process by each item. 



The objective was to multiply the cost in column 1 by the 
percentages in subsequent columns, with totals at the foot 
of each column, to determine che capital cost of carrying 
out each process in the naw refinery. 

Result - better strat~gic decisions. 
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Budgets - Orin~ manufacturer 

lhis was a head - office application where the central finance 
function required to merge the planned budgets of its many 
subsidiary companies to produce a total company budget. 

With the consolidation facilities available in Data HJdel this 
was a simple exercise in modelling terms, although somewhat 
complex in implementation due to the diverse nature of the 
group companies, The steps takeh to achieve group, division 
and individual company budgets were dB follows:-

1. Define a master spreadsheet, containing a row for every 
item of cost and income across ell companies. 

2. Define company, division, and group stuctures, Enter 
these structures as "command models", to control budget 
processing. 

3. Enter budget data at detailed level by company. 

4. Generate budget statements. 

Steps 3 and 4 of this process were of coursd repeated ,many 
times until the results were acceptable to management. Note 
that steps 1 and 2 involve the creation of a model of the group 
of companies, and that this model may then be used for the 
reporting of actual values in comparison with budgets, evaluating 
the effects of results on overall cash flow, and so on. 

5. Conclusion 

I hope I have shown with the topics covered in this presentation 
how financial modelling fits into the spectrum of financial 
control activities, and how Data Model provides a solution in 
such ~pplications. I hope I have also demonstrated the way in 
which advanced modelling systems go beyond the limitations of 
micro-based systems and provide new capabilities into which 
the user can develop. 

In the case of Data Hodel, the key to these capabilities is its 
modularity. Il allows the same approach to financial and other 
modelling as we apply to programming by enforcinJ a modular 
approach in that activity. 

DATA * HODEL is the registered Lrademark of MMl,Seattle, USA 
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When It comes to information technology, it has never been easy to predict the 
future with great accuracy. New technologies and invention often come from the 
least expected places. Old technologies, such as voice telecommunications, take on 
whole new roles In digital computer applications as VLSI and messaging transmission 
technologies push "old technologies" forward. If one prefers a quiet deserted Island, 
the information processing industry will probably never provide a happy employment 
home. 

Technology changes and advances In the next rew years are likely to have an even 
greater impact on what's expected Crom our computer resources. They will also 
dramatically touch the lives of our user communities - (involvement In the direct 
job activities) of our professional, secretarial, clerical employees and our bosses. 

What I'm referring to is the Impact that the personal computer will have on almost 
every facet or our business. It is often said that the 1960's was the decade of the 
mainframe, the 1970's the decade of the minicomputer, and the 1980's the PC 
decade. Market projections show that minicomputer and mainframe portions will 
comprise only 40% of total computer market revenues by the late 1980's. The 
personal computer will have the largest and fastest growing portion at 60%. These 
projections tend to make most computer practitioners abit uneasy. In many 
companies today, there is no plan for the purchase or integration of P.C.'s into the 
company's information systems. Problems with data Incompatibility, with document 
Interchange incompatibility, and with inconsistent user interfaces that make cost 
effective training impossible - all are problems requiring MIS department concern. 

Yet the advantages of today's PC's are significant enough to ever increase PC 
growth and overshadow the problems. The range of sortware available (from cattle 
feed scheduling, word processing, to home entertainment), prices that challenge 
today's terminal prices, and a much more responsive user Interface all weigh 
heavily In higher PC growth. These are all of significant benefit to the large user 
communities within our companies. 

We couldn't afford to move our companies into the 1980's without addressing the 
productivity of our professional employees. Many companies have already 
calculated that lower costs (in order to remain competitive) will necessitate a 
planned significant improvement in "white collar" professional productivity. In the 
U.S., this employee group comprises 5496 or all workers and generates 7596 of all 
payroll costs. A major U.S. manufacturing company has set goals for productivity 
advancement as part of its financial planning process - a 15% increase in 
professional productivity within 2 years and 5096 within 5 years. The productivity 
tools that they look to deliver these Increases are office automation and personal 
computing. 

Today we find about one PC for every 13 o(fice workers. These machines are 
shared among many users who ell require access to "PC software favorites" like 
Visicalc, Wordstar, and MultiPlan. 

Whet will happen to Increase the PC population Crom 1 PC for every 13 users to 1 
PC for every 2 workers by the late 1980's - and 1 PC for every 6 workers by 
1985? Eventually, we will find a PC orl every desk. 
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Will it be more applications software, greater prestige appeal of having one on your 
desk, or some other reason? I believe that the impetus behind this growth will 
come from a whole new population of PC users and a closer integration with a 
company's Information resources. It will come from the merging of the terminal 
and PC into a single machine - I call them networked workstations - coupled with 
a whole new set of information management, information access, decision support, 
and communications functions. 

A networked workstation will probably come in several packages or "flavors" for a 
range of PC user communities. For example, e sales organization would need a 
lightweight, battery-powered portable machine while a design engineer would require 
a large display machine for CAD applications. All of the members oC the 
workstation family would need to meet certain common needs and provide data 
compatibility. 

All users will require the common core office productivity tools: word processing, 
spreadsheet/decision support, data base, graphics, and minicomputer and other 
network datacommunications. 

There are four major benefits to be gained through tying workstations into our 
"host" computer networks. First, electronic mail (and voice mail In the future) 
addresses the need for more efficient and lower cost communications. It 
dramatically reduces the amount of iost time spent on telephone tag. With the 
introduction of new "electronic mail public networks", each workstation can send 
messages to individuals In other companies at a fraction of the cost of postage end 
it arrives in minutes instead of days. 

The second benefit of networking is information access. Today, a business spends 
about 35% of its DP budget on entering and maintaining data. Yet too little of 
this information is used by management to actually manage the business - conduct 
analysis of problems, ad hoc reporting, and future planning. To make this readily 
available and usable by management, additional work must be done to improve our 
information access tools. They need to be easier to use but also more powerful in 
accessing a wider range of data. The local processing power of the workstation 
will help here. Progress is being made in data base management and user interface 
software to take advantage of each company's "information resource. 11 In addition, 
advances In disc storage technology will make it possible to cost effectively have 
years vs. months of data available on-line. 

Thirdly archival storage also greatly benefits from reductions in data storage costs. 
In our offices, we expend a great deal of labor and floor space to hand file end 
retrieve information. Although, the age of electronic filing Isn't upon us as yet, 
the economics of computer archival storage will change In the next several years 
through advances In disc storage technologies. When one includes the cost of labor 
and floor space to manually file and retrieve a document, the filing cabinet looks 
like it will become "extinct" in the office of the l980's. The workstation will 
require transparent access to shared storage devices to access these electronic 
files. 

Lastly, workstation shared peripherals also include laser printers and color drafting 
plotters. While these devices are largely located only in the computer room 
environment today, advances in hardware design will put lower cost devices in the 
work areas of our offices in the future. In work groups or departments, they can 
be shared by several networked workstations. 
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Because technology trends will continue to make such shared services (data, print, 
mail, etc.) even more attractive In the future, we can expect to see a much closer 
coupling or workstations with host minicomputers, mainframes and networks In the 
future. The sharing of Important information through shared disc storage and 
electronic mail transmission will greatly enhance the effective use of the core 
productivity tools running locally on workstations. 

Access to shared printers and plotters will expand the capability of producing high 
quality output from each workstation without the necessity of purchasing an 
expensive peripheral device for each workstation. 

I hope that this paper has suggested some useful Ideas on the future of the 
personal computer within each of our business organizations. These new 
technologies may be coming at the right time to help address our needs for 
increased productivity of the wide range of professional and support users in our 
organizations. 
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VIEWDATA CllALLENGE TO TRADITIONAL DATA PROCESSING 

by David c. Bennett, U.K. Sales Manager, 
Air Call Computer Systems Limited 

Videotex Systems have been one of the most talked about but 
least understood developments in our industry for a decade. 
Because of their attractiveness and ease of operation, they 
have been the subject of excessive marketing 'hype' and 
overzealousness by starry-eyed Salesmen. More often than 
not, they have convinced companies to install videotex 
systems without any idea where, or even if, any benefits 
exist. This usually leaves data processing departments to 
"carry the can", involving an after-the-event evaluation 
which, our research has discovered, shows up serious 
shortcomings in the earlier systems which almost disqualify 
them as contenders on a serious basis for effective business 
solutions. 

Additionally, like the computer industry, Videotex Systems 
have acquired a terminology all of their own (Teletex, 
Viewdata, Gateway and so on). Unfortunately, this also 
varies from country to country along with standards. For 
example, the PTT (Post, Telephone and Telegraphic) Systems 
installed so far in the U.K. (PRESTEL), West Germany and 
Austria (BILDSCHIRMTEXT), Holland (VIDITEL), France 
(TELETEL), Japan (CAPTAIN), the United States (VIEWTRON and 
COMPUSERVE), Canada (TELIDON) etc. all have their own 
variations and standards are obviously of paramount 
importance with such a plethora of systems and equipment. To 
this end, the more enlightened suppliers have adopted the 
CEPT (Conference of European Posts and Telecommunications) 
Standards. At present, this might appear to be the only 
logical standard to be implemented anyway, owing to the 
difficulty faced on a Worldwide basis by the CCITT 
(Consultative Committee for International Telegraphy and 
Telephony) as other standards attempt to become adopted 
internationally, for example, NAPLPS (North American 
Presentation Level Protocol Syntax) with their own champions 
such as Telidon or Captain. 

But back to the U.K., where most of Air Call's experience 
lies and which probably has (along with the Netherlands) the 
most comprehensively implemented PTT Systems in the World. 
Here, Videotex seems set to take off in a big way. 

Cont./ •.• 
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Viewdata is a screen-based information handling system, which 
at worst is used for text retrieval and display and at best 
can replace conventional transaction processing monitors. It 
employs a separate database of pages and frames (or databases 
in the case of Viewdata/3000) which may or may not be 
interactive with the normal computer database files, 
dependent on the sophistication of the implementation. These 
pages can then be accessed in a variety of ways by Viewdata 
(i.e. Prestel-Standard) terminals which, because of their 
similarity to normal colour television receivers, are far 
more acceptable and less expensive than the usual computer 
terminal. 

Although it is estimated only about 150 private Viewdata 
Systems have been installed to date, the low number being at 
least partially attributable to the reasons I outlined 
previously, there are probably over 20, 000 users of Pres tel 
and a quarter of a million teletext sets, not to mention the 
thousands of bureau users of Viewdata Systems. Up to now, 
confusion seems to have existed over the relative merits of a 
public or bureau-based viewdata system against private 
viewdata systems, but with the advent of large multi-national 
companies showing a real interest in Viewdata Systems, 
private Viewdata Systems seem set to challenge traditional 
processing techniques with the present state-of-the-art 
technology they now employ. 

A good representative of this state-of-the-art technology is 
Viewdata/3000, a mini computer based Private Viewdata System. 
Designed by Nova Computer Software in Holland, it is one of 
the most powerful systems available today, a fact which is 
due to the unique combination of the Hewlett-Packard 3000 
processors (running MPE) on which it runs and the design of 
the software. It has been implemented in Great Britain, 
Germany, Switzerland and Holland and, as such, is being 
constantly updated and revised (in an upwards-compatible 
form) to ensure that it is in the forefront of Viewdata 
Technology, 

Cont./ ••• 
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Air Call Computer Systems decided to adopt it as a basis for 
its future product range of applications systems, because as 
a totally user orientated information system, Viewdata/3000 
is the embodiment of Air Call's commitment to providing 
complete customer service through 'state of the art' 
technology. Visually, the impact of Viewdata is attractive 
which, with its simplistic and foolproof operation, overcomes 
any reluctance there may be to extend data processing into 
all or any parts of your organisation, even employees homes 
if required. 

This is because Viewdata makes use of a normal colour 
television receiver, rather than an expensive and highly 
specialised Computer terminal. At present, the cost of such 
terminals and the necessary complexity of communications 
continues to be a major constraint to the large scale 
dispersal of data processing facilities, but with Viewdata 
and taking advantage of its latest programming technology, 
you can access, at the touch of a button, information in ways 
which hitherto only skilled data processing professionals 
were able to do. In addition, the Viewdata Sets will give 
you the facility to access not only your own company 
information over the private Viewdata system, but also access 
public (PTT) systems such as those mentioned previously. 
Never before have you had the capability to obtain so much 
valuable information in such an easy fashion, presented to 
you in a variety of attractive colours and graphics. 

But obtaining information is only part of the answer to 
providing a really effective business system. The supply and 
processing of raw data is equally as vital ("garbage in means 
garbage out"). This is where VIEWDATA/3000 comes into its 
own, in that the information required can be collected in 
exactly the same simplistic fashion, making the task for you 
enjoyable and attractive (Certainly better than form filling, 
entering columns of figures in a ledger or other tedious 
activities). 

Cont./ ... 

57-7 



In addition, apart from providing set information (an 
"Information Provider" or I.P. activity) this data will 
automatically be processed by the central computer where 
necessary, to provide you with what you need when you need 
it. The whole process is so advanced that it required no 
user intervention. 

This whole area, that is the integration of Viewdata Systems 
with normal data processing systell!s, is perhaps where the 
greatest progress has been made in transforming Viewdata into 
a really effective vehicle for all business information 
activities, and a serious contender for the future basis of 
data processing. Quite simply, Viewdata 3000 (for example) 
is fully interactive in the way DP people understand and 
need, i.e. on a field by field basis rather than (as is the 
tradition) page by page. It is no longer necessary to regard 
it as having to be completely separated from the main 
computer network, which is the reason for my earlier comment, 
that Air Call decided ta adopt is as a basis for its range of 
applications systems. 

Furthermore, coding for the design of screens can be embedded 
in the applications programs which can be written in any 
language, so that screens can be created under the control of 
the applications programs. This would allow, for example, 
bar charts to be created directly as a result of an analysis 
report by the applications system on the main computer. 

The requirement for sophisticated and powerful information 
handling techniques by the computer, led Air Call to select 
the Hewlett-Packard 3000 as the central machine for its 
VIENDATA/3000 Service. The primary criteria for this 
selection included the advanced database management 
techniques (e.g. IMAGE) available on this machine, an 
essential for the constantly changing pool of information 
upon which VIENDATA/3000 relies, and the reliability and ease 
of operation of the system (many VIEWDATA/3000 users wish the 
service to be available 24 hours a day with little or no 
specialist staffing), 

Cont./ ••• 
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One of the major constraints which has become apparent as 
more and more companies begin to use Viewdata on a large 
scale, is the number of users which can be run concurrently 
with an acceptable response time. Because there is no 
software limit on the number of users, the HP3000 was, again, 
a natural choice as (under MPE V) it will be able to run 
over 1000 users concurrently and allow over 3000 sets to be 
connected to the network. We have found this to be a major 
advantage in providing cost-effective Viewdata networks, 
especially as the software itself is very efficient in CPU 
usage and memory resources. 

The Viewdata terminals need only a telephone line and mains 
connection to give you access to all these facilities. 
Consequently, they can be used with equal effect at home, in 
the off ice or out in the field. This can allow you to 
implement a vast number of applications which were not cost 
justifiable or even technologically possible before. 

Our experience with modern Viewdata terminals (most of our 
users prefer the Philips 3607 or Sony KTX9000) is that the 
facilities considered a luxury only a couple of years ago, 
are now a prerequisite. This includes; off-line editing and 
page preparation in order to reduce line costs; local 
storage; automatic dialling and identification as many users 
want the same sets to access different Viewdata Systems 
easily but securely; automatic acquisition of pages; and 
selective transmission of data from pages in order to enhance 
response times. 

Because Viewdata/3000 is one of the few systems to be 
designed in accordance with the CEPT Standards, it naturally 
fully complies with the British PTT requirements. This 
system is probably the most widely used in the World and 
amongst the most sophisticated, being able to offer advanced 
facilities such as access from one private viewdata system or 
set to another computer via GATEWAY. This function is also 
fully available in VIEWDATA/3000 which, along with the most 
comprehensive list of features of any Videotex System, make 
it a natural choice for any organisation with a Dynamic 
Information Environment, the requirement for a constant flow 
of up-to-the-minute information amongst its staff, 

Cont./ ••• 
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The concept of a Dynamic Information Environment is, of 
course, not new to businesses. It has long been the 
objective of many data processing departments to achieve a 
freely operated, up-to-the-minute interchange of their 
Company's information amongst all their users. With the 
latest enhancements to Viewdata/3000, we see no reason why 
this cannot now become a practical reality. A natural 
feature of such a system would include sophisticated 
electronic mail and message switching, as well as 
comprehensive security, closed user groups, user statistics 
and sufficiently advanced editing to allow users the means to 
get their information and designs onto the screen as quickly 
and easily as possible. 

For the reasons outlined so far, the traditional users of 
Viewdata Systems have been large• organisations with a need 
for constant access to fairly static information. However, 
with the advent of these enhancements and particularly that 
of true interactivity with applications systems, the scope is 
widening. Pharmaceutical firms, motor dealers and 
distributors, insurance companies, retailers, travel agents, 
banking and finance institutions are all beginning to 
recognise the benefits of Viewdata within an established data 
processing background, while other industries have started 
investigations into their future DP policy involving Viewdata 
as its basis. Bureau applications of Viewdata also have a 
great appeal, especially for first time users, because while 
the costs are comparable to owning a microcomputer, no 
programming or operational expertise is required. As an 
example of the versatility of this new medium, microcomputers 
too are in many cases able to access Viewdata systems via 
Micronet and we can increasingly see the use of Viewdata as a 
communications protocol. 

VIEWDATA/3000 is a major area of expertise within Air Call 
and as such we are one of the few computer systems companies 
to offer a complete service to viewdata users. These 
services range from bureau applications with perhaps two or 
three terminals to the supply, implementation and on going 
support of complete networks, including the computer, 
telephone links, modems, viewdata terminal controllers, 
viewdata sets, and the viewdata applications systems. 

Cont./ ••• 
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The support would cover all aspects of your system from the 
design and supply of the applications software to training, 
maintenance and updating/modification of your systems as your 
company grows. 

For this reason, Air Call will shortly be releasing a 
complete range of Viewdata-based applications systems aimed 
at meeting the requirements of not only specific market 
places which will benefit from the unique concept of 
Viewdata, but also at general purpose systems to benefit the 
first time user. 

For further information on Viewdata/3000 and Viewdata based 
applications Systems, please contact the author on 0582 
603123 or on Prestel account number 582609925. 

DCB/CS/01.08 .83 
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ELECTRONIC NEWSROOM SYSTEM 

OVERVIEW 

ENS, a highly resilient electronic newsroom system, was created by 
the BBC to support its prestigious early morning programme BREAKFAST 
TIME. Designed by journalists for journalists, the system was 
developed by SYSTEMSOLVE based on HEWLETT PACKARD hardware. Although 
ms was originally targeted for the broadcasting environment it will 
support any organisation that demands scripting and production 
scheduling. 

In the newsroom, ENS sustains a 24 hr production cycle be it for news 
or features and handles every production need from prograll11le planning 
to generating Autocue on transmission. Its design speeds production, 
extends deadlines, facilitates on-air decision making and pennits 
instant script changes. 

It processes a 100 sequence programme, as in BREAKFAST TIME, as easily 
as a 20 sequen~e bulletin and holds 500 pages of script if required. 
Its automation allows everyone working on the system instant access 
to any part of it. 

Based on a modular principle it can stand alone on a single site or 
be extended to link a network of stations that share coll11lon sources 
or a con111on output. Similarly this approach will allow tailormade 
facilities to be easily added, as required. 

Typically it can reduce staffing levels by 10% and an installation 
is projected to pay for itself within five years. 

EXECUTIVE PRODUCER 

EUS allows the Executive Producer finger tip control of the prograr.1ne. 
Without moving from his desk he can access every part of it from his 
VDU keyboard. He can use the electronics to speed his production 
process and extend his decision deadlines. He can be assured that 
the software prevents unauthorised interference with his decisions and 
the inbuilt hard1·1are resilience wi 11 safeguard his progran1ne. 

In planning the progranune he can access electronic Diary, Agency Copy 
and "Shelf" infonnation files. To assist him in its productions, a 
Storyboard lists the items to be included in it together with the 
producers assigned to work on them. Further into the schedule, a 
Sequence facility allows him to juggle all his prograll11le items until 
he achieves the right mix. At the same time additional features allow 
him to assign presenters, approve scrips and, if required, automatically 
produce the formats of standard recurring items. 
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sys temsol"e 

PROGRArK PLANNING 

The Dairy can hold an unlimited number of entries for up to 365 days 
from the current date. Each entry may be easily cross referenced 
and indexed under any four of sixty category headings and be instantly 
accessed from a master menu. Entries may be transferred to a different 
category or date as required. With the ENS diary bulky desk diaries 
and drawers of card index files are a thing of the past. 

The Prospects facility allows the Planning Producer on any given day 
to sub-ed.it all Diary entries to those most likely to be transmitted. 

ENS automatically stores up to 12 international or national News Agency 
wires as well as holding space for copy from programne correspondents 
to be input from the production office. Each story from each Agency 
is filed and listed in reverse time order but slug searches can be 
linked and carried out both forwards and backwards in time. 

The "Shelf" is a store for any script written for transmission but 
not i11111ediately required. A Shelf search can display not only the 
script text but also camera directions, briefing material and any 
important information necessary to get the item on the air. 

The Storyboard is the end of the planning process and replaces the 
production office wall "marker board". On it are displayed all the 
items selected for possible inclusion in the programme together with 
their assigned Producers, identifiers (see below) and estimated 
durations. It can be universally accessed but can only be input and 
amended by the Executive Producer. 

PROGRAM14E PRODUCTION 

The "Skeleton" facility co11111ands the computer to display day to day 
all the formats of standard progral!llle items. The principle advantage 
of this facility is to avoid programne secretaries needlessly typing 
and retyping the same information: ENS can do it quickly and more 
efficiently. 

The Sequence facility displays the "standard'' Skeleton items together 
With the •new" Storyboard items and a 11 ows the Executive Producer to 
juggle with them until he achieves his desired programne structure. 
The facility may be viewed universally but only amended by the 
Executive Producer. 

Script Approve allows the Executive Producer to view and approve scripts 
either en masse or individually. Software checks ensure that no script 
may be printed for transmission or transferred to Autocue without being 
approved. 

Presenter Assign again allows the Executive Producer the ability to 
allot items to particular progran111e presenters either en masse or 
individually. At any time assignments may be altered to meet .new 
programme requirements. 
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The automatic calculation/recalculation facility built in to ENS 
allows the Executive Producer the ability to know instantly his 
running time and highlights segments of his prograrrme that are 
either overrunning or underrunning. 

PRODUCER 

The Producer loses none of his creative independence with ENS. Software 
control ensures that no-one may eavesdrop or overlook his work until 
it is completed. Furthermore the silent keyboards of ENS significantly 
replace the clattering of typewriter keys and contribute to the relaxed 
environment that the system seems to engender. 

Producers too, like the way that ENS allows them fingertip access to 
sources of information thereby saving them from continual journeys 
to teleprinter rooms or libraries. Writers input their own material 
and no longer have to reply on prograrrme secretaries following their 
drafts. 

With ENS, Producers can work as easily on location as back at base. 
All that is required for them to do their job is a terminal linked 
to a standard telephone line. 

The ENS text editor provides a standard range of script writing 
facilities but features special modifications for broadcasters. 
Default margins prevent producers from overtyping in columns where 
Autocue cannot read and unique copying facilities allow script to be 
duplicated where required rather than laboriously retyped. 

View Script allows any member of the production team to scan script 
text once it has been released. 

Scrip Edit permits authorised personnel the ability to edit text as 
required. 

A "Profile" is created for each script. It files essential information 
about it and controls its progress. It provides space for Producers 
to input camera directions, comprehensive briefings for Presenters 
and features a code, the "Identifier", that follows the script 
throughout its production stages. 

It can be viewed and accessed by every member of the production team. 
Profiles replace paper "kits" and person-to-person briefings that may 
be difficult, or even impossible, on a day-long production cycle. 
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DIRECTOR 

ENS allows the Director to be more creative and releases him from a lot 
of the tedious administrative work that goes with his job. Directors 
now enhance the shotlists that producers have input on their profile 
screens and leave the computer to automatically sequence the technical 
detail in accordance with the main sequence order. 

With the VT log facility the Director controls one of the more important 
administrative facilities in the system. 

The Technical Sequence automatically scans the first pages of all script 
profiles and arranges them according to the main sequence order. The 
infonnation input by Producers and updated by the Programme Director will 
then convey to the technicians the actual order of camera, vt and 
graphics sources. Given that the Technical Sequence itself could be 
extensive, a search facility will pinpoint the desired detail. 

The VT LOG facility allows the Director and his assistants to keep 
track of the VT available to the programme and the items appearing 
on any particular tape. 

PRODUCTION NEWSROOM SYSTEM 

ENS liberates the Production Assistant and Secretary. No longer are 
they just the copy typists of the newsroom but, through control of the 
Autocue and Printing facilities, now assume a more integral role in the 
production. With the technological innovations of ENS they find that 
the messier side of script production, is a thing of the past: no script 
retyping for Producers, no carbonised paper, no stencils and no frantic 
last minute script collation. 

The ENS prompt facility, AUTOCUE, automatically locks on to the scripts 
in the computer and transfers them electronically to the camera head 
mounts. It is a major feature of ENS not only providing front line 
resilience for the system but is also able to support it in a stand 
alone mode. It features reverse phase text, variable typefonts and 
remote operation. 

The Printing facility allows secretaries and, for that matter, anyone 
on the production staff the ability to print Technical Sequence, Scripts 
Dairy and Skeleton pages. Paper is an important part in the ENS concept 
since it is assumed that no production in the foreseeable future will 
be able to function properly without it. 

PRESENTERS 

EHS allows Presenters the ability to brief themselves automatically 
on arrival in the production office - very possibly much closer to 
transmission than hitherto. 
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systemsolve 

The system will print for them every script. profile and message 
pertinent to their individual assignments in the programme and 
allow them to change text with a minimum of fuss. They will be 
happy to know that any script mutually agreed with a Producer will 
appear exactly as written on the studio prompt device - and never 
need to check Autocue before transmission. 

lhe Briefing facility is the automatic printing of scripts and profiles 
and is activated by the Presenters own passwords. It may be essential 
if Producers or Researchers have been re-assigned to other stories 
and are just not available in the newsroom. 

MAIL/MESSAGE 

EllS gives every member of the team his or her own comprehensive office 
facility. In it they can receive and send mail. file memos, create 
private administration areas and change their passwords at will. 

Additional features give them the ability to designate to colleagues 
the power to open and reply to mail on their behalf when either sick 
or on vacation. 
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MAKING SENSE OF OH'ICE A\JTOJ\IATION 

l'REVOll WING 

OFFICE l'RODUCTIVITY UIVISION 

llr OFFICE-ASSIST 
For Internal Use Only 

I'd like to spend the next 40 minutes talking about what Hewlett- Packard has learned about of­
fice systems over the past 3 years 

I'd like to start off by talking about the seven key Ingredients we reel are Important when con­
sidering Implementation of an office syslem, or an office automation network. 

Office Personnel 

These are the people who are going to use the system and II Is obviously Important lo think 
about the needs of those people because without their commitment and motivation. the Installa­
tion Is not going to be successlul. 

Workstations 

These are the tools that those people will use to Interlace with the system services. 

Office Services 

These are the services behind those workstations. such as Word Processing, Electronic Mall, 
Business Graphics. Data Analysis. etc. 

Work Objects 

The work objects are the Items that those lacllllles operate on. So, In the case ol Word 
Processing, the work object would be a document; In the case ol Business Graphics Application, 
the work object would be a graph; and In the case of Data Analysis, the work object would be 
data extracted lrom a database. 

Networking 

Networking Is an Ingredient which Is becoming more and more Important. II you start with a small 
olli9e system, networking probably Is not going lo be high on your list ol priorities. but as the 
system grows into a larger lmplemenetallon, covering multiple departments and buildings, the 
networking Is going lo be a major consideration. 

Implementation Assistance and User Training These are the services which we add to the 
products to help you understand where you need these facilities, how lo Implement them suc­
cesfully, how to Ir aln the users, and finally, on going support for the system. 

Whal we will do lor the next 30 minutes or so, Is lake a look at each one ol these areas In a bit 
more detail. Hopefully, I will raise a few Issues that you probably should think about ii you are 
thinking about implementing an office system. 
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Office Personnel 

We think you can generally classify personnel into three dillerent types of people 

Management People 
Secretarial People 
Professional People 

Allhough a gross generalization. as far as office facilities are concerned. these seem to be the 
terms lhat fit. They are the people who are going lo use these services. 

Workstations 

The access point can be generalized into two areas: 

Office based -

And 

Portable -

those which you would use Inside your company from your own 
desks. the fixed type workstations. 

portable workstations for people that spend time travelllng. People that 
need access from home or people who want lo use a personal computer 
as a portable access point for office systems. 

We see each of these as being as important as lhe other. Really, II is a case of where you star I 
from. or whal type of person you want lo give an ofllce service lo. In some areas. the type of 
things you would need from a management workstation would probably. be dillerenl from a 
secretarial workstation. In some areas they would probably be the same. 

Travelllng Access 

This Is really a lightweight portable access that you can carry around wllh you This also con­
sists of personal computers for those who need Individual computing applications on lop of their 
ollice services. 

Office Services 

We do no! really feel that there ts one particular office workstation that we would like to 
promote as an olllce station: we think there is a variety of them. Each of these should be able 
to access what we call the Core Functions. The Core Functions in our terms are: 

Electronic Mall. This Is to communicate llems. whether it be a document or a business 
graph. 

Personal Fifing. Personal tiling Is to organize those items you are dealing with. whether ii be 
a document. graph, piece of data. or whatever. 

Time Management. This Is the diary/calendar facilllles. Masi people In your organization 
are going to need a type of Time Managemenl. Everyone has a diary - this Is an automated 
version. 
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Simple word processing Is distinctly dlllerent from lull-!uncllon word processing. Full­
funcllon word processing Is the iype ol word processing that a secretary needs II she Is 
going to spend much ol the working day typing. The simple word processing In lhe Core 
Functions Is the type of word processing that one can learn very quickly and would cater 
!or probably 80% ol most Manager /Professionals needs. 

These Core Functions need lo be accessible from each ol these dlflerent types of 
workstations. 

Further support tools are provided which are specific to the type of worker. 

full-Function Word Processing. Full-function word processing Is really for secretaries 
spending much of their time typing. 

Business Graphics. Business grahlcs Is for people !hat need to work with graphs on a day­
lo-day basis, using access data and plolllng graphs etc. - decision support tools. 

Community fifing. Those facilities we think would be managed by departmental responsible 
persons - secretarial-clerks. They would be responsible lor managing a group ol !lies 
rather like the lradltlonal lltlng cabinet that you keep In your office. 

Data Access. This service allows you lo easily access and manipulate data stored In data 
bases In your systems. We think that Is quite Important. as a lot ol decision making Is 
based on data that Is In your organization right now. A lot ol ii Is computer based. 

Integrated Printing. There Is not much point In being able lo deal with graphs. word and data 
unless you can Integrate them and print them. We think an Integrated facility Is also neces­
sary to be able to merge these Items together and put them onto one piece of paper. 

Two areas here that have not really become a part of office systems, although probably will In 
the next lour or live years, are Voice Capture and Image Capture. 

Voice Capture Is actually capturing the spoken word and dealing with It as an object. 

Image Capture Is the picking up of things, like a newspaper article, that you do not want to 
re-key, but have a use for that piece of Information. 

Work Objects 

Those office services, as said earlier, access work object. If you boll down the work objects 
from those facllllies, you find that they are words. data and graphics. Each one ol those ts as 
Important, we think, as each other one (and In the future voice and Images). So, the office sys­
tem you choose needs to be able to deal with these object types and have the facility to grow 
into dealing with future olllce objects (voice and Images). Right now. most workstations are 
connected by a piece of wire which Is an RS232 style connection. I think what we are going to 
see there, as time goes on, Is a connection ol works ta lions via PABX's, and that sort of thing, so 
you can use your telephone point to connect your workstation to your office system. So, 
workstation system Is something that everyone wlll need. 
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Networking 

System-lo-system Single Vendor. Is really lelllng the faclllly grow Into a larger organization. 
Hewlett-Packard Is a good example; we now have 3000users ol our office products world­
wide, and II we could not distribute those over more than one system. we would find that we 
could not usefully do the Job. So, enlarglng the community really needs system-to-system net­
working. As time goes on, we wlll need to address multi-vendor networking so that we can, In 
fact, connect our systems lo other peoples systems. 

So, those are really our views on those seven points. 

I would llke lo bring out those points a bit further and raise some Issues that you should con­
sider In each of those areas. 

Office Personnel 

Office personnel are really everywhere In your business, and If you think about yourselves as 
users - the people you work with - they are all really office personnel. No matter where you 
are In a company, you will find that there are office workers; secretaries, prlnclples, profes­
slonals and managers. We do not think that office systems are confined to any parllcular area 
of a company. Wherever you may find someone working In an ollice, we think that they have a 
need for an office system. So, we see office systems spread around companies quite liberally. 

The major cost, In business, In terms or labour costs Is In professional and managerial people. In 
the past four or five years. most office systems have really been slanted towards the 
secretaries and typists. We think that If you are going lo gel some real productivity benefits. In 
terms of saving those people's time, you also want to effect these people as well as the other 
types of people. We feel that our olllce systems, and really any office systems, should be able 
to address the needs of not only secretaries In the organization. but also professlonals, 
managers and clerks. 01 course. If you lhlnk about II, that means that we need different sorts of 
services. 

Some of the Issues we reel you need to consider If you are Implementing an office system In 
your company today, as far as office personnel Is concerned, are really: 

Who do you start with? 
Do you start with the secretaries. do you give them full-function word processors first, or 
would II make more sense to put an electronic mall system In lo implement, lo Improve the 
productivity or your professionals, managers? 
Where do you really start? 

So, those are Issues that you really need lo consider. It wlll be dlllerent lor many companies; 
there Is not any set answer those questions, but they are Issues that need to be considered. 

Should you do a pllot first? Should you Implement a small system for a llmlled number or people 
and evaluate the benefits of that pilot before you go Into a lull production system? Many of our 
customers do and some do not; II Is a personal Issue. 

How do you train the personnel? What sort of methods does the vendor oller you In terms ol 
training the people who want lo use lhese systems? Is II a long lease-cycle? Is II easy? Whal 
Is really Involved In training the people. Also. what Internal support Is required? Whal do you do 
as customer. In terms of supporting these systems that you are lnstalllng? There are many 
more Issues, but these are just four I have brought up that are pretty Important. 
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I have listed the facilities I think that each of the workstations above should provide. Below are 
some Key Core Facilities. 

Electronic Mail is a key core faclllty because II moves Items between people, time management. 
personal flllng and simple word proceslng we think all of those types of people would have a use 
for. In addilion, depending on the types of people, we would see some things there that are 
unique to a type of job (e.g. In the management area, ad-hoc data reporting, - the ability to get 
at data to help with the ability of decision making to Improve the process of decision making, - Is 
not relevent to a secretary, but Is very relevant to a manager. 

Full-function word processing would be for a secretary because she will probably be spending a 
lot of llme typing and will need the faclllty to carry out those tasks. A manager would not, of 
course, need a full-function word processor. So that Is one area where the "bolt ons", that Is, 
on top of the basic olllce services are unique to the people within the organization. 

In the professional area, the real difference Is job-related computing. Professionals In most 
walks of a company wlll find that they have some sort of use for a Job-related computing task. 
We think the extra Ingredient for professionals, over and above the basics, woUld be job-related 
computing and business graphics. It Is Important that the core functions are accessed from all 
those workstations because you wlll not want to worry whether lhe person's workstation can 
access electronic mall or time management. Any workstation you choose should be able to ac­
cess those facllllles. Of course, II you need a special workstation lor lull function word 
processing, using the facllllles In an advanced terminal to Improve that faclllty, we still think It 
should be able to do the basics. It should be a super/sub-set slralegy; sub-sel for all the core 
functions and super-set where you need the objects for a specific function. 

In the portable area, we are thinking about what you would need there, travelling terminals tor 
home or mobile access. II you are out ol lhe office a lot - you spend a lol of the time In the field 
(a salesman would be a good example of that) - then you need some sort ol portable access. 
Again, we think ii should be able to handle Iha core functions. These sort ol terminals are not 
usually very sophisticated as II would be dlfllcult to find a terminal that Is portable and also a lull 
function word terminal. So, lhe core functions are the things that need to be accessed from a 
portable terminal. 

Personal Computers - The real dillerence Is that they handle Individual computing needs, CPM 
based systems, Unix based systems. wherever you have a need lor local computing which Is not 
handled on your ollice services machine. Of course, on top of that. we still leel that you should 
be able to access the core functions, you still want lo exchange Items with other people, you 
sllll want to use II as a mall terminal. you still want lo have your diary running there. So. the set 
of core functions still crop up even on a personal computer. II would not be very useful lo have 
a personai computer lhat could not access those core functions. 

So, lhe Issues on workstations that you should consider are: 

Who needs a workstation, first of all? 
The view rlghl now In Industry, Is that everyone should have a workstation on their desk. 
This may be true In limes lo come. but right now, you need to examine very closely who ac­
tually needs a workstation In their job. It Is going to be a gradual. growing process. 

Which type ol workstation for which type of person? 
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Once you have decided that you are going lo give a person a workslallon how would you 
decide which one Is best for them? Should you share a terminal amongst a group of people, 
or do they need to be accessed to II so often that II should be dedicated lo only one per 
terminal? This wttt differ depending on what sort of company you are and your commlllmenl 
to offices systems In terms of cost. 

Who needs portable access? 
Does anyone In your organization need to have home access? Do you have salesmen who 
could really benefit from a portable access and could make good use of It? 

Office Services 

Just to reinforce the points made throughout, we think there ts a core group of services which 
spans most job types and have given six examples of dtfferent types of business In a company. 

Engineering 
Marke ling 
Business Alloys 
Analysts 
Manufacturing 
R&D 
Data Processing 

We think these core functions span au of those areas. AH the people In those businesses or 
areas of your business can gain beneftls by using these core functions. On lop of this, we see 
some job related functions which should bolt on to that. For Instance, you probably would find 
that the people In the business analysis area would find business graphics very useful. We think 
that II would be easy to bolt these on lop of those functions. II you look at bringing lhe office 
services more down to earth, what we are really talking about Is a set of desk management 
taclHtles - a term we have coined at Hewlett-Packard to describe these core functions: 

Electronic Mall 
Basic Word Processing 
Time/Calendar Management 
Personal Flllng 

We think that these are the real core of an olllce system. on top ol lhal, we have the job re­
lated bolt on taclHtles, which, of course, not everyone will need but can choose II necessary: 

Word Processing - Traditional area lor lull function secretarial style access. 

Management Reporting - To help decision making. 

Business Graphics - To put that data In a more meanlnglul lormal. 

Laser Printing - Lasers are really the only technology we have to offer In Industry today 
that can truly Integrate all ol those work objects together and print them. 

Personal Computing - People that choose personal computers reany want to have access 
to this core, even 1111 ls only once a week, they still need lo do so. 

Personal Lisi Management - Ability to manage a set of records personally, e.g. business 
card Index, telephone numbers. 
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These are the Ingredients we think you should consider when looking al Olllce Services. 

Workstations 

The Issues given on Olllce Services are similar lo Olllce Workstations - who needs what? 
Does everybody need everything? Whal should you give people In terms of Olllce Services or 
facilities? How do they Integrate - how easy Is II lo lake a graph you have created with busi­
ness graphcs lo Ille II. mall II lo someone else and then reproduce II at the other end? 
Therefore, Is II smooth to Integrate or Is II Jerky, which would mean that people would not use 
ii? Therefore. lnlegratlon ol the facilities from the users point of view !s of prime Importance. 
Can the work Items be passed between services; If you choose a work station that Is going to 
support business graphics can II support the core services that go alongside II? 

Work Objects 

The Issues on Work Objects are: 

Firstly, of paramount Importance, can !he system handle all three - words, data and graphics? 
Can they be Integrated or put together and be sent to somebody else so !hey can then print II? 
A good example here Is a reporl. as It Is Important In a report to be able lo add grphlcs and have 
II printed as one. Can all three be mailed; can the mail system, which moves Items between 
people move all three !ypes oi Items or Is II a messaging style system? Our belle! Is that It 
should be able lo move all three plus the extra two that Industry Is going lo add In the future. 

Can all three be llled? Can you manage al! three objects; can you organize them In your llllng 
cabinet and can you access them by subject name regardless ol whether they are words, data 
or graphics? Can all three be merged and put together as one on an output as already slated? 

These are the questions that would give a good feel tor a good quality ofllce system. 

Networking 

Everybody does have a need lor networking. If you look at a slmple Princlple/Secretarlal 
relatlonshlp In a tradltlonai office. II was really a case ol the tntray and outray. II was possible 
lo put things In your outray and have them delivered to your secretary or one ol your peers, and 
things delivered In your !ntray were delivered from other people. We do not think olllce systems 
are any dlllerent. In a work group on the same system. you should be able to communicate 
Items between each other on or between dlllerent systems In the same facility. The key words 
here are user transparent. !I does not matter whether you are sending to three or twenty 
people within the corporation, ii should be as user transparent as the three people In one small 
work group. Also, one musi be able lo communicate with other systems, other hosts (I.e. IBM), 
because we find that a lot ol people we sell lo need lo communicate with an IBM compatible 
host, which we think Is quite Important. 

Issues on Networking: One ol paramount Importance Is: Is the networking transparent to the 
user? If I should send an Item to someone else In my company, Is II handled for me, am I shielded 
lrom the system that does It tor me? This Is a key Issue. Am I also shielded lrom the system 111 
send It to another system; Is the networking transparent regardless of the network size? 

Links that are supported between systems and what Is supported are quite Important. Is there 
direct connect between two systems. dlalup between lwo systems and can It autodial so It 
takes you away lrom having lo think about dialing? Can you use the PSSX.25 (packet switch) 
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network? Is It possible to use private wire, and Is there a telex option to use between systems? 
Host access - Is II possible to get to the Standard IBM formals 3270, to be able to emulate a 
terminal running on an IBM? This Is quite Important to managers If they have a corporate data 
base, as they want to be able to use their same terminal lhal you are selling them as an olllce 
systems workstation to access their central main frame, which Is actually 3270 emulation (also 
2780 and 3780 If you want to communicate with systems In that way). 

Implementation Assistance 

What do you get from Implementation Assistance? We think that there are two Important things, 
the first one being the feaslblllty study, which Is a service carried out by your selected vendor, 
or many vendors, before you install your system or even commit lo your system. The sort of 
things you need lo address here are; where can olllce systems be used In your company? It 
may not be apparent where you can actually make use ol them In some areas. Whal are the 
benefits? Can you quallly the benefits of Installing those systems? Can you Justify the invest­
ment? II you cannot Justify the Investment, you are probably better oll not doing II. Exactly 
who needs what - who do you want lo give what sort of service to, and where? These are the 
things we feel a feaslbillty study should address. 

Moving onto the ltnplementatlon plan - Once you have decided which vendor you are going to 
use - how do you Implement It? Do you do a pilot llrst? What sort of hardware Is needed? 
What sort ol software Is needed? What sort of user training are you going to commit lo? How 
are you goln9 lo train those users? Are you 9olng to make a phased lmplementallon, or are you 
going to Install from day one with the community you have decided? How would you qualify and 
measure the benefits alter you have Installed It? Those are the things we feel you should get 
from an lmplemenlallon plan. 

Training and Support 

Two key Issues alter you have chosen the system are training and support. How do you train 
the people? Is It a classroom course whereby you would have to send your people away to a 
classroom? Does It have computer based lacllltles, can those people learn the product from their 
own terminal on their desk? Self-paced - are you going lo give them a book, or Is the vendor 
going to give them a book lo work through rather Ilka a classroom exercise book? Are you 
going to send your people to a training center or can the training center ellecllvely be broulfhl 
to you for on-site training? Is II possible lo tr.aln an Instructor from your own company to carry 
out lhe training? 

Support 

This Is making the thing work alter II has been Installed. This comes down to hardware. making 
the thing run - how reliable will It be lo run. how easy and quickly lo llx should something go 
wrong, updates of software, upgrades to the products as time goes on, upgrades to the manuals 
and do you have somewhere you can get Information? 

Question: Can you enlarge on the term "Electronic Mall"? 

Answer: Our meaning ol Electronic Mall ls two told; llrst, II ls an effective aid lo management by 
getting data to them quicker In a more useful manner; second, to use electronic mall as an olllce 
service to move Items between people. By this we mean any Item, If II Is a secretarial word 
processing document or business graph, the mall system should be able to move that to 
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someone else. Mail Is really a transport service bu! II can also Improve management 
effectiveness by allowing a group to communicate more freely and more ellectively between 
themselves. 

Queslion: How do you define the dillerence between secretarial word processor and a 
management word processor? How do you decide which one makes best sense? 

Answer: Our view Is that anyone should be able to use a basic word processor with probably 
15 minutes of Instruction. The point being that II you are using a sophisticated word processor 
once a week, you are probably going lo forget what you have been taught, With a simple word 
processor that you could pick up In 15 minutes. ii would be very usable If you go back lo ii In a 
week's lime. We feel that this Is probably enough for people who are not going to spend a lot of 
time typing, or even a secretary who does not spend a lot of lime typing. However, when you 
get Into the realms of doing a lot of typing (I.e. large documents), you really need more faclllttes 
and therefore more sophistication and more training. So what we would say ts that none of 
these have a specific target user as It depends on the Job llsell. If they do not spend a lot of 
lime typing, then a simple baste word processor Is probably what they would be using. If a lot of 
typing Is Involved, then we would advise a more sophisticated full-function word processor. 

Question: Whal exactly Is a manager going lo use a word processor for, Is ge going to add final 
points lo a memo, type reports, or what? 

Answer: I would say that depending on the manager, probably any one of those. Al the basic 
end, he would probably lormat a mall message II he wants It to look nice. At the other end, he 
could quite easily produce a report with a basic word processor, although It would not be that 
useful ii you wanted lo spend a lot of time chopping It around. The main Issue Is to make It as 
simple as possible lo use, and then lhe user can use ii as he sees Ill. 

Question: II you have a good set of support software services tor your systems, why do you 
need training? 

Answer: The core tuncllon area does not need very much training and can be computer based, 
certainly with our products and within an hour of using the computer based learning you can mall 
a message, edit II lie. When II comes lo tull-lunctlon word processing or business graphics, 
there Is quite a lol more lo be learned to make lull use ol these products. that Is hwere we 
would recommend user training. 
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1. Abstract. 

This paper will look at a particular challenge facing the designers of 
automated office systems INTEGRATION. Office systems need to be 
integrated both amongst themselves, and with other applications. The paper 
will examine what it means to be integrated, why we need to do it, and what 
the user is going to think about it. It suggests an architectural approach 
which seems to fit the requirements. 
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2. Introduction. 

The dictionary defines "TO INTEGRATE" in several ways which may or may not 
be relevant to our discussion. It means "to combine into a whole"; "to 
complete by the addition of parts"; or "to bring into equal membership". 

There's something of all these definitions in what we intuitively understand 
by "integration" of office systems. The concept is rather richer when 
applied to office systems than in the more abstract world of conventional 
data processing applications, as we shall shortly see. The same ideas are 
present, though, and we may be able to reuse some of the techniques we used 
in the past. 

If I say that I have integrated order entry with sales analysis, most people 
who understood what I meant at all would not assume that I had written a 
program that did both of these. They would naturally, and in most cases 
correctly, assume that I had managed to arrange the data so that both 
applications could use a comnaon data bank, and that my order entry 
application had possibly been augmented to assist the sales analysis 
function. 

But if I say that I have integrated time management functions into my 
electronic mail system, most people would assume that both functions were 
available from a "single" application program. What am I .assumed to mean 
when I say that I have also integrated word processing into electronic mail 
7 PresU111ably, I will not only have enabled you to create documents with 1111 
word processor, but that the electronic mail system is also able to 
distribute them to other users. 

So right at the outset, it's clear that we mean different things by the same 
tenn, and we allow the integrator (me) some latitude of interpretation. 
This may be playing into my hands I 

So let's qualify the tenn a little, and then look at what people need and 
expect of an integrated system. That way, we may be able to recognise what 
we have done before, what we are doing now, and how we can fulfil our 
customer's expectations in the future. 

Looking at the development of application systems and especially office 
applicationa, I think we can detect It typea of activity which you can 
legitimately call "integration". I shall call them: 

1. Availability and convenience. 

2. Data communication and exchange. 

3, Data integration. 

It. Functional integration. 
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2.1. Availability and Convenience Integration. 

It's sometimes irritating to use a product that takes a long time to start 
up, but will not let you have access to any other system facilities without 
shutting it down. You will find, therefore, that a lot of products will let 
you issue some MPE commands while you are running them. Sometimes, the 
products would be very hard to use if they didn't offer this facility. For 
example, if you need the name of an MPE file to edit, it's tedious if your 
word processor won't show you a list of files. 

So you could say that such products are "integrated" with MPE in the sense 
that you have access to the facilities of MPE while using them. The 
integration is for your con•1enience. Neither MPE nor the word processor is 
particularly dependent on each other - not for the purpose of supporting 
THIS level of integration, in any case. 

Convenience integration is quite easy to do, and is therefore very cost 
effective for the developer. MPE will let you run almost any program from 
any other, so it's possible to do a good job with this sort of integration 
on the 3000. Most HP applications will do this much for you. 

We even have a product built around this ability in HPMenu. This is a 
program which runs other programs for you, and enables you to configure your 
own application environment. HPMenu therefore integrates every application 
program it's possible to run on the 3000 - or it could do, if you asked it. 

2.2. Data Communication and Exchange. 

Convenience integration is sometimes not enough. It doesn't, by itself, 
tackle the expectation that a word processor integrated with an electronic 
mail system ought to be able to distribute documents very easily. 

The integration of sundry applications with HPDeskManager is an example of 
data communication and exchange between separate applications. The two 
applications communicate data between themselves, and, to some extent, KNOW 
they are doing so. 

So, as you'd expect, this level of integration cannot be achieved without 
changing the applications. They need some protocol for communicating. In 
HPDesk, this protocol isn't symmetric. So, whereas HPDesk can cause a 
document to be created, and then mail it, llPSlate cannot today cause a 
document it has created itself to be mailed. And it's not very likely that 
it ever will. 

Trying to integrate all office applications at a "peer to peer" level is an 
interesting challenge, but doesn't produce an "integrated" system for the 
end user. From the user's point of view, there shouldn't appear to BE two 
products, just a lot of data and a lot of functions. It's not a very cost 
effective approach for the developer to extend the user interface of every 
"product" to incorpo1·ate all the reasonable functions of every other. He's 
only going to end up with a lot of niggling inconsistencies, and users who 
aren't as grateful as he'd like I 
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But HPDesk can do a good job of integrating a large chunk of today's office 
functionality using simple data exchange protocols - rather a lot of them, 
but none overwhelmingly difficult. This is because HPDesk is designed to 
take advantage of anything other applications can produce for it. It's a 
parasitic program, in a way. As we shall shortly see, though, it has 
something else going for it - it's an integrator of data. 

2.3. Data Integration. 

When two or more applications use the same stored data structures, they are 
integrated at the data level. Note that this isn't quite the same as saying 
that two products can communicate data between them, for in this latter 
case, a communication protocol is required. 

Conventional data processing applications furnish richer examples of data 
integration than does our automated office today. Anywhere an organisation 
sets up a full blown Data Base Management System, it is presumably doing so 
to achieve data integration of a family of appli~dtions. 

In the office today, we can integrate text and graphical information in 
documents. That means that several applications - the word processor, our 
graphics editors, and our printer software - create and share a common data 
fonnat. They are integrated at the data level. 

We might have achieved this effect in a variety of ways. It's interesting 
to look at how we actually do it. We didn't alter the graphics products at 
all. We changed the word processor to understand what the pictorial data 
structure looks like and to plant a reference to it in the text of the 
document. And we needed a laser printer procedure which would understand 
how to print the text and the picture on the same page. Only the laser 
printer software is really feeling the effect of this data integration. 

We might have decided to amend the word processor to enable pictures to be 
designed and drawn with the text, using graphics software. We might have 
decided to extend the graphics editor to use the word processor to handle 
the text bits, using graphical operations to position them on the page. 

We have opted for now for a simple approach which enables the text editors 
to plant references to graphical data in their own data, and wait for the 
hard copy before realising the data integration. We have, in other words, 
not opted yet for functional integration of our text and graphic editors. 

2.4. Functional Integration. 

When two applications become functionally integrated, they start to 
interfere with each other, and lose their separate identities as 
applications. As we noted above, it would perhaps be possible functionally 
to integrate text and graphics editing, but today this isn't very easy or 
practical. Text editors are big and complex pieces of software, so are 
graphics editors. They, and the user, have quite enough to contend with as 
it is. 
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Nevertheless, users will increasingly come to expect functional integration. 
When they achieve that expectation, in my view, they will no longer perceive 
different applications - not if the integrator has done his job properly. 

Functional integration gives the appearance of a single, very powerful 
application covering a wide range of functionality. To differentiate a 
functionally integrated system from one which is simply monolithic ought to 
be quite hard to do from the outside. 

From the inside, however, it's much easier. A functionally integrated 
system has performed a trick it can do again. It's extensible. 

From the developer's point of view, functionally integrated systems are hard 
to do after the event. It's either very difficult, or very costly, to 
integrate functionally two applications which were not intended to be 
integrated. It is an architectural problem. Applications which are meant 
to be functionally integrated must be designed that way from the start. 

2.5. Integration of User Tasks. 

We hav•e now looked at the various types of "integration" we can achieve, and 
it should be clear that we have really been talking about "levels" of 
integration. Each of the four types presupposed some ability to do the 
previous level. 

It also seems clear that "functional integration", though it requires the 
others, isn't just a simple extension. It may require a more fundamental 
rethink of those applications which can benefit from this level of 
integration. 

It's neither necessary, nor desirable, to integrate all applications at the 
functional level. Often it doesn't make sense to do that. I have no 
pressing need for the ability to perform calculations while browsing my 
filing system. I don't need my filing application to offer me a calculator. 
But on the other hand, I may need to perform a calculation for an 
(apparently) unrelated reason, WHILE I'm browsing my filing system. 

l'hat realisation, on its own, highlights the shortcomings of an integration 
strategy that proceeds on an ad hoc basis to bind some applications together 
more tightly than others. Our natural targets for functional integration -
the most complete form - will be applications perceived by their designers 
to be "related" to a single user task. But task analysis is full of 
pitfalls. 

A task is something that's specifiable in a time continuum. I do this, then 
this, then this, then I've done it. Programmers understand this sort of 
thing. Even though the order is sometimes arbitrary, serialising a set of 
activities is a programming skill. But office work is, for a lot of people, 
not a simple sequence, but a lot of parallel threads with switching between 
the threads and interrupts which start new threads and terminate old ones, 
There is also an information monitoring fwlction going on as well. 
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Up to now, we haven't had to worry too much about this in office automation 
because the computer was useful for only a small part of an office worker's 
job - unless that Job is high'y structured, when by definition the threads 
are serial and understood. 

But the user's expectation is changing. The office system of tQlllorrow isn't 
going to be Just another piece of equipment on your desk - like a telephone, 
or a typewriter. It's actually going to supercede most if not all the other 
machinery. It's going to handle the telephone, the filing, most 
communications, provide access to data bases private and public, as well as 
serve the functions of a scribbling pad, a drawing board, a typewriter, a 
diary, a meeting room etc. 

These are ambitious goals, but it's clear that integration, functional 
integration, of these capabilities is the reason why the customer will buy 
them. I can pick up my phone any time, so I'll not buy a system which stops 
me doing that in future. Today, I can use my calculator any time. I'm not 
going to get rid of it if I'm only allowed by the system which replaces it 
to do calculations at certain times, or in certain contexts. 

The inescapable conclusion of all this ia that the more comprehensive we 
make our office automation product functionality, the greater is the need 
for total integration of function. In fact, we cannot afford to think in 
terms of products at all, we need to devise a framework which offers 
functional integration as a GIVEN, but which can absorb new functionality at 
any time. We may be some way from offering you a telephone in your 
terminal, or a video conference screen, but already we have trouble making 
the arbitrary decisions about what will work with what. These problems will 
get worse when we try to implement the telephone. 
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). Current Architectures. 

There are a number of architectures for integrating office systems and, 
indeed, other applications. Now we know about integration, we can look at 
them and see how far they go toward our goal of total functional 
integration. 

Before attempting such a critique, we have to bear in mind that many of 
these architectures were developed to encompass the functionality of 
applications systems that had all·eady been written. Let's classify them 
immediately into POST integration and PRE integration architectures. 

).1. POST Integration. 

It's much harder to do a good job of integrating existing applications, as 
we have already seen. HP's office systems exhibit two architectures of this 
type. 

HPHenu provides a comprehensive ability to integrate any program running on 
the llP)OOO into a common framework. It doesn't simply execute programs from 
a menu, it also provides a range of facilities to control the running of 
these programs, and to allow limited communication between them where this 
makes sense. 

llPMenu can integrate programs which do not know they are being integrated. 
For the most useful effects, however, programs need to understand that they 
can communicate with each other, and in this way it's possible to go a long 
way along the functional integration road. 

llPDesk consists of a number of little products all integrated together at 
the data level. HPDesk can also communicate information with HPSlate and 
HPWord, a trend that you can expect to see us continue for other products. 
HPDesk integration is much tighter than, but not as powerful as HPMenu 
integration. When the two are combined - HPMenu can execute HPDesk - a 
number of integration goals can be achieved in a very cost effective way. 

Other manufacturers have taken this approach, and most POST integration 
architectures offer much the same facilities. There is a lot more mileage 
in this approach before it reaches its limits. It ceases to be cost 
effective only when major changes to the products are required to support 
it. This introduces a maintenance and configuration load on customer and 
supplier. 

HPDesk integration succeeds, among other reasons, because the information 
generated by different products is stored and organised in a common way. 
HPHenu can only achieve this on its own with the help or hindrance of the 
MPE file system. This is ultimately limiting for users who are not 
conversant with the file system and its use by various products. 
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J.2. PRE Integration. 

There aren't so many obvious examples of integrated systems which were 
conceived and implemented that way. It's not hard to see why, either. If 
you are going to compete with what HPMenu can do, you are going to have to 
rewrite every program that HPMenu can run - an impossible task. 

l'he XEROX Star system, and the APPLE LISA (which looks similar) are the most 
widely known examples of systems which offer a wide range of integrated 
functionality. There are a number of very impressive systems emerging on 
personal computers - for example, the MBA CONTEXT system. 

On the face of it, these systems look like big and complex programs which 
happen to do a lot of things other11 have done with separate programs. 
Sometimes, that'll just what they are, and whether they should then be judged 
to be "integrated" would depend on the extent to which new functions can be 
incorporated. 

What does seem clear, however, is that systems which try to exhibit the 
greatest level of functional integration seem to have a common user model. 
This may be a coincidence, but I don't think so. It may be worth looking at 
this problem from the outside, for a change, and thinking about what we'd 
expect an integrated office system to be like to USE. 
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4. 'rhe User Model. 

Integrated office systems which offer a broad range of functionality need a 
strong user model which they offer and reinforce. Let's look at what a user 
model is, why it's important, and how it is determined. 

11. l. What IS a User Model ? 

The characteristic that isolates intelligent beings is their ability to 
model their environment. The model we carry in our heads is a distillation 
of the experiences we've had, and helps us to predict the behaviour of what 
we try to control. 

The user's model of any system is a set of rules he has built up which 
explain for him how it works, and 'What stimuli he must give it to achieve 
his aims. This is as true for a motor car as for an interactive computer 
based office system. 

Some systems are sufficiently simple for us to need very little model. If 
the system exhibits very few classes of behaviour, and responds to very 
limited stimuli, it's possible to learn them all and catalog them as related 
phenomena. 

Once the complexity of the system gets over a certain level, we need to 
build mental models of its behaviour. We modify our model when it's 
incorrect, but we're trying to limit the amount of precious memory we have 
to devote to operating it. our modeling skills as human beings get better 
as we grow up. Small children do not have well developed models of their 
environment, and need to remember more facts to survive. 

4.2. Why the Model is Important. 

Users of office systems are no different from any other learning being. 
When a user says that a system is unfriendly, or hard to learn, or hard to 
use, he's often making an observation on how good his model of it is, and 
how well that model is working. 

It seems clear, therefore, that the designer of any system would do well to 
ensure that its users develop an effective model of it as soon as possible. 
But that's easier said than done. 

How many of us have learned an effective subset of a complicated product, 
and ignore all its other features ? I know I do. This may be because I'm 
lazy, or it may be because I haven't succeeded in putting together a good 
model of it for myself. So in the absence of a model of the whole thing, I 
turn the system into a limited one I CAN handle. 

The purpose of a model is to enable me to extrapolate from how the systent 
behaved in one situation to how it will behave in others. So the system 
designer can reinforce a good mental model if he ensures that the system as 
a whole behaves consistently, and exhibits as few radically different types 
of behaviour as possible. That doesn't necessarily mean that the system 
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cannot perform a lot of functions, but the general way it goes about them 
has to be consistent. 

The system designer must start with a good mental model himself. His next 
~ask is to ensure that this model is reinforced by the system's behaviour -
it must not act "out of character". In my experience, the most successful 
systems are those which do exactly what they appear to be doing - ones which 
have an obvious model. I think we can all accept that you can drive a car 
better if you have some idea what's happening mechanically. It's the same 
with computer systems. If you can understand to a limited extent how they 
work, you can use them more effectively. 

'l'his has been the bane of computer systems design for what we 
condescendingly call the "computer naive" user. Programmers, and most 
system designers are programmers, know what their systems do. They can 
guess at what other people's systems do, too. They have well developed 
models, and the models work. But it's not as easy to explain the system to a 
non-programmer, and some computer systems defy any non-programmer to form an 
effective model. 

The user's mental model of a system is important to how successful he is 
going to be at using it. The designer's aim should be to present a system 
that's easy to model, and to reinforce that model in everything the system 
does. He does that mainly by being consistent, but he must also bear in 
mind the modeling tools available to his likely user population. 

4.J. Existing User Models. 

In some cases, the model that most users have is not the same as the one the 
designer had in mind. This is, as you'd expect, a source of difficulty and 
aggravation. If the user complains that the system is "inconsistent", the 
designers may not agree because they don't understand the user's model. 
Equally well, a system designer will sometimes be inexplicably reluctant to 
make an obvious enhancement which would conflict with his own model, even 
though it doesn't upset the model of the person suggesting the change. 

Many of today's office products do not have very well developed, or very 
obvious mental models. Word processors, by and large, provide a metaphor 
for a typewriter - and include such familiar features as a carriage position 
indicator and tab markers. These are intended to make the word processor 
seem familiar to someone trained on a typewriter, but they fail to explain 
the way the word processor actually behaves. 

A number of electronic mail systems, such as HPDesk, use a "folder model". 
The user picks items from contents lists and the operates on them with a 
reasonably consistent set of commands. 

The model presented by an HPMenu configuration is very much at the mercy of 
the models presented by the programs that are eventually selected. HPMenu's 
own model is particularly common in interactive systems. Complexity of 
function choice is reduced by a process of refinement through a hierarchy of 
menus. In some cases, this will be the model operated by the selected 
program, and the user model will then be reinforced. 
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There are emerging, with the XEROX STAR and APPLE LISA, a family of systems 
offering a rather different user model. This model is an analogy of a desk 
top, with items of interest laid out on it. Items may be selected, and they 
will then offer a choice of allowable function. A basic set of functions 
(Move, Delete, Show properties etc.) will generally be available, and much 
of the functionality of the system is available through these generic 
commands. 

4.4. Integrated System Models. 

In a system which offers a broad range of function, encompassing all that we 
do in office systems today, the user's model is extremely important. We 
really owe it to the user to devise a model and adhere to it as far as we 
can in everything he's going to do. UnleBB and until we can do that, we 
aren't doing hi111 a service. 

If we simply bolt together a lot of quite individual programs, and pretend 
that this constitutes an integrated system, we shall find that the user is 
confused by that system's behaviour. He can tolerate a certain amount of 
inconsistency if the total number of things he has to remember is limited. 
But once he has to manage hundreds of potential behaviours, he will need to 
form some rules in order to cope. 

As long as what we are giving the user is a number of quite different 
programs to run, it's almost better if programs are something that occur in 
his mental model. If he can see the product boundaries clearly, he can 
adjust his view of "the system" to accomodate the fact that it can behave 
differently in different contexts. 

So we shouldn't embark on a functionally integrated system lightly, or we 
risk turning our users off quite quickly. If we are serious about 
integration, we have to pick a model and stick to it. 
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5, Architecture. 

Our requirements for an integrated office system are that it should offer 
all its functionality at all times, that it should enable data and function 
integration, and that it should provide a consistent user model. 

5.1. Object Based Architectures. 

These requirements are best met by an architecture which is object based, 
rather than program based. An object based system consists of data 
structures, called OBJECTS, which are divided into CLASSES. For each class 
of object there is a single software unit which performs all operations on 
objects which are instances of the class. 

Almost anything in the system can be defined as an object, and complicated 
objects can be broken down into simpler objects. The internal 
representation of an object, and how each of its functions is executed, are 
unknown outside the software unit which controls the class. All that is 
available is an interface to the object. This interface is usually 
documented as a set of possible MESSAGES to the object, each message 
consisting of the name of the function to be performed - called the message 
SELECTOR - and possibly some function parameters. 

The user interface to an object based system consists of a mechanism for 
selecting an obJect, and a means to send it messages. One of the functions 
most objects will perform for you is to display a list of the functions they 
perform. Each function involves one message, and completes immediately. 
The software remembers nothing from one message to the next. Only the 
objects are allowed to change. 

This means that, in theory, the user has all the functions of the system 
available to him at all times. Since complicated objects can be built from 
simpler ones, data integration of the sort we initially identified, is 
possible. Functional integration isn't an issue with an object based 
system, since we no longer have separate products performing common 
functions. What we have is different objects with common "sub-objects", 
Clearly, such a system exhibits functional integration by default. 

~· Components of the Architecture. 

Object based systems require a uniform way of addressing objects if they are 
to be easy to construct. It must be easy to build big objects out of 
smaller ones, in order to leverage a few 11imple functions. Objects are 
created in memory, and linked together into more complex object structures. 
The place where objects are kept is called the OBJECT SPACE, and it's 
managed by an object space manager. 

An object based system requires a user interface, and it's quite consistent 
and feasible to treat the user interface device as an object. Since, in an 
object based system, only the software for the object class has any idea how 
the object is really implemented, the user interface object is responsible 
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for handling the different types of user interface device likely to be 
encountered. 

The object space is primarily a disc x·esident structure. It will be shared 
by all users, and needs to be secured against disc failure, recovered, and 
generally tidied up by a set of utilities. A useful utility is a general 
archiving facility to reduce the online disc requirement of the object 
space. 

Where the system is one of a network of such systems, there needs to be a 
standard mechanism for moving objects from one space to another. Given that 
objects are stored in a standard way, it will be possible to copy objects 
from one system to another accurately. Provided that their software modules 
are installed on the target system, they should look and behave as they did 
where they originated. 

Last, but not least, an object based system needs software modules which 
handle all the functions. Objects are divided into classes 1 and each class 
has a software module. The module is required to be able to create new 
instances of objects, and to perform each of the defined functions of the 
class. The module is therefore broken down into submodules. Each submodule 
is called a METHOD of the class. 

5,3, Implementing the User Model. 

An object based system lends itself to a particular type of user model. In 
the office, the model resembles a physical desk top. Objects are displayed 
for the user, and selected. They all respond to a small set of common 
commands, and individual objects may offer further operations more specific 
to their purpose. 

ibe user's desk top starts out with a couple of standard items on it - an IN 
and OIJI' basket, a filing cabinet, a diary, some empty pieces of paper to 
write on, and some blank envelopes. He can point at these objects and have 
them display themselves in more detail. He can write on the pieces of paper, 
file them away, put them in envelopes he then la~els and places in his OIJI' 
basket. 

The best sort of user interface device will support a graphical 
representation of an object - an ICOH. Icons are an aid to memory - they 
remind the user what the object is - and reinforce his model of the system. 
Ideally the terminal should have an easy way to select an object. A lot of 
object based systems use a "mouse" for this. The terminal should have a 
keyboard for text entry, and there may be standard function keys. 

But the benefits of an object based approach are not restricted to graphical 
interfaces. Normal alphanumeric terminals can substitute textual icons for 
graphical ones. Pointing can be achieved by labelling or highlighting, or 
even by moving the text cursor. Function keys, should they be missing, can 
be implemented by commands. In any case, the skilled user may prefer to 
enter commands from the keyboard rather than by pointing to sequences of 
objects and labels. 

60-15 



Every co1M1and can be preceded by the selection of the object to which it is 
to apply. In the absence of a selection, the system will assume a conunand 
to the previously selected object. Text entry and editing is achieved by 
positioning the text cursor and typing. The underlying object is amended 
i1M1ediately. There will be few instances of the system requiring a specific 
user input in order to continue or complete an operation. The system will 
not be strongly "moded". 

The system will maintain simultaneously the context of the user's 
interaction with an unlimited number of objects. The only limit is the 
user's capacity to keep track of the tasks he is engaged in. In this 
respect, the system models the way a real desk top works. Some people have 
lots of things on their desk. Others have only one, or nothing at all. The 
system doesn't dictate your work style. 

Since the objects themselves have no knowledge of the implementation of the 
user interface object, they will interface to it in the same way, via 
standard messages. The user interface device is responsible for 
implementing pointin1, selection, function keys and conunand input. It has 
no knowledge of the internal implementation of the application objects. It 
interfaces to them via standard messages as well. 

It should be possible to add new object classes, and hence new 
functionality, by simply defining new software modules and data definitions. 
Provided these objects interface with the user interface object in the 
standard manner, the functionality will be i111111ediately available on all 
supported terminals. 

Some teminals cannot adequately display certain object types. An 
alphanumeric terminal may not be able to draw a picture. The implementor of 
the tenninal object software has the discretion in these cases either to 
neglect to implement the display, or to translate it appropriately. Thus it 
could show a formal graph as a suitably labelled table of vectors. When 
displaying text, it may not be possible to honour the specified line width 
and tabulation, so the resultant display may not be quite what the printed 
output would be. This happens in any case for font changes and proportional 
spacing in all but the most sophisticated word processors. 

There are some functions that the implementors of object software may not 
choose to implement "on-line". The system should define and support a 
server mechanism. A server is a background process which can execute object 
functions which are lengthy, or which require serial use of a resource. An 
example of this is the PRINT function. 

5.4. User Scenario. 

To get a feel for what such a system is like to use, let's consider a 
typical user session. 

The user will execute, or have executed for him, an ordinary application 
program. This program embodies, or has access to, a librax·y of object 
methods. All it needs are the objects. 
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The object space is partitioned hierarchically into a number of user 
subspaces. Objects may be simultaneously in more than one user space, but 
users will typically not be aware of this. The system needs to know which 
user space partition this session is to operate in. This is achieved by a 
signon procedure, similar to MPE signon, or the signon of HPDesk. 

When the application prog1·am has located the right user space, it will find 
there a collection of objects the user was working on when he last signed 
off. This is where the system behaves slightly differently from most 
conventional systems. Since the only things that can remember anything are 
objects, and since objects are stored on disc, there' a no reason why it 
cannot resume any session precisely from where it left off. The system 
provides continuity of operation, Just like the desk top it models. Of 
course this doesn't atop you tidying your desk up before you go home, if you 
are that type or person. 

So, assuming there were things on your desk when you went home last night, 
you'll still find them there in the morning. All the papers will be open at 
the page you were on. Your IN basket may have new things in it. Your 
calculator will be turned on. The graph of the sales figures, if you have a 
graphical terminal, will still be there. 

Now you continue where you left off. Initially, the system will not know 
which of these objects is the one you're interested in. So you'll have to 
tell it. If you have a pointing device, you can point to it, and it will 
then highlight itself to confirm that it's the current object. If you don't 
have a pointing device, you can type the object's name, or have the system 
serially highlight all the objects until it gets to the right one. If it had 
been partially obscured by something lying on top of it (a problem with 
desktops everywhere) it will move itself to the top of the heap. 

You can now perform a number of standard operations on this current object. 
If it is a complicated thing, like a folder or a document, you quite 
probably don't want it displayed all the time. So one of the things you can 
do to most objects is to OPEN it. This will cause it to display itself in a 
new screen window. Alternatively, if you aren't interested in the object for 
the moment, you can CLOSE it. This will shut down its window, and if there 
are no other windows on the object, will make it disappear entirely. All 
objects you have must have initially been obtained from some other object, 
so you'll presumably be able to get it back. 

You can always move the object display around the screen, perhaps so that 
you can better see other objects, or just to get them out of the way. If you 
move an object deliberately to the space occupied by another one, the system 
will try to interpret this in a sensible way. If you move a document to a 
folder, that's equivalent to filing it. If you move an envelope to the our 
basket, that mails it. If you move an object to a "printer object", that 
prints it. In particular, if you move an object to your wastebin, that' a 
almost the same as deleting it. Until the end of your session, you will 
always be able to recover it from the wastebin. 

On a graphical tenninal with a pointing device, these effects are all 
achieved by pointing. On other terminals, it can be achieved with commands 
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like "MOVE TO WASTEBIN". Subject to loss of display fidelity in obvious 
cases, it ought to be possible to operate the system from any terminal. 

When an object has been OPEN'd, it will typically offer some further 
functions beyond the standard OPEN, CLOSE, MOVE, COPY etc. Documents, for 
example, will let you turn over their pages, and type on or over them. IN 
Baskets will show you lists of messages you have received, and you can read 
one by pointing to it and opening it. 

If you want to create a new object, you do this usually by copying from an 
existing one of the same type. The existing object might be blank, or it 
might be a standard, "boiler plate" for its type or a complete one. So to 
start a new document, you find an old one, select 1 t, and issue the COPY 
command. You now have a new document, with a display window on it. You can 
continue doing the same things to this one as you could to the old one. The 
system will provide you with a sort of "stationery cupboard" consisting of 
blank objects of the types it has software for. 

There will be cases where you want to access software which isn't 
functionally integrated into the system in the fullest sense. There are two 
ways you can do this. It• s fairly trivial to implement a "program" object 
which accepts a RUN command, or for that matter an "operating system" object 
which accepts any operating system command. When you run the program, it 
will take over your terminal, and that will be the end of that until it 
terminates. 

Alternatively, the program you want to run may be sufficiently tame and 
device independent that it can use standard input and output devices. The 
implementation of such a program object would create a window for it to read 
and write to. The advantage of this ia that the user interface could treat 
this as a standard text window similar to one you typed yourself. Then it 
would be possible to move the output of the program into your documents and 
mail messages. This can be useful if your program was, say, performing a 
data base extraction. 

In the longer term, we'd like to integrate as many programs functionally as 
we reasonably can. This will sometimes mean writing object based software 
which accesses conventional software but interfaces no1ually to the 
remainder of the object based world. For example, suppose we implement a 
spreadsheet object. This will behave to the rest of the world like a table. 
Tables are things you can give to graph objects and have them draw for you. 
But a table is also the sort of thing you can get by enquiry from a data 
base. 

So you can envisage a situation in which the system implements a number of 
standard or user configurable "data base" objects which, when they display 
themselves, do so as tables. You could even update the data base by 
amending the table, if the object allowed you to do so. But perhaps more 
practically, you get, almost for nothing, the ability to plot a graph from 
data base data. This is possible because, in an object based system, the 
only software which has any business with an object's implementation is the 
software which defines the object class. Thus, all the graph object knows 
about the tables it plots is the information it can get from them. It has 
no idea how, or if, the table is stored in the object data structure. Thus 
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a graph can plot a set of data base figures just as well as it can plot a 
spreadsheet, or figures actually typed in by the user to a real "table" 
object. 

This should give you some feel for what is possible in a functionally 
integrated system using an object based architecture. Clearly, these 
effects cannot all be achieved overnight. We can go a long way with a basic 
set of objects and loosely integrated program objects to cover other 
functions. Gradually, the system will evolve into a more completely object 
based system. Conventional software can be interfaced by implementing 
objects for the purpose. 

or the possible functionality that can be offered, we cannot expect more 
than a basic set of applications from the supplier. We would expect that, 
in the long run, users and customers should be able to add their own objects 
or reimplement the supplied ones. Object based systems are not essentially 
more difficult to write, but they do require a different approach. By 
comparison with conventional software, it is much more highly leveraged. 
New object types can be implemented using existing ones, or by defining 
subclasses of existing ones. In particular, a standard user interface 
facility is offered that other software would do well to employ. 
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6. Conclusion. 

We have looked at what it means to integrate office applications, the types 
of integration there are, and why we do it. We identified the two main 
architectural approaches to integration. 

We also looked at how systems are modeled by their users, and why that model 
is critical to user acceptance and effectiveness. We considered the 
particular problems of modeling and using a complex integrated office 
system. 

Finally, we explored an architecture which meets the users expectation for 
functional integration, and his need for an acceptable model. 
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USER TRAINING IN OFFICE SYSTEMS 

Jay Younf 

Office Productivity Division 

INTRODUCTION 

llPJOOO 100 
Edinburgh 

October 198J 

Let me start by defininf what I mean by User Traininf. I do not mean purelJ 
product traininf, that is, how to use the Hord Processor or Financial packafe. 
I mean a much more cOlllprehensive approach, coverinf an introduction to the new 
concepts and specific products, an awareness of how they can increase their 
users' productivity and effectiveness, traininf in how to use the products and 
the period or consolidation, practice and further traininf that follows every 
implementation. 

Thia definition is product specific - that is, it does not address the reneric 
issues. These include how people feel about the introduction or office sys­
tems in general, their rears about their job security, their future proapecta, 
their working conditions and health. These are all issues that an effective 
office systems imple111entation and trainin( prO(ram should ~dreaa. 

However, today, I want to confine myaelf to the product specific isauea in 
training office users. 

H11at I intend to do in this presentation la to develop a 4 step approach to 
traininf users on a new office product. Office vendors should provide train­
ing programs which cover all the aspects discussed. Such a prO(r&11 will atart 
shortly before the product is actually installed, and may carry on for several 
months if there are a large number of uaera involved. 
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HHAT SHOULD TifE TRAINING PROGRAM ACHIEVE? 

HPJOOO JUG 
F.dinburgh 

October 198J 

It is important to establish the objectives of the training program. As I 
have already said, I do not believe that it is enough for a training program 
to confine itself to teaching simply HOH to use the product. There are a num­
ber or other objectives that we would like to achieve. 

First, we want people to be able to use the product confidently. They must 
understand how to use the product to carry out the particular applications 
that they have. A training course that does not teach people the features 
that they will need to use, however esoteric the application, will not achieve 
thia objective. 

Secondly, we want people to be, if not positively enthusiastic about the prod­
uct, at least comfortable using it. He want them to understand how the prod­
uct is going to be helpful to them in their work, and to be motivated to use 
it. 

Thirdly, we want people to make appropriate use of the product. The training 
program should give them the opportunity of looking at their department's or 
froup's work and finding ways of using the new product to improve on current 
methods. If an office vendor is sellinf productivity tools, they should make 
every effort to help their customers use them productively and help them to 
find appropriate applications. 

Fourthly, we want managers to have the necessary skills to run a department 
where the new product is being used. They must understand the impact that the 
new product may have on their department and be able to handle any changes to 
work loads and methods and working relationships. 

Lastly, we want to develop an effective post-training support service. Users 
of a·new product will inevitably run into problems, however good their train­
ing course. They require access to some person or persons who can help them 
to solve these problems. A general forWll for communicating ideas, applica­
tions and issues between users would also be beneficial. 

Now that the objectives have been defined, we need to consider some of the 
factors that may influence our ability to achieve them. 
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IMPORTANT CONSIDERATIONS 

HPJOOO 100 
Edinburgh 

October 198J 

orrice users are a heterogeneous group. Everyone in an organisation ia poten­
tially affected by the introduction of off ice systems and training programs 
must be able to address the needs or each individual or group of individuals. 

Hhat are the characteristics or these froups? 

First or all, they are at all levels or an organisation, from Managing 
Director downwards. The training program must be able to offer training and 
support to all these people, and in a way that is appropriate to their posi­
tion, daily schedule, and computer understanding. 

Secondly, there will be a widely ranginr level or interest in the new product, 
from enthusiastic to perhaps hostile. Our program muat try to seek out peo­
ple' a feelings and to motivate them both to learn and subsequently to use the 
product. 

Next, they will have varied knowledge or computers. Some potential users may 
have their own Personal Computers at hOllle, others will be completelf new to a 
computer. The·prorram must be able to rive confidence to the "new" users and 
also satisfy the greater desire for knowledge (and perhaps recognition) of the 
more experienced users. 

The preferred method or giving product training may also vary between groups. 
There will be groups of users (swch as the existing computer users) who will 
be able to follow self-paced training programs, perhaps computer baaed; others 
may prefer a classroom course which will enable them to concentrate on learn­
ing the product, thus becoming proficient in a shorter time. Others may re­
quire individual coaching sessions. The training needs of senior managers 
must be considered. Product training programs must be able to cater for all 
the varying requirements. 

Finally, a wide range of applications will exist. There will be many dif­
ferent uses for the product. There will also be uses that may not be immedi­
ately obvious to new users. Our program must provide help to users in analys­
ing their work and looking for ways in which the new product can improve their 
efficiency and enjoyment of their work. 

To sllinmarise, our training program, while achieving its objectives of user 
confidence and motivation, appropriate product usage and effective support, 
must also be able to address the problems presented by the positions, the de­
gree of interest, the level of computer knowledge and differing applications 
or the users • 

How can we achieve this? The rest of the paper concentrates on looking at a 
suggested 4 step training program which sets out to do just this. 
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STEP 1 - INTRODUCTION 
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The first step in the program is to introduce the users to the new product 
that they will be using. 

This introduction serves three main purposes: 

It introduces users to the concepts behind the system. For someone who has no 
idea or what, for example, an Electronic Hailinf system is or or what it can 
do, it is important that they understand something about its purpose and 
capabilities before setting out to learn HOH to use it. The user will need to 
know: 

what does the product do? 
what can I use it tor? 
why should I use it? 
what will it do for me? 
what does it look like? 

The introduction also provides an opportunity or discussing feelings and anxi­
eties, end or motivating the users. As I have already discussed, not all 
users will be enthusiastic and eager to use the new system. Perhaps they are 
being asked to switch frOlll a word processinf system they have used for some 
time - they may not reel inclined to learn yet another system. Perhaps they 
simply prefer to continue usin1 the existing systems, automated or not. 

During the introduction, examples or the various uses or the products can be 
riven. Specific advantages or the product over previous methods can be high­
lighted and these should be geared to each group being addressed. Some in­
dication ahould be given or the learning time involved so that expectations 
can be correctly set. 

It is often useful for prospective users of a new product to hear or the 
experiences of existing users. This allows them to ask questions of someone 
with whom they can identify better than they can with the vendor's representa­
tives. If a pilot study has been carried out, a member or the pilot group 
could do this. 

Finally, the introduction can include a demonstration or the product (this 
could be done 'live' or on a videotape). This enables everyone present to get 
an idea of what the product looks like, how easy it appears to be to use and 
how to carry out some simple functions. 

The introduction need only be a short session which should be given to all 
prospective users. Its length will depend on the complexity and novelty of 
the product being introduced, but it should not be more than one to one and a 
halt hours. 

This session should ideally be given to homogeneous groups, that is, all the 
people in a particular work-group or department should attend together. This 
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enables examples and demonstrations to be tailored more specifically for the 
audience. It will also ensure that the same infoI"llation has been given to all 
the members or each department which will help them when they come to discuss 
their own application of the product. 

Some introductory documentation covering the points made in the introduction 
and also an explanation of the features of the product can be distributed at 
this time. 

So, the objectives of this session are to explain the concepts and some basic 
features, to give a demonstration of them and to motivate the users both to 
learn and use the new product. 

By giving such an introduction, we generate interest in and perhaps enthuaias• 
for the product and provide some basic information for users to carry forward 
into the next stage of the program. 
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STEP 2 - ANALYSIS 

HPJOOO IUG 
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The next step in the program is to give users an opportunity to think about 
how the product applies to their particular work group. 

The purpose of this is to encourage each work froup to look at the work they 
do and find effective ways of usinf the new product to help them. Not all 
their activities will necessarily be better done using it. An understanding 
of where the productivity gains are to be made needs to be reached. 

Vendor representatives should help with these group discussions, acting as a 
facilitator rather than directing the discussion. They can also provide addi­
tional information about the product if required. 

I believe that it is important that as much help as possible is riven to the 
customer to understand where a product can be or moat benefit and to realise 
the productivity gains that have been promoted. 

A number or benefits are to be gained from this analysis stage. 

Users will acquire further knowledge and understanding or the product's func­
tions. They will reach a greater understanding or how it can be used to im­
prove the quality and effectiveness of what they do. 

They will be able to discuss as a froup the work they do, the current systems 
they use and how they might be able to do their work better, with or without 
the help or the new product. 

Hith a product like Electronic Hail, this is absolutely essential, especially 
for managers and their secretaries who will need to work out how they are 
going to use the product most efficiently to deal with day to day events and 
correspondence that have always been handled by the secretary in the past. 

Finally, by the end or the discussion, each group should be able to define 
their own training needs. This is possible because they have identified the 
uses they have tor the product and therefore the features they need to learn. 

These will vary from group to group. For example, with a Hord Processor, the 
Finance group's main application may be to type columns and rows or figures 
and use calculations. They may have no need to learn about using Headings and 
Footings in a document although this might be an important feature for the 
Legal Department users. 

This definition or training requirements is extremely helpful in outlining the 
formal training courses which are the next step in our program. 

61-6 



User Training in Office SystelllS llPJOOO IUG 
Edinburgh 

October 1983 

In summary, the objectives of the analysis step are to develop with each work 
group a list of applications that they have for the new product. In addition, 
each group should identify their individual training requirements. 

By going through this analysis, we hope to continue to generate enthusiasm 
through an understanding of the product's specific value to individual work 
groups, and to ensure appropriate and optimal use of the product throughout 
the user group. He improve the prospects for a successful formal training 
program by identifying individual applications and therefore training require­
ments. The work group approach ensures that all prospective users, regardless 
of position, can further their understanding of the product and can contribute 
to planning its use and effectiveness in their and their colleagues' jobs. 
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STEP l - FORMAL TRAINING 
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Step ] is the fo1'118l tralnlnf, the aim or which la to provide the necessary 
level or basic trainlnf to enable all the user- to 1et started confidently 
with the new ayatem. 

The apecltic objective will be to train each user to the level that they re­
quire in their job. Trainlnf objectives will have been set for each indi­
vidual and/or work froup durlnf the previous phase. Thia should enable the 
formal traininf proiram to be planned verJ preoiaelJ accordinf to these pre­
determined requirements. 

The method or delivering traininf maJ well varJ from 1roup to croup and it la 
important that a variety or approaches are ottered. Classroom courses, aelf 
paced traininf, perhaps computer based, and individual coachinf maJ all be 
required. 

CLASSROOM COURSES 

Classroom couraea have proved to be the moat effective way or carryinf out 
certain tJpes or traininf, for exa111ple, word proceaalnf where it is important 
that the operators learn quicklJ and thoroufhlJ. 

These courses should be available either at a vendor Traininf Center, or en 
the custcmer'a site. In the latter case, the course can be adapted to suit 
the specific needs or the class. 

llthoufh it ia probablJ beat for the vendor's experts to five the initial 
traininc classes, aome c0111panies will have traininc staff who can take on this 
responsibility aa the implementation or the new product proireaaes. 

SELF-PACED TRAINING COURSES 

Self-paced traininc la valuable for those who can schedule their own time to 
take the training and who do not need the additional instructor explanation 
and support that is available in a classroom. It is also useful for those who 
want to learn additional features of a product, after learnlnf the basic ones 
in a classroom course. 

To be effective, self-paced traininf requires the availabilitJ or an expert 
who can answer questions and clarifJ any particular problems, 

If aelr-paced traininr is to be used, it la probablJ best carried out in a 
Learninf Center. The value or a Learninf Center la in providing a quiet en­
viron111ent for learninf and a supervisor on hand to help solve problems and 
five additional advice and information if required. However, the Learning 
Center is likelJ to be an inappropriate method early in the implementation or 
a new system, when there are no companJ experts to act as supervisors. 
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MANAGEMENT COURSES 

Management training falls into two categories. 
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The first is formal training on how to use the product. The second is the 
training in the management skills required to make the most effective use or 
the new product in the individual manager's department. 

A recent survey or member organisations by the International Hord Processing 
Association showed that whereas 70% of the companies surveyed provided train­
ing for their word processing operators, only 25" provided an1 training pro­
gram for principals, and for senior management, only BJ. 

Of the management training programs that were provided, only formal skills 
were covered (and the most common skill taught was Dictation!). 

To achieve its objectives, our training program should provide management 
training which covers: 

a review of the product 
applications discussion 
basic product training 
errective ways or using the product 
managing an "automated" department 

Such a program will ensure that all levels of management receive training ap­
propriate to their needs. It should also generate additional commitment for 
the new product rrom management, a very important factor in the product's suc­
cess. Finally, it will enable them to manage their group under the new sys­
tem, being aware of the possibility that existing jobs may change, the way the 
group is orgnaized may need to be changed, and so on. 

SUPPORT SERVICES 

One of our objectives for the training program as a whole is to ensure the 
development of an effective support service. The training courses should ex­
plain to the users what arrangements have been made for support after the 
training course. Problem solving should be covered as part of the course, 
together with the use of the documentation for self-help. 

So to sum up this formal training stage, the objectives are to provide user 
training which will enable each user to reach a level at which they can use 
the product for their 11pecific applications, and to provide management train­
ing which will enable managers to cope with the impact the new system will 
have on their departments. 
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By doing this we hope to achieve our aims of confident users at all levels of 
the organisation, we cater for the needs of both 'new' and 'experienced' com­
puter users, and we enable management to supervise effectively the use of the 
new product in their departments. 
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The final step in our training program is the period of consolidation with the 
product being used in the orrices. 

A training program should not atop as soon ea the users have been through 
their formal training. It !a very important that during a follow up period or 
say 8 weeks, users are given support and assistance in their early use or the 
new product. 

The main support service offered will probably be a HELPLINE for users to call 
up for help. But users should also be encouraged to try to solve their own 
problems with the help of Reference Guides, or asking each other. 

The support staff can also arrange meetings or users to exchange ideas, prob­
lems and workarounds. The vendor's instructors could take part in some or 
these meetings to help with specific requests. 

It is likely that during this period, further training requirements will be 
identified - applications that perhaps were not thought or in the earlier 
stages, correction of misunderstandings, or simply a readiness to move on to 
new and more advanced features. 

Arrangement should be made to meet these further training needs, through 
additional training classes, self-study, user meetings/seminars or any other 
method that seems appropriate. 

The objectives or this final step are to enable the users to work with the 
system, consolidating the knowledge they have gained in training, and learning 
to use the support service. It also provides a time for testing the effec­
tiveness of the support service. 

By including a period of follow-up in our training program, we continue to 
build the users' confidence and even enjoyment or the new product by maintain­
ing interest and support in their use or it. He can see the impact or the new 
product throughout the organisation and ensure that management is able to han­
dle any necessary changes. He review the usage of the product in the dif­
ferent departments, ensuring the smooth running of existing applications and 
helping to identify new ones. He also test the support services that have 
been set up. 
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User Training in Office Systems 

CONCLUSION 

ff PJOOO 
Edinburg.. 

October 198) 

So the training program we have developed is a 4 step plan, covering: 

INTRODUCTION 
APPLICATION ANALYSIS 
FORMAL TRAINING 
FOLLOH UP 

He hope to have achieved our 5 objectives, namely: 

Confident users 
Enthusiastic users 
Appropriate usage 
Informed management 
Effective support service 

He should also have covered the differing needs presented by a heterogeneous 
froup from all levels or the orfanisation, with mixed feelings about the 
introduction or the new product, some of whom may know nothing about com­
puters, and who have many different applications tor the product. 

Finally, we have fiven management of all levels some additional help in run­
ninf departments where the new product is being used. 

I hope that this presentation will provoke some thoughts about the training 
programs that are offered for the implementation or office systems, and will 
five you some fUfdelines tor evaluatinf them. 
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TI~E FCS-EPS DECISION SUPPORT SYSTEM - BOOINESS PLANNING 
ON HP3000 COHPl1l'ERS 

FCS-EPS is a specialised decision support system generator for financial and 
resource planning, analysis, and reporting. It can be easily learned and used 
by non-progranmers to develop models in a minimum of time. In spite of its 
ease of use, FCS-EPS has a wide range of capabilities which go beyond the basic 
modelling tasks to ensure that the user will never outgrow the system as his 
expertise and the complexity of his applications increase. Users have found 
that the system is capable of handling.any design concept their requirements 
call for, including completely black-boxing or front-ending applications so 
that even untrained users can easily run models written by others by simply 
answering questions. 

Hodel building in FCS-EPS closely follows the business analyst's natural 
thought process. Using the English-style modelling language, he enters the 
variables and the applicable input data or calculations for each. 

In order to illustrate the concept of how FCS-EPS works we have created a 
ficticious organisation, K.F. Ltd., who are coomitted to the production of 
annual budgets as the basis of their financial control system. The 
demonstration will lead us step by step through the creation of · a "budgeting 
model" and show how it may be used to evaluate and control the financial future 
of K.F. Ltd. 

K.f. Ud. 

K.f. Ltd. require a system to reduce the work associated with the compilation, 
consolidation, analysis and presentation of quarterly budgets. 

For the purpose of demonstration the company has been simplified to have 5 
factories in 2 divisions. The Engineering Division has factories in Leeds, 
Croydon and Bristol while the Components Division has factories in Manchester 
and Newcastle. However, the principles can be extended to any number of 
factories in any nlllllber of divisions. Similarly any other basis for aggregation 
would be equally valid, for example, Product, Cost Centre, Department. 

The first part of our demonstration shows how a simple budget may be prepared 
for the Manchester factory. The LOGIC is created, the DATA input, the REPORTS 
produced and SENSITIVITY ANALYSES performed. 

The second part of our demonstration shows how the budgets for each factory may 
be consolidated after each has undergone a similar process. The total budget is 
evaluated by producing comparison reports across divisions and factories • 
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K.f. Ltd -·The Budgeting ProCfts3. 

The nature of the business that K.F. Ltd, find .themselves in, i.e. 
lllfjnufacturing to demand, dictates that all of their plans are dependant up6n 
their Sales Forecast. 

Thus, . in coosidering haw best to cre~te a typi~al factory budget, K .F. begin 
with a projected vollllle of sales, of the product of such a factory, by planning 
period. 

Then, since it is planned that all.~f the projected sales be satisfied by 
proouctitin in that peddd, the .variable costs of production are directly 
derived and hence the factory contributi0n. 

Next, the factory fixed cost overheails are. estimated and phased over the entire 
period of the plan, in order to arrive at an overall factory profitability. 

Finally, the individual factory bl,ldgets are consolidated to creatl! both the 
divisional and company profit statements. 

The WaV It's ·Q®e. ·fbi - Manually, 

In addition ~··we. budgeting process previously outlined, it is iJlil>Ortant to 
understand that recalculation of, all or some of the budget information may be 
required 'f~i:l'the forecasts are not acceptable. This situation m'&y.occur. at 
factory, divf~~l or company level and may result in many changt$ being made 
throughout th!' 'dfpni'Sr:ltion. · · 

When manual methddsare being employed, as at. K.F~, the amOl.llt of. "nunber 
crunching" r@!:1Uited when comput~ng the initial budget often takes 80· mooh .. time 
that little oi)pbrtuhity 1S all0wed for.detailed analysis of the projections. 
Alternatively,. time is made by 9onmencing the budget calculations at an earlier 
date, however, this often has an imj>act On the accuracy of the forecasts being 
made. 

Inevitably in such eircumstances, approximatioos are made, alternatives are not 
assessed, errors occur and mid year budget revisions are hot made ant easier. 

Faced with such a situation, K.F. Ltd., decided to employ a computer based 
Decision Support System, FCS-EPS, in order to allow theni the opportunity to 
analyse and improve forecasts and begin to control their business mcire exactly. 
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Entering Calculation Rulea. 

Since the budget appropriate to K.F. Ltd., is to be based upon "reality", then 
the model to be constructed will be based upon the financial framework in which 
the company's activities of procurement, production and selling are represented 
in fi11anci,al terms. this representation will thus be analogous to accounting 
statements and will incorporate such items as revenues, costs, contribution and 
profit. · 

Thus, the model will be defined fran quantifiable factors and the relationships 
between thse factors, see Figure 1. The relationships in the model are o~en 
referred to as the 'logic' of the model. 

The LOGIC command has the prompt: +. In response to this, the user tells FCS­
EPS what factors are to go in each row of the underlying model matrix. 

e.g. 12 1NL1Dber of Weeks'. 

All rows must have a nwnber. The row name where appropriate must be in single 
quotes. 

A row such as the one above would be considered to be an input row, i.e. it 
requires datf:l, 

Where a row is to be calculated the definition of that row is extended to 
incorporate this definition, · 

e.g. 18 •Sales Revenue• = •Sale Price• • •voiL1De1 

or when µtilising the row numbers, 

34 1MATERIAL 1 = 14 * 24 

This second method providing a faster method of input but less clear 
documentation.· 

The LIST NAMES command allows the user to enjoy the best of both worlds, 
since it produces a documented model from.the row number defined input. 

Calculated rows employ the usual canputer operators 

+ ADD, - SUB'fRACT, /DIVIDE, * MULTIPLY 

as well as over 1pcl additional operators and functions, such as 

AT, 
J, 
SUH, 
LAG 1 

INTEREST, 

multiplies by a percentage 
calculates a percentage of 
adds an inclusive range of rows 
references previous COlLIDDS 
computes .the interest payable or 

on a cash balance. · 
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The systems line by line error checking, for syntax and compilation, enables 
errors to .be pointed out iOlllediately upon input and the maintenance of a 
compiled model, which may be altered line by line without recompiling the 
whole. 

It should be pointed out that non-procedural calculations, for example where 
the use of forward references in the logic are deliberately used, are allowed 
by the system and as such are not trapped as syntax errors, 

e.g. 50 •Gross Profit 
60 •s C011JDission' 
70 1C0111Dission' = 
80 •Net Profit' = 

80 AT 60 
50 - 70 

Lastly, having prepared a logic file in this way the SAVE LOGIC cOlllDSnd is 
used to keep a permanent copy of the model for future use. 
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System>SET COLUMNS 5 

System>LOOIC 

Specify the number of colt111ns 
(4 ()Jarters and Annual Total) 

+12 'Number of Weeks' Define the variables in the 
+14 •Volume' model and the relationships 
+16 'Sales Price' between them. 
+18 'Sales Revenue' = •Sales Price' • •Volume' 
+22 'CPU Labour' 
+24 'CPU Material' 
+26 'CPU Carriage' 
+28 'CPU Energy' 
+32 'Labour• = 'Volume' • 'CPU Labour' 
+34 'Material' = 14 • 24 
+36 'Carriage' = 14 • 26 
+38 'Energy' = 14 I 28 
+42 •contribution' = 18 - 32 SUM 38 
+116 1 Prodn Overhead 1 

+48 'Sales & Admin' 
+50 1 R&D 1 

+54 'Net Profit' : 42 - ( 46 SUH 50 ) 
+64 'Rtrn on Sales S' = 1Net profit' S 'Sales Revenue' 
+ 

+LIST 42-54 
+42 'Contribution' = 18 - 32 SUH 38 
+46 'Prodn Overhead' 
+48 •Sales & Admin' 
+50 1R&D 1 

+54 'Net Profit' = 42 - ( 46 SUH 50 ) 
+ 

+LIST NAMES 42 

Examine any part or all of 
the model. 

Self-doc1.U11enting feature. 

42 •contribution' = •Sales Revenue' - 'Labour• SUH •Energy• 
+ 

+REPLACE 1CPU 1Cost/U 1 

22 •cost/U Labour' 
24 •Cost/U Material' 
26 'Cost/U Carriage• 
28 •Cost/U Energy• 
32 •Labour' = •VollJlle' • •cost/U Labour' 
+ 

+END 
System>SAVE LOGIC 
Logic file:/ABUDL1 
System> 

f'IGURE 1 
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Ent.ering Data. 

In order that the required information may be derived from the model, e.g. the 
Factory Net Profit, clearly the estimates of factors such as volume of sales 
and selling price need to be supplied to the model. 

This data entry may be done by answering DATA at the SYSTEM prompt, Figure 2, 
and then proceeding with line by line data entry of the "Free Fonn" 
Row Nl.lllber, Data Code, N1.1Reric Values, 

to represent 

e.g. 12, U, 13, 12, 11, 12 

13 Units in column 1, 12 in column 2, 11 in coll.IRD 3 and 
12 in column 4, of row 12. 

The following data codes describe the order of the numbers 

U = Units 
K = Thousands 
H = Millions 
C = Hundredths 

In addition, growth patterns can be associated with data, 

e.g. 14, I, 1000, 10 

to represent incremental growth of 10 units per period from a base of 1000 ii: 
the first period, thus the four values 1000, 1010, 1020, 1030 are generated. 

Such growth patterns include 

I = Incremental 
A = Arithmetic 
G = Geometric 

A further requirement satisfied by these data codes in PHASING. Thus on entry 
an annual amount, say, may be allocated to individual periods according to some 
pre-detennined pattern. 

e.g. 46, D, 80000, 12 

to represent a total of 80000 in row 46 phased according to the data in row 12. 

Alternative data entry methods in!llude the ability to interface with company 
files such as an IMAGE database, full screen data editor from user defined 
screens and interactive data entry from user defined prompting. 

Naturally, all data entry methods allow the input data to be validated before 
acceptace and subsequent use. · 
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System>DATA 

*FOR 1-4 

•12,u, n, 12, 11, 12 
*LIST 12 
Row 12 

13.00 12.00 

*14,I, 1000, 10 
*LIST 14 
Row 14 

11.00 12.00 

1000.00 1010.00 1020.00 1030.00 

*16 ,G, 150 ,3 
*LIST 16 
Row 16 

150.00 154.50 159.14 163.91 

•22,u,•30 
*LIST NAMES 22 
Row 22 Cost/U Labour 

30.00 30.00 30.00 30.00 

•211,u,•45 
•26,u,•10 
•28,u,•5 
• 
*46 1D ,80000, 12 
*LIST NAMES 116 
Row 46 Prodn Overhead 

21666.67 20000.00 18333.33 20000.00 

1118,D,60000, 12 
150,D,40000,12 
*END 
System>SAVE DATA 
Data file:/ABUDD1 
System> 

FIGURE 2 
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Data is input in a convenient 
fonn and expanded on input 

Annual production overheads 
are phased 



After the logic and the data have been entered using the LOGIC and DATA 
conrnands or retrieved from their files by the coamands LOGIC USING and DATA 
USING the model may be calculated by the CALCULATE coamand. 

This conrnand causes the calculation definitions to be performed and the results 
to be created internally to the system ready for reporting. 

When a model is under development it is often useful to both limit the range of 
the model to be calculated and to trace the results of calculations, both 
alternatives are possible within the CALCULATE conrnand. 

Q.iick Reoort, 

Following the use of CALCULATE two levels of reporting are available to the 
user. The first of these the "quick report" or "working report" may be 
retrieved by the LIST conmand. 

This conmand allows selective output from tile internal results to be produced, 
the selection criterior being the colunns and rows of the model that are 
required. 

The report gives illlllediate access to any results but in a system defined 
layout, Figure 3. This layout is entirely general and consists of all rows 
selected that contain data. These rows are printed in the selected sequence 
and are annotated with both their row number and the first 16 characters of 
their row name. The numeric values are shown with two decimal places and where 
appropriate are scaled, K - Thousands, in order to fit an eight character width 
field. 

This report is designed to facilitate rapid model development since it allows 
the calculations to be easily monitored and amended where appropriate. 

The working report may be further BllJllended by the addition of an appropriate 
title and column headings, see Figure 4. 
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System>CALCULATE 
System> 

System>LIST 
Collunns?l-11 
Rows?l-611 

12 Number of weeks 
111 Volume 
16 Sales Price 
18 Sales Revenue 
22 Cost/U Labour 
211 Cost/U Material 
26 Cost/U Carriage 
28 Cost/U Energy 
32 Labour 
311 Material 
36 Carriage 
38 Energy 
112 Contribution 
116 Prodn Overhead 
118 Sales & Admin 
50 R&D 
511 Net Profit 
611 Rtrn on Sales j 

System>LOGIC 
+58 COLUMN 5 = 1 SUM II 
+END 

2 3 

Complete the data matrix 

Working report featuring 
selective output and 
automatic scaling 

13.00 12.00 11.00 12.00 
1000.00 1010.00 1020.00 1030.00 
150.00 1511.50 159.111 163.91 
150.00 156.05 162.32 168.83 K 
30.00 30.00 30.00 30.00 
115 .oo 115 .00 115 .oo 115 .oo 
10.00 10.00 10.00 10.00 
5.00 5.00 5.00 5.00 

30.00 30.30 30.60 30.90 K 
115.00 115.115 115.90 116.35 K 
10.00 10.10 10.20 10.30 K 

5000.00 5050.00 5100.00 5150.00 
60.00 65.15 70.52 76.13 K 
21.67 20.00 18.33 20.00 K 
16.25 15.00 13.75 15.00 K 
10.83 10.00 9,17 10.00 K 
11.25 20.15 29.27 31.13 K 
7,50 12.91 18.03 18.1111 

Amend the logic to calculate 
annual totals 

System>SAVE LOGIC /ABlJDLl 
System>CALCULATE 
System>LIST 

Calculate amended logic 

Colllllns?l-5 
Rows?18,112-611 

18 Sales Revenue 
112 Contribution 
116 Prodn Overhead 
118 Sales & Admin 
50 R&D 
511 Net Profit 
611 Rtrn on Sales j 

System> 

150.00 
60.00 
21.67 
16.25 
10.83 
11.25 
7,50 

2 3 II 5 

156.00 162.32 168.83 637.19K 
65.15 70.52 76 .13 271.79 K 
20.00 18.33 20.00 80.00 K 
15.00 13 ,75 15.00 60.00 K 
10.00 9, 17 10.00 ll0.00 K 
20.15 29.27 31.13 91.79 K 
12.91 18.03 18.1111 111.II1 

FIGURE 3 
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System> TITLE 
Title:MANCHESTER FACTORY REPORT 1981 
System> 

System>HEADINGS 
Option:HELP 

MO - MONTHLY 
ST - STANDARD 
NU - NUMERIC 

Option:ST 
Column,heading 
: 1 ,QTRl 
:2,QTR2 
:3,QTR3 
:4,QTR4 
:5,YEAR 
:END 
Option:END 
System>LIST 
Coll.llllls?1-5 
Rows?18,42-64 

MANCHESTER FACTORY REPORT 1981 

QTR1 QTR2 QTR3 

18 Sales Revenue 150.00 156.00 162.32 
42 Contribution 60.00 65.15 70.52 
46 Prodn Overhead 21.67 20.00 18.33 
48 Sales & Admin 16.25 15.00 13,75 
50 R&D 10.83 10.00 9.17 
54 Net Profit 11.25 20.15 29.27 
64 Rtrn on Sales j 7,50 12.91 18.03 

System> 

FIGURE 4 
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Defin~ single line title 

Define single line coll.llll1 
headings 

•HELP' is available at any 
EPS prompt 

QTR4 YEAR 

168.83 637 .19 K 
76.13 271.79 K 
20.00 80.00 K 
15.00 60.00 K 
10.00 40.00 K 
31.13 91.79 K 
18.44 14.41 



Specifving The Repgrt. 

In order to produce "formal" reports, that is reports in the accepted standard 
of the organisation, it is necessary to use the REPORT cannand. 

This coDJnand will prompt.the user for a series of report specifications that 
define the content of the required report. 

These specifications allow the user to not only reference rows of information 
already defined within the model but also to define additional information such 
as page headings, paragraph headings, footnotes as well as additional sub­
totals etc. 

The default report specifications are extensive and thus a single specification 
may be sufficient to define a full report, however, it is more conmon that many 
of the defaults are adjusted throughout the report. 

The report specifications are fairly easy to interpret, thus WIDTH 10 SUPROW 
specifies that numeric fields are 10 characters wide and not the default 8 and 
also that the printing of row numbers is to be suppressed. 

Rows 18 or the shorthand R18, will include row 18 in the report including both 
the row name and the associated numeric values. 

Text 3 •Less Variable Costs•, will cause the specified text to be included 
starting at the 3rd character from the left. 

UDATA, causes the previous row of data to be underlined with a '-' character. 

SKIP, leaves a blank row in the report. 

AFTER •s•, causes a S sign to be printed after all subsequent numbers. 

Such specifications may be stored on a file for repeated use and any number of 
such files may be saved. 

In total there are over 60 such specifications, designed to allow the user 
total flexibility in the production of reports. Thus enabling organisation 
standards to be maintained. 

Ultimately, the report so defined may be produced from the DISPLAY command, see 
Figure 5. 

Naturally, the report may be produced on a printer as well as on the screen or 
alternatively saved to a file for later printing or for passing to another 
computer system. 
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System>REPORT USING /ABUDRl Recall previously defined 
report specifications 

System>DISPLAY 
Print the report at the 
terminal 

16:42:37 on 06/12/Bo 

MANCHESTER FACTORY REPORT 1981 

Sales Revenue 
less Variable ~osts 

Labour 
Material 
Carriage 
Energy 

Contribution 
less Fixed Costs 

Prodn Overhead 
Sales & Admin 
R&D 

Net Profit 

Rtrn on Sales I 

System> 

System>REPORT 
:LIST 

10 WIDTH 10 SUPROW 
20 ROWS 18. 

Ql'Rl 

150000 

30000 
45000 
10000 
5000 

60000 

21667 
16250 
10833 

11250 
===== 

8S 

30 TEXT 3'less Variable Costs' 
40 ROWS 32-38 UDATA 
50 ROWS 42 
60 TEXT 3'less Fixed Costs' 
70 ROWS 46-50 UDATA 
80 ROWS 511 UDATA'=' SKIP 

Ql'R2 

156045 

30300 
45450 
10100 
5050 

65145 

20000 
15000 
10000 

20145 
-----

131 

90 AFTER 'I' ROWS 64 SKIP UPDASH 

FIGURE 5 
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Ql'R3 Ql'R4 YEAR 

162318 168826 637189 

30600 30900 121800 
45~0 46350 182700 
10200 10300 40600 
5100 5150 20300 

70518 76126 271789 

18333 20000 80000 
13750 15000 60000 
9167 10000 40000 

29268 31126 91789 
----- ----- -----

181 181 14S 

List the report specifications 



What If? 

Having established a working model for the production of factory annual 
budgets, we are now in a position to use the model to evaluate the effect on 
Profitability of alternative courses of action, and changing economic climate, 
thus overcoming a known shortfall of the manual system. A number of commands 
are available to allow such analyses to be performed. 

The SENSITIVITY cOITllland enables us to temporarily effect our base data by the 
selective addition or subtraction of a percentage or absolute amount across a 
range of periods. 

Thus, for example, we can quickly examine the combined effect of a 5% wage 
increase from quarter 2, a price increase of 4% from quarter 1 and a loss of 
sales volume of 1% also for quarter 1, on the factory profitability. 

At the end of such an analysis the data resets to the base figures in order 
that additional analyses may be examined on an equitable basis. 

In the circumstance where the effects of a number of SENSITIVITY commands are 
to be compounded, then this is easily achieved by the SENSITIVITY LEAVE 
command. 

TARGl"'T is a powerful 'what if' command which enables one to work back from a 
target in order to determine the value of a variable required to meet such a 
target, for example what sales volume is required in order to give an annual 
return on sales of 20%. See figure 6. 
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System>SENSITIVITY 
Row, Change? 
:22,5 FOR 2. TO 4. 
: 16 ,4 
:14,-1 
:END 
Columns to list?l-5 

What if labour costs increase 
by 5S from quarter 2 
forcing a price increase of 4S 
causing a 1S fall in sales? 

Rows to list?14-22,32,42,54,64 

14 Voll.Ille 
16 Sales Price 
18 Sales Revenue 
22 Cost/U Labour 
32 Labour 
42 Contribution 
54 Net Profit 
64 Rtrn on Sales S 

System>TARGET ALL 

MANCHESTER FACTORY REPORT 1981 

QfRl 

990,00 
156.00 
154 .114 
30,00 
29.70 
65.34 
16.59 
10.74 

QfR2 QfR3 QfR4 YEAR 

999,90 1009.80 1019.70 ll019.40 
160.68 165.50 170.47 652.65 
160.66 167.12 173.82 656.05 K 
31.50 31.50 31.50 124.50 
31.50 31.81 32.12 125.13 K 
69.17 74.73 80.52 289.76 K 
24.17 33.48 35.52 109.76 K 
15.05 20.03 20.44 16.73 

Target row,column,value?64,5,20 
Variable row,colllllO,best estimate?14 

What would we need to sell 
to achieve an annual return 
of 20S 

Volume 

4060.00 
11864.88 
5023.64 
5061.13 

System> 

Iteration 

1 
2 
3 
4 

Rtrn on Sales S 

14.41 
19.08 
19.82 
19,99 

FIGURE 6 
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Diyisional and Company Consolidation. 

We will now recall that the Manchester Factory is one entity within the 
K.F. Ltd. company structure. The entire structure previously defined consists 
of 5 factories viz. Manchester, Newcastle, Leeds, Croydon and Bristol and 2 
Divisions viz. Components and Engineering comprising Manchester, Newcastle, and 
[.eeds, Croydon, Bristol respectively. · 

The Hierarchical Structure of FCS-EPS allows a canplete definition of KF Ltd., 
and the ability to maintain consistent data for each factory an~ division. The 
data is referenced by Section Nunber: 

1 - Manchester 
2 - Newcastle 
3 - Leeds 
II - Croydon 
5 - Bristol 

1 - Components 
8 - Engineering 
9 - KF Ltd 

The Hierarchy cOllllland is used in order to calculate all of .the sections of the 
structure and to perfonn Consolidations automatically, Figure 7. 

It is worth pointing out that this technique is equally valid for a structure 
containing many hundreds of sections an~ not just the simple case considered in 
this demonstration. 

lUJ:rar:cbical Consolidatign. 

Thus through utilisation of the HIERARCHY feature of the system we are able to 
define a consolidation method that is easily defined and maintained since it 
does not rely on any progrllllllling. 

In addition, by merely defining additional "hierarchies" we have the ability to. 
consolidate the company data from different points of view, for example product 
type, geographical area etc. 

Further, the ability to automatically carry out currency conversion, to perfonn 
full or partial consolidation and to carry out allocation of data throughout 
the structure are additional possibilities that require no progr<!Rllling. 

Finally, the ability to produce comparitive reports from selected sections of 
the structure is enhanced, Thus a fUll report for each section, Figure 8, and 
a comparison by time period or by row, Figure 9, are illllledi~tely available. 
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System>STRUCTURE 
Hierarchy File:/ABUDH2 
Logic file:/ABUDL2 
Data f1le:/ABUDD2 
First,last row in section zero?l,3 

Provide relevant infonnation 
before perfonning the 
consolidation 

First input row,last input row,last row to consolidate?l2,Bo,Bo 
Currency conversion required?NO 
Inflation calculations required?NO 
System> 

System>EDIT /ABUDD2 
•section 1 
•LIST 

ROW 12 
13 .oo 12.00 

ROW 14 
1000.00 1010.00 

ROW 16 
150 .oo 154.50 

llOW 22 
30.00 30.00 

ROW 24 
45.00 45.00 

ROW 26 
10.00 10 .oo 

ROW 28 
5.00 5.00 

ROW 46 
21666.67 20000 

ROW 48 
16250 15000 

ROW 50 
10833 .33 10000 

'END 
System> 

System>HIERARCHY FULL 
System> 

11.00 

1020.00 

159.14 

30.00 

45.00 

10.00 

5.00 

18333 ,33 

13750 

9166.67 

FIGURE 7 
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Section 1 contains the 
Manchester budget data, 

12.00 

1030.00 

163.91 

30.00 

45.00 

10.00 

5.00 

20000 

15000 

10000 

The logic is calculated for 
each section in the hierarchy 
after aggregating relevant 
input rows. 



System>REPORT USING /ABLIDHR Recall suamary report 
specifications 

System>DISPLAY SECTION 
Display only required 
sections. In this case, the 

sections?l ,2, 7 Components Division (section 
1 1 2 and 7) 

09:55:30 on 13/12/80 

HANCHSTR 

QTR1 QfR2 QfR3 QfR4 YEAR 

SALES REVENUE 150000 156045 162318 168826 637189 

CONTRIBllfIOH 60000 651115 70518 76126 271789 

NET PROFIT 11250 201115 29268 31126 91789 
------ ------ ------ ====== ------

RTRN ON SALES S 7.50S 12.91S 18,03S 18.44S 111.111S 

09:55:31 on 13/12/80 

NEWCASTL.E 

QTRl QfR2 QfR3 QTRll YEAR 

St.LES REVENUE 600000 609000 618000 627000 2454000 

CONTRIBUTION 1124000 1130360 1136720 443080 17311160 

NET PROFIT 338000 337060 335785 333122 13113967 
------ ------ ------ ------ -------

RTRN ON SALES S 56.33S 55,35s 54.33S 53. ns 54.77S 

09:55:32 on 13/12/80 

COHPNENTS 

QTR1 QTR2 QTR3 QTRll YEAR 

SALES REVENUE 750000 765045 780318 795826 3091189 

CONTRIBUTION 484000 1195505 507238 519206 20059119 

NEW PROFIT 3119250 357205 365053 3611248 11135756 
------ ------ ------ ------ -------

RTRN ON SALES S 116.57S 116.69S 46.78S 115.77S 116.45S 

FIGURE 8 
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SYSTEH>DISPLAY SECTION COLUMN 5 TITLE 
Title:1981 BUDGET 
sections?3-5,8,9 

09:57:29 on 13/12/80 

1981 BUDGET 

LEEDS CROYDON 

SALES REVENUE 152250 1773000 

CONTRIBUTION 85260 12056llO 

NET PROFIT -17416 978692 
------- -------

RTRN ON SALES S -11.44S 55.20S 

System>REPORT USING /ABUDR2 

System>DISPLAY SECTION BYROW 54 

10:01:03 on 13/12/80 

BRISTOL 

497lf15 

294800 

91587 
====== 
18.41S 

PROFIT REPORT 

QTRl QfR2 QTR3 

1 HANCHSTR 11250 20145 29268 
2 NEWCASTLE 338000 337060. 335785 

3 LEEDS -11500 -11590 -6006 
4 CROYDON 253500 21178110 242302 
5·BR!STOL 22500 2li000 24185 

7 COMPNENTS 3119250 357205 365053 
8 ENGNRNG 271500 267250 2601181 

9 K.F. LTD. 620750 62111155 625534 
====== ====== ====== 

System> 
FIGURE 9 
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Comparative report for any 
particular colllllrl (coll.lllrl 5 -
annual total in the example). 
Compares Engineering Division 
with K.F. Ltd. 

ENGNRNG K.F.LTD 

2422725 5513914 

1585700 3591649 

1052863 2488619 
======= -------
43.46S 45.13S 

Comparative report comparing 
any model row (row 54 - PROFIT 
in this case) 

QTR4 1981 

31126 91789 
333122 1343967 ------
-2320 -171116 

235050 978692 
20902 91587 

36112118 1435756 
253632 1052863 

617880 21188619 
------ -------



If desired a system utilising Menus may be created within FCS-EPS such that 
appropriate models can be operated by unskilled staff, 

One such situation might be the quarterly management reporting associated with 
the monitoring of the actual performance of the organisation. 

In the case of K.F. Ltd, a prompting system has been defined that allows frcxn a 
simple question and answer session a selection of reports to be produced, which 
incorporate data from the budget file, last years actuals file and this years 
actuals from the Naninal Ledger. The selected reports are by Factory and 
Period, and only valid combinations are available, see Figure 10. 

Cpnclusi on. 

A demonstration of the FCS-EPS Decision Support System has been given, during 
which a simple quarterly budgeting model has been produced for the fictitious 
organisation K. F. Ltd. 

The demonstration has illustrated the basic component steps in the creation of 
a decision support computer model and shown how such a model may be used to 
examine the uncertain future in a detailed manner that manual methods are 
unlikely to allow. 

In addiUon, we have seen how a basic two dimensional system of financial 
variables and time periods may be extended into the third dimension of 
hierarchical consolidation. 

Finally, it has been shown that by "black-boxing" a model of this type the 
benefits of the cornputer may be enjoyed by staff with the minimum of expertise. 
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WELCOME TO THE KF QUARTERLY UPDATE AND REPORTING SYSTEM. 

OPTION ? HELP 
OPTIONS ARE REP-REPORT QUIT 
OPTION ?REP 

PLEASE ENTER FACTORY NUMBER 
1 - MANCHESTER 
2 - NEWCASTLE 
3 - LEEDS 
4 - CROYDON 
5 - BRISTOL 

ENTER NUMBER NOW : 1 

QUARTER ENDING ? HAY 
INVALID - CURRENT QTR IS SEPTEMBER 

QUARTER ENDING ? SEP 

DO YOU WANT SUMMARY REPORT (Y OR N) ? YES 

KE O!JABTERLX suHHARY REfQRI - QUARTER ENPING SEPTf:MBER 

MANCHESTER fAClPRY 

LAST YEAR BUDGET 
--------

136290 156050 

27340 30300 
40100 45450 

9270 10100 
3605 5050 

55975 65150 

18900 20000 
152118 15000 
11600 10000 

10227 20150 
7.50S 12.91S 

REPORT FINISHED 
OPTION ? QUIT 

ACTUAi. 

SALES REVENUE 155200 

VARIABLE LABOUR 31320 
MATERIAL 112860 
CARRIAGE 101150 
ENERGY 4836 

CONTRIBUTION 65734 

OVERHEADS PRODUCTION 22610 
SALES & ADHIN 131190 
R & D 11400 

PROFIT 18234 
PROFITJREVENUE 11 • 75S 

KF QUARTERLY UPDATE AND REPORTING SYSTEM TERMINATING 

FIGURE 10 
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j VAR j VAR 
(BUD) (LY) 

( 1) 14 

3 15 
(6) 7 
3 13 

(It) 34 

17 

13 20 
(10) (12) 
14 (2) 

( 10) 78 



REMOTE LINE-PRIN1'ING 

by 

Michael P. Mansfield 

Managing Director, Al Peripherals Limited 

During the last five years there has been an increasing 
trend towards moving the line-printer out of the machine 
room and into end-user environments. Tbis paper examines 
this trend and describes in some detail Al Peripherals' 
unique offering in the remote printing development. By 
remote printing we mean high-speed, high volume printing 
accomplished by impact or non-impact line-printers at a 
distance from the CPU. 

First it should be noted that remote printing is nothing 
new. Minicomputers have supported serial printers through 
their communications ports for many years. These devic~s 
fall into two categories, viz the classic KSR teleprinters 
such as the Teletype 33, and second the receive only 
printers such as the Digital Equipment LA 180. 

As users' needs outgrew the capabilities of the serial 
printer both in through-put and in duty cycle requirements 
the obvious solution has been to replace the serial 
printers by line-printers. This has conunonly been done in 
three ways. First, serial asynchronous interfaces such as 
RS232, i.e. speeding up the existing link. Second, long 
lines for paralled connections up to 1000 ft. Third, 
remote batch protocol emulation, such as IBM 2780 or 3780. 
We now introduce a fourth solution which is the Remote 
Line Printer System (RLPS). This combines many advantages 
of the existing three methods while adding several of its 
own. 

When choosing a remote line-printing solution there are 
five major considerations that should be bourne in mind. 
The distance of the printer from the CPU; the duty cycle 
needed; the through-put required; the price sensitivity of 
the application; and the level of data integrity required. 
In a few applications these five criteria may be equally 
important. However two factors, the distance from the 
host computer and the data integrity required, usually 
outweigh the others. 
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Consider, then, the advantages and disadvantages of each 
solution. First, long lines. The primary advantage of 
the long lines solution is that it imposes no operational 
change or other overhead upon the system. The printer can 
be driven at maximum through-put just as if it were a local 
printer. There is no additional cost for communications 
hardware or line charges. The disadvantages are that long 
lines are limited to around 1000 ft; the labour and 
problems of laying such a long cable; the cable expense 
itself (approximately £1 a foot); and the inflexibility of 
moving the printer once installed. 

Second, the asynchronous serial interface. RS232 is the 
most commonly used serial interface and has become the 
de facto standard for mini and micro computer remote 
connection. However, for line-printer applications this 
method has serious disadvantages. A heavy asynchronous 
load can degrade a minicomputer's performance by as much as 
30%. This occurs because, in most asynchronous serial 
environments, the CPU is interrupted for each character 
transfer, while for line-printers the interrupt is only 
once a line. This means also that the maximum speed that 
can be obtained from, say, a 1000 line/minute printer over 
a 9600 baud line is only 550 lines/minute. Data integrity 
in this environment also suffers, unless costly intelligent 
modems or multiplexors are used to effect error detection 
and re-transmission. F'or a given speed of printer.serial 
asynchronous interfaces also require costlier, higher speed 
modems than does our own RLPS system. 

To make full use of modern high-speed line-printers users 
often want to take advantage of features such as direct 
access vertical format units (DAVFU), paper slewing, 
variable line pitch, etc. These characteristics are not 
available on serial devices. This may necessitate special 
communications hardware and software such as device handlers 
which tend to be a very specialised thing to produce. In 
addition separate versions of the applications software may 
be necessary for both local and remote printing. 

Thirdly, the synchronous protocols. High-speed remote batch 
printing has evolved primarily in the main frame environment. 
In this configuration remote printers are interfaced to the 
host CPU over telephone 1 in es. Each mainframe manufacturer 
supports remote processing through its unique protocols. 

In the minicomputer environment sbme users have elected to 
emulate mainframe protocols to benefit from their error 
detection and re-transmission features and higher through-put 
than asynchronous interfaces. 

Users who go for this solution are limited to one protocol 
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per remote line printer. As with serial asynchronous 
interfaces this approach requires special communications 
hardware and software, and usually also means separate 
versions of the applications software for local and remote 
printing. 

The user should be well educated in the protocol he elects 
to use since he will usually have to develop his own 
programs. While synchronous protocols offer a superior 
alternative to RS232, they usually place more overhead 
on the CPU and certainly more than our own RLPS. They 
often require additional and expensive hardware, such as 
synchronous interface boards. 

So now let us examine a new alternative to the systems so 
far discussed, the Remote line Printer System (RLPS). This 
system has been developed over the last 12 months by 
Digital Associates Corporation of Connecticut and is 
supplied and supported here by Al Peripherals Limited. 

The RLPS appeals to banks, service bureaux, and multi­
location companies where a volume of high-speed printing is 
required in remote locations. 

Figure 1 shows a typical configuration. Operating through 
the parallel printer port of the CPU, the RLPS configuration 
consists of a parallel-to-serial transmitter, a serial-to­
parallel receiver, a printer, printer controller, and 
modems or mul.titilexors as required. 

Figure 2 is a block diagram of the RLPS itself. The 
microprocessor-based RLPS transmitter unit accepts data in a 
paralled mode, converts it to serial data, blocks and 
compresses it, checks for errors, and the1) transfers the 
serial data to the modem. 

At the remote location, the nearly identical RLPS receiver 
accepts the serial data, converts back to parallel, unblocks 
and decompresses it, again checks for errors, and transmits 
it to the line-printer. 

The HLPS can be connected in a number of different ways. 
Direct connect configurations (see Figure 3) are for 
applications within the same building or site. The RLMS µn:l,ts 
are connected by a cable providing two twisted pairs. 
Total cable length is about 4-5000 ft. In the direct 
connect configuration the RLPS may be operated up to 56K 
baud for maximum through-put. 

In a private leased line configuration (see Figure 4) the 
RLPS operates via a leased 4 wire telephone circuit and 
RS232C synchronous modems or multiplexors. 

In some cases it is feasible to use local area data sets 
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or line drivers (often up to 6 miles) as shown in Figure 5. 

Finally the switched network allows use of the normal 
telephone system (see Figure 6). Auto dialling equipment 
may also be used and this system is ideal where print volume 
does not justify a leased line or where jobs are printed 
from one or more CPU's to one or more remote printers. 

So what are the advantages of the RLPS? 

The single biggest advantage of the RLPS is a significant 
reduction in communications costs associated with remote 
printing. By accepting data from the CPU in the more 
efficient parallel mode, compressing it, and transmitting 
in a block mode fashion, the RLPS can double or triple the 
through-put of RS-232 connected line printers. This 
improved through-put results in lower line costs in a 
dial-up environment and in a dedicated line application, it 
frees up the line for other tasks. Additionally, the RLPS 
permits the user to reduce co11111unications baud rate and 
modem requirements: 

2,400 Baud 

4,800 Baud 

9,600 Baud 

300 lines per minute. 

600 lines per minute. 

1,000 lines per minute. 

For applications requiring even greater through-put, the 
RLPS can be operated at 19.2K baud for speeds up to 1800 LPM. 

Unlike a serial asynchronous environment, a dial-up line 
can be used up to 4,800 baud, again resulting in savings. 

Because the RLPS is the only existing product to operate 
from the printer port, no special communications hardware 
or software is required. It looks like a local printer to 
the CPU. 

All users have the same version of the applications program, 
and all line printer functions remain available. No 
reprogramming is required at the host or remote sites for 
the addition of multiple remote users, since the same 
applications software is used in both. 

By assuming the burden of the communications protocol/overhead, 
the RLPS virtually eliminates the host processor degradation 
which occurs when a high-speed line printer is remotely 
connected through the minicomputer's comm port. 

The RLPS employs automatic line hit/error detection and 
re-transmission. This feature not only ensures data 
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integrity for critical applications, but permits the use 
of less costly "dumb" modems. 

In summary the comparison of RS232 versus RI..PS is shown 
in Figures 7 to 9. 

As an example, the RLPS is being used by a large US East 
coast service bureau in the banking environment. Because 
of the high volume of printed output necessary they could 
not drive a high speed remote printer at the required 
speed at subscri.ber locations using the RS232 interface. 
Their solution to this problem was to do all their volume 
printing on second shift, then hand carry printout to the 
airport during the third shift and fly the output to 
subscriber sites. Certainly an expensive solution. 

Their second solution was to place a separate minicomputer 
at each of their subscriber locations in order to 
communicate with the central site CPU and drive a high 
speed line-printer. Now with the RLPS they have high­
speed, high-quality output at remote subscriber locations 
without the expense of a minicomputer - in this case a 
$30,000 saving per site. 

The RLPS has a couple of useful extra features. There is 
a programmable auto dialling system which stores up to 
50 'phone numbers. There is an auxiliary asynchronous 
channel which provides a stat. mux. like circuit, 
permitting a terminal to be installed at the printer site, 
creating a "mini" RJE station. 

Future additions to the product will include more auxiliary 
channels and a remote spooling system. This will use a 
Winchester disk to ·store print data when the printer is 
off-line, or when the data flow exceeds the printer speed, 
or to hold and reprint data files that have already been 
transmitted. 

The only disadvantage of the Remote Line Printer System is 
its initial cost of £4,500. However, we believe this will 
be quickly recovered as the RLPS represents the only cost 
effective solution for high volume remote printing 
applications where data integrity and minimising 
communications costs are paramount. 
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Michael P. Mansfield 

Michael Mansfield is managing director of Al Perip~~Fals 

Limited, iudependan.t suppqers of the la,gest rangE:) of . . . 
line-printers and interfaces in the U .IC He has w<:n:·~ed 

extensively in the computer and peripherals busin~ss 

including being sales manager for Datafroqµcts, 9K aP4 

district sales manager for Hewlett-Packard. 
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RS-232 V.S. RLPS 

• At 2400 baud you get approximately 190 LPM • At 2400 baud you get 300 LPM. 

• At 4800 baud you get approximately 375 LPM • At 4800 baud you get 600 LPM. 

• At 9600 baud you get approximately 550 LPM • At 9600 baud you get 1000 LPM. . 

FIGURE 7 

RS-232 V.S. RLPS 

• No error detection of line hits or 
transmission iaults. 

• Requires special communications 
software handlers. 

• CPU degradation up to 30% for 1000 
LPM line printer. 

• Automatic error and line hit 
detection, as well as automatic 
retransmission. 

• Standard operating system software, 
no specials. 

• No CPU degradation at any speed. 
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FIGURE B 

RS-232 V.S. RLPS 

• Requires higher speed modems and 
costlier lines. 

• Frequently requires separate versions 
of applications software for local 
and remote users. 

• Saves money and time on both modems 
and lines. Cuts costs in half! 

• All users have the same version of 
the applications program. 

• Otten requires special communications • No special communications hardware 
hardware tor the CPU. required for the CPU. 

:FIGURE S 

63-14 



FJ.:W HEWLETT Systems Performance Team, SYSTEMS MARKETING CENTER lf/!,a PACKARD 19447 Prunerldge Avenue, Cupertino, CA 95014, USA 408-725-8111 

Technical Publication Costs Cut 
In Hal~ with Laser Printing 

Steve Wilk & Sam Doles 

Hewlett-Packard 

Synopsis 

Technical publications enjoy all the sta11dard maladies o/ other 
publications: the high cost o/ type-iettlng, the rising cost of prlntl111, the 
lung tur11-aroui1d tfme from camera-ready copy to multiple cople~ ready 
for distribution. But technicaljublicatlons tenil to be unique - - at least Iii 
aegree -- In their volatility an the urgency of timeliness. 

Hewlett -Packard. by being In the comJ)uter buslneu1 Is by definition In the 
technical publication business. An HP team of deve OP.ment engineers and 
f!er/ormance engineer/; have Implemented a methodolog)! using HP 3000 
ilocument processing acllltlef and the HP 2680 la1er printer to cut time 
costs and Jollar costs 11 half for lnternal-1rade technical publications. 

The Problem 

Where It All Begins 

This story begins In the Performance Center 
of the Hewlett -Packard computer fachlly In 
Cupertino, California. That's where we work 
as part of the Systems Performance Team 
running customer benchmarks and doing the 
performance characterization of many of 
Hewlett-Packard'• hardware and 1oflware 
products. 

Dig-Ticket Benchmarks , , • 

As any of you who've done a benchmark 
know - - perhaps too wen - - they're 
expensive. A complex benchmark amutatlng 
a hundred-terminal Interactive load across a 
range of Job mixes and configurations can 
cost tens of thousands of d0Har1 - - even 
hun·dreds oJ thousands. 

•.. and What They Duy 

Thru such benchmarks our Systema 
Performance Team generates some very 
valuable Intelligence on'a variety of HP 3000 
configurations u wen u performance 
optimization techniques. 

Thia lntelllgence has a flavor to II that 11 
uniquely real-world. The benchmarks are 
run with customer data against customer 
files that often are taken dlrectty off a 
customer's production system. 

Till• performance lntetffgence 11 a110 leading 
edge. The benchmarks are often run on 
newly -released or pre -release products. 
The environment ts such that we can 
experiment wlt.h conrt11uratlon1 to calibrate 

u1ln1 Jh• HP 1680 Lour Ptln,.r 
and H1wl11t-Packar4 Solu•lon 
So/lwo,.• 011 •111 HPJOOO Compufcrr 
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r//;'I HEWLETT 
1:/:..1 PACKARD 

Systems Performance Team, SYSTEMS MARKETING CENTER 
19447 Prunerldge Avenue, Cupertino, CA 95014, USA 408-725-8111 

T1ehnlcal Publlcarlon Casis Cur In Hal/ wlrh La .. r Prlnrlnr 
Sr.v• Wilk&. Sam Bol•s. HPJOOO Uurs Group, 191J 

resource sensitivity: changing, running, 
measuring time after time, validating or 
rejecting our hypotheses, each time 
understanding the subtle Interplay of system 
concurrencies a little better - or at least 
appreciating the limits of our 
understanding a little better. 

The environment also enables us to deploy 
speclalisti on special Issues. II It's an ATP 
timing delay Issue or a VIEW screen 
download Issue, we can get the lab •><pert -
perhaps In the ne><t building - to bring to the 
problem the level of e><pertlse unique to the 
author of the code or the designer of the 
board. 

A Central Clearlng"'llouse 

The Per rormance Center then Is the forum 
for the early encounters ol our products and 
your world. It has the hardware and 
software resources, the human resources 
and tht Instrumentation and metrics to 
derive valuable Intelligence from these 
encounters. 

So What's The Problem? 

The problem Is disseminating that valuable 
Intelligence. Sharing with the HP support 
organlzatlon around the world, and, thru 
them, the customer base around the world. 
L,everaglng the heavy Investment In 
performance characterization of HP 
hardware and software products. Basically, 
spreading the word. 

The Dirth of pn • 

Last year we decided to establish a formal 
mechanism to communicate our performance 
lnforma}lon to the lleld. It's name ended up 
as Per ormance News Notes -- or pn • 
as we affectionately nick -named It. It's a 
monthly publication. 1 o to 20 pages In length 
!for 1 -shot reading). It's current circulation 
s 21100 reader• In the HP organization 
around the world. 

In our original specifications we set out some 
objectives for the publication: 

Quality: It didn't need to be slick and 
In color, but It did need to be readable 
and professional In appearance. 

Cost: we always aim at zero and 
compromise to the extent that quality 
and other necessities dictate. 

Speed: It had to be fast. Especially 
with new product characterization we 
couldn't tolerate a multiple-day 
multiple -lter a lion typesetting cycle, 
and a 4 -day to 2 -week printing 
cycle. But our cost objectives 
wouldn't allow the premium to 
expedite these cycles. Also we 
wanted to use the HP bulk maH 
system to minimize national and 
International distribution costs, so 
labeling and sorting speed were 
another consideration. 

Flexibility: II had to have graphics 
capablUty since much of our 
Information Is best communicated In 
graph form. It needed multiple 
character sets for more Intelligible 
typography. 

u1in1 the HP 2610 Lour Pdnl•r 
ond Hewlett-Packard Solullon 
So/swore on lhe HPJOOO Compu11r 
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The Solution -- Set-up Phase 

The Laser Printer 

We decided lo try the Laser Printer. It 
looked like a reasonably good flt for our 
quality, speed, cost and fle>dblllty 
objectives. We had an HP2680A on one of 
the systems In our department, so we gave 
It a go. 

Getting Started with IDS/3000 

We spent a rew hours getting set up. We 
11sed IDSCHAR ("IDS" means Interactive 
Design System) software and a 264 7 
graphics terminal to design our logo. That 
took. a couple of hours, counting the 
tweaking that you're always tempted.to do 
even though you're the only one who'H ever 
notice that one dot out of the 180 per Inch 
I.hat's a little bit out of line. 

Then we moved Into forms design with 
IDSFORM software •nd the 264 7. We 
needed a title page and a malling label page. 
This took about 2 hours, plus another hour 
or 2 of moving things around tlll everybody 
-- or almost everybody -- was reasonably 
happy. 

IFS/ 3000 for Device Specifics 

IDSCHAR and IDSFORM generate dot 
matrices and vectors that are 
device -Independent. This data Is then 
compiled by IFS 2680 ("Ifs• means 
Interactive Formatting System) Into an 
ENVIRONMENT file that Is compatible with a 
specific 110 device, eg the HP2680 laser 
printer. So we used IFS2680 to compile our 
ENVIRONMENT epeclflcatlons Into an 
ENVIRONMENT file that the HP3000 could 
then download to the laser printer. 

The ENVIRONMENT flie loads character sets 
(up to 32 different character sets at a time) 

•nd forms (up to 32 different forms at a 
time) Into the memory (we have .a megabyte 
of main on our HP 2680) that's used by the 
processor In the laser printer to control the 
laser so you ret an 8 -point Helvetioa Bold 

~i~ti~ct,:.'o~ME~1~11r: ~o~a~~~~~~·r ~g~i~' 
two till we were satisfied. 

In an we probably spent about a day getting 
set up. Some of thl1 time was learnl111 
curve and some was that •one last touch• ol 
the amateur artist, but most was the time 
neceuary to design the form or logo and 
enter the points ana other specs. 

The real advantage was the fact that we 
could do It an ourselves without the 
1tart-stop Iterations, queues and 
communications entropy of a graphics 
department. The Initial set up was done In 
one continuous uninterrupted block of 
time. There were no meetings or key 
resources to achedule. There was no •now 
let me see where I was two days ago when I 
last worked on this• re-think time. 

(Of course, the only time you can get that 
big a block of uninterrupted time Is on 
weekends, so the one -day set up lime didn't 
cost the company anything.) 

Typesetting and Composition 

We chose TOP (Text and Document 
Prooessor) for this because we wanted 
2-column capabllltles (to enable speed 
readere to bounce only vertically) and right 
lustlflcatlon of proportional character sets 
to get more balanced "Llnotyplng"). Al10, 

we needed the capability ot lncludli\g chartl 
from DSG !Decision • Support Graphics) 
Integrated with the text. 

We Included several character sell In our 
ENVIRONMENT tile: 

u1ln1 1111 HP Ztl80 La.,r Prln,.r 
o•d H•wl•H-Poclard Sol111lon 
So/1wor1 on lh II P 3000 Compu11r 
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Helvetica Bold: 8-, 14-, 24-polnt 
Helvetica Italic: 8 -point 
Roman Bold: I O -point 
Roman Italic: 1 O -point 
Line. Printer: 8 --point 
Math: I 2-polnl 
Inverse Line Printer: I 2-polnt 

We specified the appropriate FONTID'a lo 
TOP lo couple with the ENVIRONMENT file 
specified margins, columns, page length, and 
the like and proceeded 10 do our typesetting 
and layout. 

For the layout of charts (bar/line/pie) from 
DSG and IUustratlons from HPORAW, we 
found that we. were doing a lot of trial and 
error r.11cemenl, 10 we tel up a template 
like th I: 

/e ILLUSTRATE rasterfHe 
/NAME RASTER rasterflle 
/ILLUSTRATE f19uref11e:f19ure #lines 

W11 would NAME the raster file each time we 
changed the size or the figure (having 
expllcltly purged tile old . raster Ille as 
needed) and therefore had to do another 
vector-to -raster conversion via the 
ILLUSTRATE command. Then for the next 
pass we'd comment out . the NAME and 
second ILLUSTRATE, and de-comment the 
first ILLUSTRATE so we pulled In the raster 
form without having to do a 
vector-to-raster conversion when not 
needed: 

/ILLUSTRATE rasterflle 
I• NAME RASTER rasterflle 
I• ILLUSTRATE flgureflle:flgure 

#lines 

This lacllltates getting charts Pke the 
foHowlng Integrated with the text: 

usln1 lh• HP 2680 Lo"r Prlnrtr 
and Jl•wl,tl-Potkard Soludon 
Sof1wor1 on •h• HP3000 Compullr 
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HP3000 Performance Profiles 

s'liies 
--.--

25 

20 

15 

10 

5 

0 
)(.I 

MIPS 

)(It.lb 0 )(10 

Memory Terminole Oise 1/0 
(1raphic• by OSG/JOOO) 

( Serl•f. Ill) 
Ementu1 

)( IOK 

Min Sys$ 

-4 ... 

This template technique we extended to the 
Issue level, so tor the subsequent Issues the 
engineer who had resr,on1lblllly for that 
IHue could "cookbook" rom the archive flle 
of the previous luue without re -Inventing 
the TOP command•. Thl1 aavu time ana 

gives consistency lo the appearance of the 
publlcatlon. 

We ran through a number or Iterations on our 
flrat luue, balancing .,twork, pollclng 
"widows" ITPP can do a 101 or this 
automatlcally), cleaning up typo'• and again 

uslnr 1/11 HP 2680 Lo11r Prln11r 
and ll1wl.n-Podard Solution 
Soflworo on 1h1 HP JOOO Comput1r 
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falling Into the "one last touch" syndrome of 
the amateur artist. Once again we round a 
significant productivity surge In cutting 
out the middleman -- this time the 
typesetter. We could do a lot of the local 
typesetting on the fly as we wrote the 
articles at the terminal. The global 
typesetting and layout commands were 
largely templated (about 7 5%) from the 
previous Issue. The cut-and -paste we did 
by computer. And the Inevitable last -minute 
"stop-the-presses" newsflash could be 
accommodated with only a llttle pain in a 
matter of minutes rather than days via the 
typesetter's queue. 

Then finally, there we were with our first 
Issue, camera -ready. We had done the logo 
and forms design, the typesetting, the 
graphics and the layout. We were ready for 
the printer. 

We went to our In-house offset service. 
They were booked solld for the next week 
and a half. That was t O days. We couldn't 

wait that long. If we paid the exredlte 
premium we could get It by the end o next 
week. That was 5 work days. Better. but 
stlll not good enough. 

What to do? 

It was then that someone said, "Why not do 
It on the laser?" 

"The whole thing?" we said. 

"Why not? It prints 45 pages a minute." 

The next day was Saturday. There's only 
sporadic use of the laser printer weekends 
(especially since we had finished our 
prototype the previous weekend). We 
needed 1 300 copies at 1 2 pages each. 12 
• 1300 = lli,600 pages. 15,600/45 -> 
34 7 mlns -> 6 hours. 

II looked do -able . . . were we In for an 
unpleasant surprise. 

The Solution -- Manufacturing Phase 

We decided to give It a go. That Saturday 
morning, we sel OUTFENCE 1 O to prevent 
Interleaving by random print-outs and to 
enable us to drain the queue as needed but 
In a controlled fashion. We did a HEAOOFF 

!~r~o :,~v~1J!P~f>t~?ti~t~C,,~ ~~~ :,r~1t111fi~ 
to suppress the TOP message at the end. 
We set COPIES= 120 on the SPOOL file to 
get multiple copies. And we were off and 
running. 

But not for long. 

We found that after the first copy, the 
whole SPOOL file (Including the heavy -duty 
ENVIRONMENT portion) was being 
down -loaded. Because our ENVIRONMENT 
file had so much In II, the laser printer was 
going Into a warm-up cycle between each 
copy. (To conserve energy, the Infra-red 
fusing drum cuts off If not In use for a few 
aeconds, then It has to warm up to the fusing 
temperature before the printing resumes.) 

This cut our print rate to 1 O pages a minute. 
Our 6 hour print Job now looked like 211 - - If 
everything went weH. And Mr. Murphy, the 
silent partner In all such pioneering ventures, 

usJnt tis. HP 2680 f,,,aur Pr•n1er 
'1nd H1wl.i1-Packard Solt4tion 
So/1ware on 1h1 HP 3000 Computer 
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said that was not likely to happen. Besides, 
we were getting an extra page rrom TOP 
and that meant every other copy had to be 
refolded lo get lhe cover on lhe rront. (We 
used an even number or pages 10 prevent 
lhis bul II wasn't workln9.) 

SPOOK lo the Rescue 

We were just about 10 hang It up and wait 
the 1 0 days for Ille "real" printer to do the 
Job when someone said, "Why not use the 
SPOOK APPEND command, build a new 
SPOOL file with one copy of the 
ENVIRONMENT and muftlple copies Of the 
text. We can even cut out the extra pa9e In 
the process.• 

we tried II and It worked. The print speed 
was up to 35-40 pages a minute -- not far 
from the 4 5 ppm rating of the HP26BO. We 
decided to give It another try. 

But before we got started, someone said, 
"How about those name -address labels we 
were going to print separately on the 

r~::fnd ~~?i;k w;-d::'~~e ds~M~r i~~~~~1~~ 
solve the perrormance problem?" 

Labels on the Fly 

We had already tried the TOP MAILER 
facility to do this. The MAILER Is good tor 
multiple addressees for text that does not 
have a heavy FINAL formatting load, since 
Its formatting performance Is about O(n). 
With 1 2 pages of 2 column right-Justified 
proportional text plus 8 graphics Inserts, we 
were taking several minutes for a FINAL 
even with the graphics already In raster 

~oj~gtFINA.~t ·~1~~ ~=~::::~~~.~:~~cR1v~~= 
was not operallonaffy feasible, but 1 SPOOK 
APPEND splice might be. 

We tried It. The redundant APPEND'• (you're 
APPENDlng a teKt set for each addressee 

and an ENVIRONMENT set for each 10 -1& 
addressees) builds at a slower (about 2x) 
rate than your printing rate. ff you have 
enough temporary disc space, you can fire 
up the APPEND's Friday night, start your 
r.rlnllng Saturday morning and have a fairly 
evel work pressure for lhe operator who'• 

~~~r~b~t~n ·~!~':~P.· ~~d ~~~s ~~~9s:~~ l~: 
time tor the label stick-on step. 

It wasn't elegant, but the prolotyf,e was 
functionally and performance-wise easlble, 
so we launched It. 

Short on Finesse, but II Worked 

Well, with that prototype methodology, we 
managed to brute -force the first Issue In 
about 18 hours. (The 18 hours Includes 
some cockpit errors I'd rather not talk about. 
Lei's Just say that engineers are not 
necessarily the best operators.) Not exactly 
the 6 hours we had dreamt or - - but we had 
beat our alternatives by a week or more and 
had established that we had the technology 
and It was just a SmaH Maller Of 
Methodology (remember "SMOP" of large 
Systems Games fame: Small Maller Of 
Programming ... well, this Is "SMOM"I that 
needed lo be developed. 

By the third Issue (If you want to find out 
how short a month Is, commit to getting out a 
monthly publication), we got a bit of 
prototype software and STREAM commands 
In place to make our brute force 
methodology a little more tolerable. 

Later, we contracted a 17-year-ofd student 
who's working his way thru college doing 
laser typesetting and printing. Off -loading 
the grunt work to the student has freed up 
engineering resources that can be used to 
get the methodology to an operationally 
sound condition. 

usint th1 HP2680 Loser Printer 
gnd Hewlett-Puclc.ard Solurfon 
So/1war1 on 1h1 H PJOOO Compurer 
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The Results 

Structured Development 

The approach we've used In evaluating laser 
technology for typesetting, composition and 
low/medium volume printing Is an extension 
of Structurlsm. We're an aware of 
Structured Programming and Structured 
Design. This Is Structured Development or 
Prototyping. 

We did the first Issue with engineers doing 
the operations, throwing together ad hoc 

software as necessary to establish that the 
technology la capable of producing the 
results. That's established now. 

In the next step of development we 
prototyped some software In BASIC and 
PASCAL to automate some of the more 
onerous clerical procedu1es. The Idea here 
was that If a viable methodology for 
production were not attainable, we would 
throw away less code of less value. 

(9rophlc• by HPORAW) 

With the crude prototype In place for more 
than 6 Issues, we've seen some Interesting 
results: 

I 2 page performance news notes 
2 column right Justified proportional 
7 fonts, 8 pieces of artwork 
(bar and llne charts, Illustrations) 

1:00 PM Friday: last text edit 
6:00 AM Monday: 1700 copies printed, 
pre -sort labeled, split 

Variable coat: $500 

varlable cost Includes labor1 paper, toner, 
carrier, drum cost and ma ntenance. The 
machine Is Idle otherwise, so the aunk costs 

11.dn1 rh1 HP 2680 Laur Prlntlr 
ond Hewl1U-PackorJ Solution 
Software on #he HP 3000 Compu11r 

64-8 



FAQ"I HEWLETT 
~al PACKARD 

Systems Performance Team, SYSTEMS MARKETING CENTER 
1944 7 P1unerid9e Avenue, Cupertino, CA 95014, USA 408- 725-8111 

T1chnlcal Publka,,on Coils Cul In Hui/ wllh La.ur Prlnllnt 
s .. ., Wiik A Som Boin HP JO()() Uurs Group, l98J 

of printer depreciation, real estate etc. are 
excluded. 

As word spread on the results of laser. 
typesetting, layout and printing, we applied 
the methodology to other publications. 
Here's a recent scenario that may have set 
a (world-class?) record: 

Friday at 3:00 PM, a marketing manager 
asks If It's possible to have t 000 copies of 
a 20 page (II charact~r fonts, 2 column, 1 
piece of artwork, no labels) strategy 
document by Monday ( 3 calendar days 
away). 

Friday night: Logo design done, forms design 
started, preliminary environment tne 
compiled. 

Saturday: Sample of cover page and first 
te><t page built, reviewed approved. Text 
data not yet available as ASCII file. 

Sunday 11:30 AM: Te><t data ready tar 
typesetting to start. 

Sunday 4:00 PM: last edits made to text 
fife. 

Monday 3:00 AM: Last of 1000 copies 
printed using 3 laser printers (extras Idle on 
graveyard shift Sunday night). 

we normally call 5:00 PM Friday 1111 8:00 AM 
Monday 0 business days. Technically, 11:00 
AM Sunday till 3:00 AM Monday la perhaps a 
turn -around of -1. & days. In our 
experience, negative turn -around time Is not 
all that common. 

Futures 

our evaluation of the prototype Is p~sltlve. 
We've saved at least $5,000 on pn alone, 
which annualizes at over $10,000. 

We are currently evaluating a phase I 
production version that Is operationally 
sound and simple and may have a 30-&0% 
performance Improvement (over the current 
label splicing methodology.) This would be 
non-supported contributed library class 
software. 

This same facility may be expandable to 
Include a serial number of each page lor 
sensitive "Do not copy" documents. The 
control Ille for this may be the 
name-address Interface Ille enhanced. This 
would be non-supported contributed library 
class software 

Long-term, we see satellite communication 
to tleld offices of the "spool file" equivalent 
and the generation of hard copy as needed 
at the field location. 

Conclusion 

The tact that we are continuing to use the 
prototype version of the laser 

~lfi::~~!'"~/"l~~ln~cono~~th~~,j"°fJnctlon~ 
leaslblilty. The fact that we are Intending to 
Invest the engineering to productlonallze the 
methodology reflects that It has potential 
tor material contribution In the near term. 

'"'"' 1h1 HP2680 La:ser Prlnler 
and llewleu-Packard Solution 
So/twar1 on lh1 IIPJOOO Computer 
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UP3000 .lllii. Meeting - Edinburgh PRESENTATION AQS'l'RACT 

.Hftl( product announcements .f.u2m Direct 

Bernard Loyell 

overview 

The personal computer has alteady moved into the corporate 
environment to addtess the needs of executives and managers for 
desktop computing. But the personal computer does not integtate 
well into the existing cotporate computing envitonment. 
Integration has four components: 

1. Running host application ptogrammes as a VDU. 
2. Data exchange between host and PC 
3. Compatible data structures on host and PC 
4. Integrated host/PC applications. 

Integrated Personal Business Computing (~) is the fulfillment 
of these four levels. Without IPBC, the performance of a 
personal computer may not justify the expense of intalling it on 
critical departments or offices. 

Direct's solution is the 1025 and the new 1625 workstations. 
By investing in one of these IPBCs, the users gains both terminal 
and petsonal computing capabilities in one compact desktop unit. 
Extensive options include gtaphics, modem and hatd disk storage 
fot the 16 bit 1625. Compatible data base structure between the 
IPBC and the host 3000 allows infotmation to be shared throughout 
the otganization, without te-keying or duplication of data •• 

l.6.2.5. specification 

Tetminal processing: full Ditect 825 petsonality with block mode 
and 321< of video RAM. Terminal mode is selected by a single key 
combination, even within application ptogrammes. 

Local ptocessing: Choice of MS/DOS or CPM/86 operating system 
running on an Intel 8088 microptocessot, CP/MBO 8 bit code also 
executes via a Z80 CPU. 

Local storage: twin floppy disks of 2 X 320 Kb, or Winchestet 
with single disk backup (10,20 and 40MB configuration). Disk 
format is IBM PC compatible. Ditect 1025 fotmat is also 
supported by a soft-sense mechanism which reads and executes 8 
bit progtammes. 

IBM PC compatibility: the 1625 allows the uset immediate access 
to IBM PC software .w.itllim.t convetllin via IBM disk fotmat, IBM 
compatible opetating system, IBM/HP dual function keyboard and 
IBM screen addtessing. 
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IMPROVING HARDCOPV OUTPUT 

FOR BETTER EFFICIENCY 

By Matt Cuson 
Hewlett-Packard 

European System Printer Product Manager 

Does your desk seem to attract paper at an ever increasing rate7 Do people ask 
more from you, your job and your department than they did in the past7 Do you feel 
constrained by the system regarding how you do your work7 Remember when we 
programmed the s~'"tems to work for us; have they programmed us to work for them? 

Sound familiar? Welcome to the exploding world of information. Computers generate 
an ever increasing amout of data. This increase leads to increases in information 
exchange AND increased pressure for individuals and companies to keep up. The pace 
will not slar.ken, it will accelerate. How can we cope? We cannot work beyond our 
physical limits; we must adapt to, the changing environment and take advantage of 
the resources we have available. By working smarter rather than just faster we can 
avoid becoming a casualty of the information explosion. This paper discusses ways 
to cope with and even control the information explosion by improving hardcopy 
output. 

When the big push for computer systems first started, computers freed time for us 
to work on other aspects of the job. Automation yielded time savings by speeding 
up manual systems. Fewe1· errors were made, processing was done faster. Computer 
systems input, check, process, sort, store and, print data faster than we could 
ever hope to process manually. The proliferation of computer systems from micros 
to the super big and fast mainframes augments the already rapid pace of information 
processing and exchange. The result is that each day we face more information from 
more sources on more varied topics than the day before but our time per work day is 
still 8 hours (ok 9,12,1~ hours). 

Computers have helped us work faster. But alas, there is a limit. New systems 
implemented with the old approach will not yield the same significant results of 
the past. Computers, word processors, time management, Theory X, Y, Z, personal 
workstations for every employee, graphics and fast CPUs alone cannot contain the 
information explosion. Talk about productivity won't help. We need more. We need 
creative systems that take advantage of the technology AND allow the people to work 
they way they want to work. 

The process which will help us work smarter is an extension of the the evolutionary 
process which brought us from manual to automatic systems. The goal is to work in 
such a way which effectively uses the increasing amount of information available. 
One way to achieve this ambitious goal is to select an area where benefits would be 
widespread. A good place to start on your venture to work smarter would be to 
examine hardcopy output usage in your organization. 

Why hardcopy? Several reason makes hardcopy a good choice: 1) Everyone uses 
paper, 2) today's technology permits us to implement better systems NOW, 3) Results 
are quantifiable. 

HAIWCOl'Y AFFECTS EVEltYONE 

When evaluating ways in which to work smarter, people's knowledge of how they work 
with output will help identify keys areas subject to improvement. We may take the 
knowledge for granted but with time, creative new approaches to the work process 
can be uncovered. 
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I don't think anybody would argue with the fact that the vast majority of people 
use paper in their jobs. Not everyone uses computer generated output directly, but 
most wol1ld deal with memos, typed reports and manuals at some time. Because paper 
is so widesprel'l.d (probably the most common element across Jobs) a small savings 
among individuals can quickly grow into very large savings for the whole company. 
In addition, benefits would quickly be felt and compounded over the large user 
base. 

Not only does output get used by nearly everyone but there are as many ways to use 
output as there are people to use it. This fact plays a very important role when 
it comes to implementing a system. Paper's flexibility is its biggest benefit and 
this flexiblity must not be sacrificed in new systems. The whole purpose of this 
exercise is to eliminate the constraints of the systems we have imposed on 
ourselves over the last decades. 

EXISTING TECHNOLOGY IS SUFFICIENT 

No need to delay the planning for a system which will allow you to work smarter. 
You can start with what you already have and grow over time. The process is 
evolutionary and today's technology provides sufficient capability to begin now. 

Over the past several years we have seen a clear trend where printer capabilites 
and intelligence have increased while the prices have generally taken a nose dive. 
As users, we face a win win situation because this trend will continue: we will got 
more value for fewer dollars or Marks, Francs, etc. 

Today we can see where full font printers which lack print flexibility are quickly 
being displaced by dot matrix printers. An increasing number of users need the 
print flexibility of dot matrix impact or non impact printers. The new printers 
can print a variety of font styles including special graphics images. The lack of 
software which can take full advantage of the features continues to limit wide 
spread use. 

For those who want everything in one printer (or almost everything), the answer may 
be in the newer laser or ink jet printers. Speed, print quality, reliability, font 
flexibiltiy, graphics, color (ink jet only) are available today on a val'iety of 
printers. Trade-offs between the features will affect overall price and 
perfonnance. A full evaluation of the application and printer capabilities is 
necessary before the best decision can be made. Though it may appear that the 
printers provide all the answers, its utimately up to us as users to exploit the 
available technology. 

As syste11s become more powerful, they can support a greate1· number of users and 
associated peripheral devices. It is not unrealistic to view future CPUs as 
peripheral device controllers. Data processing will remain a function of these 
controllers but they must be sufficiently flexible to satisfy the requirements of a 
growing user base as well as meet the challenge or the dynamic work environment 
chaJacteristic of the information explosion. 

However, just because printers today can satisfy a wide range of printing demands 
and, systems can physically ~upport more users than before, it does not 
automatically mean users are able to draw data from the system and present it as 
useful and immediately usable information. 

What about the software? Software technology shows a similar rate of development 
that hardware has shown. Major advances have been made in data base management 
systems which allow users easy flexible access to the data while maintaining 
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appropriate levels of data security. Other software packages are available to 
manipulate the data (be it numbers or textual data) quickly and easily. Data 
communications software has made steady progress in permitting non-like systems to 
pass information between themselves. Even with these improvements and otht>l' 
advances in the sophistication of user interfaces, the passing of data from one 
software subsystem to another may require a degree of user intervention which 
renders the process impractical. In such a case, the user is in effect constrained 
by the system - precisely what we want to avoid in our quest to work smarter. 

While it may be impractical for an individual user to make the jump between 
software systems, it is imperati~e that companies make the effort. The software 
does allow the necessary crosstalk which turns raw data into useful and usable 
information. The next section, suggests ways to change from the old methods to the 
new methods. 

QllANTIFIADtE lll<:SlJJ,TS 

We have seen that with available technology we have an opportunity to improve the 
effectiveness and efficiency among the many users of hardcopy output. The next 
step is to set down a quantifiable method to measure, evaluate, and implement new 
approaches to hardcopy output in the way we work. 

The process in principle is not new; the tools to help you are new. The 
recommended process follows a 6 step procedure: 

1. Assign responsibility to a person or group 
2. Clearly state objectives and other expectations of the program 
). Identify target areas for the study 
4. Collect data 
5. Analyze and Implement 
6. Collect data for feedback 
7. Acknowledge results 
8. Attack the next area 

1. Responsibility 

Success hangs heavily on the people affected by the changes. A close personal 
identification between the people and the problem they are solving is necessary. 
Committment through involvement is important to ensure the program's success. 

2. Objectives 

People need a clear target. It must be realistic. The objectives should not imply 
constraints. Leave as much room for creative ideas as possible. The "We've always 
done it this way!" attitude is absolutely wrong. 

). Target Areas 

Pick those areas which will yield the highest return for the effort expended. You 
may want to break all possible applications into 3 groups: existing system 
applications, user applications (word processing, personal computer applications 
etc) and, new applications. By grouping, one can quickly see which applications 
will provide the most benefit to the most people. 

Existing applications might include accounting, personnel, payroll, forecasting, 
budgeting, materials management, production control, order processing or any of a 
host of possible applications you may have. Be sure to include even the small 
speciality systems you may have written yourself. Typically, existing applications 

66-3 



are stable and output is generated over regular time intervals. The data collected 
and information presented by these bread and butter applications are the basis for 
the work done and decisions made in the course of a business day. 

User applications tend to be the tools that individuals use to simplify their day 
to day work. It may be something as basic as word processing, or it could extend 
to a forecasting system on a personal computer. Since the individual has so.le 
control in such cases, it should be .left up to the individual to determine how they 
can work better. We want to focus on global systems as they will yield the 
greatest return. 

New applications as they come into the planning horizen should be subjected to the 
same evaluation as existing applications. The applications backlog will most 
certainly change after the work study is complete. 

4. Collect Data 

If mistakes are made here, the whole program is lost. COLLECT THE RIGHT DATA! 
Since we are talking about imp1·oving the use of hardcopy output in the company we 
should find out how hardcopy is used now. Its best to approach the whole process 
as objectively as possible. If a bias is shown early in the process, then the 
final systems which get implemented may not be the best of all possibilities. 

Using the grouping of the target areas, we would want the collected data from 
existing applications to answer such questions as, 

PRINTOUT/REPORTS 

What is being produced? 
How often are they produced? 
How many full and partial copies are made? 
How is the output handled? 
How and where are they stored? 
How many times is a single report accessed (over time too)? 
How long is a report stored? 

DATA 

What is the orginal data source? 
How many different sources contain a single data item 

(is it on-line too?) 
Why is a data item accessed? 
Which data item is accessed? 
How is that item keyed? 
How often is that item accessed (over time)? 
What additional processing was required before the right information 

was available? 

PEOPLE 

Does the person using the report have access to the system? 
Who needed the information (function is sufficient)? 
How long did the search, process, act cycle take? 
What action is taken afterwards (corrective, J>reventative, 

standard p1·ocess ing)? 

Several methods and sources can be used to collect the data. Each has its 
strengths and weaknesses depending on the information sought. Some suggestions ... 
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1. System Management Records 
2. Data Management Records and Reports 
). Inventory Listings 
Ii. Flow Charts 
5. Work Study Logs 

Items 1, 2, 3 probably already exist in any variety of forms. Let's take a closer 
look at items 4 and 5, 

Flow Charts 

A diagram of the complete cycle of a report from data input through generation, use 
and storage helps put the whole process in perspective. This exercise could yield 
interesting insights and highlight gross inefficiencies and waste. 

Work Study Logs 

The purpose of work study logs is to provide a statistical base from which one can 
draw conclusions and make decisions on how to improve the current work flow. 

Entries are made into work logs by time, action or interview. An example of a time 
based entry is when at random intervals {every 8-15 minutes) a person logs the 
activity being performed at that moment. Such a study would show how a person's 
total work day is broken down by activity. For those people who do not deal 
regularly with standard reports it may be interesting to study how a person uses 
hardcopy output as a support tool for their job. In this case we would study a 
persons job and how it uses hardcopy. 

In most cases for what we want to learn, our best choice is the action based 
method. In this case, every time an action is performed (use of hardcopy) several 
details are noted that describe the action. In our case, the details would refer 
to the report, data item, extra processing done, length of time needed etc. Limits 
to the number of details required for any one log entry are necessary to keep the 
record tracking simple. It's easy to go overboard which can severely threaten the 
integrity of the study data. 

When designing the log sheets, 3 points should be remembered: 

1. Logging must be simple as not to disrupt normal work - employ the use of ticks, 
checks and, abbreviations as much a possible. The responses must be standardized. 
Long textual descriptions take too long to write and cannot be quantified in 
analysis. A clear indication of the usage is what we are looking for. Too much 
detail can confuse the issue. 

2. Analysis of the data must be easy (for fast turnaround) - be creative. Try 
having the logging procedure actually generate a graphics image. Such a process 
would eliminate a major part of the post analysis work. For forms printing 
applications, you might want to use a blank form as the daily logging form. 

3, Data collected must be meaningful - people won't log it if they think it is a 
waste. Do not bother asking for data you think ybu might need sometime. If you 
are not sure what you want, you are not ready to run the test. If in doubt, don't. 

Some examples of logging forms follow at the end of this document. Keep in mind 
that the design of the log forms is determined by a number of factors including 
specialization of the report/output and people using them, data to be acquired, 
number of different types of output studied by one person and, the duration of the 
study period. 
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5. Analysis and Changes 

The results of the study could indicate a variety of possible changes to the 
current way of working. Some of the major catagories might be 

1. Discontinue certain reports - gives a great feeling of satisfaction. 

2. Reformat reports - design reports with ergonomics in mind. 
- use the information on type of access to see which 
data items should be side by side or on top of each 
other. 
- Highlight the most frequently accessed items 
- Put the items used as keys where they are easy to 
spot when looking through a lot of pages (upper right 
corner). 
- Print small (4:1 reduction for the information that 
must be printed but is not accessed very often). 
- Print graphics instead of numbers when a 'feeling' is 
all that is needed. This can dramatically reduce the 
time spent post-processing a report. 

). Put selective repox·ting on-line - some data is needed but a paper form of the 
report may not be required. If the person has a terminal, it 
may be enough to have a screen report. INFORM serves the same 
type of function. 

6. Feedback 

The same data collection procedure used earlier should be repeated after the new 
system is installed 6-12 months. The direct comparision of usage rates will give 
an indication of the improvements achieved. Interviews are also important to get a 
subjective feel for how well the systems is accepted. 

7. Aknowledge 

Publicize the effort and gains made. This is a real reward for the te<1m of people 
who did the study and helped make the program successful. 

8. Next Key Area 

No need to stop after the first success. Hardcopy usage is prevalent within the 
organization and there are plenty of opportunities for improvement. 

TOTAL SYSTEMS APPROACH 

In order to dramatically improve, develop, and maintain high quality hardcopy 
output, it is necessary to fit the hardcopy plans into the overall systems plans. 
The possible ramafications of a study as outlined earlier could extend to 
modifications of data communications plans, data management projects and ideas of 
personal computer networks. 

The approach I have outlined he1·e can be applied to various aspects of the company. 
Some of you may 1·ecognize it as an approach sometimes used by quality circles. The 
process is not a simple thing to do well but with planning and a willingness to 
make it work among all levels within the organization, it could yield astonding 
results. 

The information explosion is here. Good luck. 
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KEY #1 

PIN: Parl Number 
SIN: Ser lal Number 
O/N: Order Number 

D: Date 

REPORT ACCESS LOG 

DIRECTIONS: t) Attach this form to a copy of a report. 
2) Note information on how you use repor1 in appropriate columns. 
3) KEYs are what you use to look up the ITEMs 

KEY #2 ITEM #1 ITEM #2 PROCESSING 

PIN: Par I Number SO: Ship Oa te SO: Ship Oa le %: Calcula tlon 
S/N: Serial Number TN: Transport Number TN: Transport Number ":Copy 
O/N: Order Number I: Inspection Code I: Inspection Code G: Make Graphics 

R: Manufacturing Run R: Manufacturing Run A: Manufacturing Run T: Transcribe 

The purpose of this sf•Jdy is lo determine how rP.p1)rl form;its can be improved 
lo provide n101e 1nforrnation mure quickly and drcurnlt:lv than ourenl f1)1mats. 
Your sugqeslions a1e welr.mne. S•J9ge!'>li1:ins i1nr1lc1ne11tt:>d will he awa1deJ wllh 

a dinner for two at a reshira11t uf yo111 (h1)1(f:'. rhaflk you. 
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P: Preventive action 
C: Corrective action 





MPE in_ an Oil Industry Enviroruient 

J Moran an<l MC Turnill 
Information Technology Departnent, Britoil, Glasgow, UK 

1. IN'l'RODUC"l'ION 

BRI'1DIL installed its first HP3000 COll(lllter system in 
October 1978 and now has six m:ichines which act as local 
processors, arranged in a network linked to a central IBM 
mainframe. 'l'his conplex serves a conpany of 2, 500 staff 
who are engaged in oil exploration and production. Over 
250 terminals (11¥)stly liP) are connected to a network of 
CASE Statistical Multiplexors providing a very wide range 
of applications to accountants, engineers, geologists, 
clerks and secretarial staff. 'llie mainframe is used 
prim:irily for nUirerical sinulation with heavy CFU require­
nents and database work, while the HP3000's run a very 
wide variety of applications varying from comiercial and 
financial systems to technical 11¥)delling systems. 

'fhe strategy of local processors, first fornulated in 1977 
has proved to be very successful and the choice of HP 
equipnent has proved to be popular with end users and 
developiient staff alike for its user friendliness. 

In spite of the success we are now finding it difficult to 
110intain our local processors at the serviceability levels 
required by our end users largely because of software 
unreliability and difficulties in obtaining the appropriate 
level of software support from HP. 

This paper reviews the strategy we have adopted, sone of 
our successful applications, and the expectations of end 
users. 'l'he ill{lact of service interruptions are examined, 
together with an analysis of current software problems. 
Finally, sone suggestions are made for an inproved level 
of service. 

2. BRI'l'OIL 

BNCX: was founded in 1976 as a national oil conpany with 
a dual role of exploration and production together with a 
national trading and 11¥)nitoring role. In November last 
year, BNOC was 'privatised' by separating the oil explora­
tion and production arm (BRI'lO!L), floating it on the 
stock market and leaving ~ as a wholly owned governnent 
subsidiary. 

Last year we produced 57.2 million barrels of oil and 
achieved pre-tax profits of £521 million (£109 m. after tax). 
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BRl1'0IL, in conmon with many other oil conpanies, has widely 
dispersed offices, with it's Head}uarters in Glasgow (1,200 
people) housed in some 10 separate b..lildings, awaiting the con­
struction of a new office block. Aberdeen, 160 miles away, 
is the home of the operational departments, (1,200 people) 
housed in three separate offices also awaiting conpletion of 
a ne\.i office coaplex. In addition, a small senior management 
group is based in London. 

BRI'IDIL uses contractors on a large scale and currently 
has some 400 contractors based at Linwood, near Glasgow, 
working on the new Clyde field. 'l'here are also terminals 
in <.."'Onstruction yards at Methil and Cleveland, and also two 
offshore installations (Thistle and Beatrice). Staff nobility 
is necessarily high because of rapid expansion and the nature 
of the oil industry. 1hese factors create the need for highly 
effective network capability. 

3. INFORMATIOO TECl:IOOWGY WITHIN BRI'l'OIL 

BRI'l'OIL has recently created a unified IT department 
which has overall responsibility for co-ordinating the 
developnent of: 

- use of conputer technology 
- onshore comlllnications links 
- office systems 
- applications. 

1'he goal of the department is to provide a unified long 
term strategy which will serve the information needs of 
all staff within the conpany. Currently this is being 
achieved in terms of facilities by: 

- a central mainframe 
(IBM) 

- local processors 
(BP3000) 

- W~ word processors 

- CASE OCX network 

- for high performance 
processing 

- large database applications 

- for data collection and 
validation 

- interactive systems 

- for secretarial work 

- to link any terminal to 
any COll{lllter system from 
any office 

A single terminal policy has also been adopted, which 
states that we should provide any one user with just one 
terminal with that combination of functions which he requires. 

Another goal for applications development is to make 
significant inprovements in productivity by the use of 
new software tools such as RAPID, PllJI'OS, FOCUS etc. As 
a result of a concerted and successful drive, it is hoped 
that we will not write any new COBOL programs after the 
end of this year. 
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4. O~'FSllORE l:'RillBCl'S 

A typical North Sea platform takes 5-7 years from concep­
tion to production and costs over ~2,000 million. 'l'hese 
platforms are· designed to withstand lOOft waves and 120nph 
winds, standing in up to 500ft of water. At peak pro­
duction one platform will operate up to 50 wells which may 
extend up to 10,000ft in depth and distance from platform. 
Over 300 staff are required to operate a platform on 24hr/ 
365 day basis. Typical production rates are 50,000 to 
200,000 barrels/day yielding $1.Sm to $6.Sm a day. 

Coniputer technology now plays a vital role in every stage 
in the life of a major off-shore project, from the initial 
exploration stages, using seismic surveys to the final 
production platform. Con{lllter systems are used by 
nearly every department as a normal b.lsiness tool which 
aids the user either in keeping track of information or 
by modelling either business decisions, or physical structures 
such as platforms or reservoirs. The benefits in product­
ivity and accuracy, together with the pressure of large 
capital decisions and the need to keep the oil flowing 
makes these systems a vital part of the users' everyday 
work. Any loss of this service is now just as critical 
as the loss of power, or the loss of the telephone exchange. 

5 USBRS 

We have divided our users and their systems into three 
broad categories, ie: 

'workers' 
- professional decision makers 
- strategic management 

5.1 'Workers' 

Some exaaples are platform operators, maintenance staff, 
warehousemen, clerks (finance, personnel etc), construc­
tion staff and secretaries. 'l'hese people are rarely 
trained in co11puter techniques, and typically require: 

- input machanisms which ace sill{lle to use 
- terminals 
- rapid response 
- reporting which they can understand 
- modified reporting to meet new needs on short 

timescales. 
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5.2 Professional Decision Makers 

These will usually be professional staff who may well have 
been trained in sone aspect of conputer technology. 
Exanples in this category are petroleum engineers, 
structural engineers, accountants, lawyers, personnel 
officers, administrators, soil¥:! of whom will have a very 
high awareness of conputers. Typical requirell¥:!nts are: 

- 11¥:!aningful llPdel (or view) of their discipline 
- batch and terminal facilities 
- high use of CRJ power 
- rapid ad-hoc reporting 
- conplex graphics 

These users have traditionally put up with conplex inter­
faces to their conputer systems, which today is becoming 
llf.Jch less acceptable. 

5.3 Strategic Managers 

'!'his group makes strategic decisions which affect: 

- policy 
- capital investnent 
- technical develop11¥:!nt 
- staffing 
- envirorurent. 

Although difficult to generalise, it is likely that a 
senior manager may have no experience in conputing. 
'l.'ypical requirell¥:!nts are: 

- terminal based 
- easy access to wide range of sunmary data 
- rapid response 
- ad-hoc reports in short tinescales 
- graphics. 

The key is to ensure sinplicity of use. The senior 
manager cannot afford any conplexity in operation, 
since it loses him till¥:! and he will abandon conpJter 
usage unless it helps him in decision making. 

6. SU1E APPLICATIONS 

The first HP3000's were installed SOI!¥:! two years before 
the IBM mainf rall¥:! due to a number of conplex factors. 
This resulted in Dllch wider range of applications being 
developed for the HP machines than might otherwise have been 
the case. While the majority of the systems we have developed 
fall into the 'worker' category, we have also developed a 
number of technical 1nodelling facilities in FORfRAN. 
Examples of both types are discussed below. 
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The workloads on each of our machines are generally determined 
nore by location and balance rather than any attenpt to 
separate work on a departnental basis. 'l'he six machines are 
used as follows: 

llP3000/64 
HP3000/64 
HP3000/44 

HP3000/Ill 
HP3000/lll 

HP3000/Ill 

(HPl) 
(HP2) 
(llP4) 

Glasgow (Cadogan House) 
Glasgow (Cadogan House) 
Glasgow (Centenary House) 

(llP20)) Aberdeen (St Machar) 

Production 
Developroont 
Clyde 
Offshore Systems 
+CAD 

(UP21)} Mixed Production and Developroont 
includes ICE and MCS (see below) 

(HP3) Glasgow (Cadogan House) Central Service 
(eg SIATE, Graphics) + System Programning. 

6.1 Steel Control System 

The main problems encountered in the early platforms were 
often excess or shortage of material (through lack of 
timely information) or late material delivery. In addition, 
there is now a statutory requirement for all steel plates 
to be index nuntlered. To attack these problems new systems 
have been developed which are based on interactive terminal 
systems to replace the earlier, ineffective, batch systems. 

The systems adopted form a pattern of six feeder systems, 
all on HPJOOO, which exchange information with a central 
project co-ordination systems (Figure 1). 

Each system is, however, self-contained and can operate in 
its own right. The terminals can be located anywhere 
with connections to the telephone system which allows 
siting not only in the conpany's HQ but also in construc­
tion sites, storage yards etc. 

A central feature of the steel control system is the 
'material' database, from which regular, on-demand 
exception reporting can be obtained. Details of all orders 
are entered 'on-line' directly so that the system operates 
in real time. Over 50,000 tons of steel are involved in a 
major platform. Each steel plate ordered is indexed by the 
tonne, grade and quality and in addition, has a unique 
serial nuntier, with specification dimensions, with harth 
and cast nuntlers. This linking of plates to their related 
documentation is of vital inportance to the systelll'! 
success. The steel is shipped to a variety of storage 
yards in construction sites and the systems is designed to: 
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- prevent delays in construction schedules due 
to material shortages on individual sites 

- minimise surpluses and hence costs 
- maximise the use of steel off-cuts 
- audit deliveries. 

This system is built using a conbination of VIEW, IMAGE, 
QJIZ, IBS and SKIPPER: 

6.2 Manpower Control System 

BRITOIL has a statutory obligation to pcoduce a list of 
all staff who ace offshore at any point in time. This 
nust be accucate and contain personal details such as 
address, date of birth, next of kin etc. 

This cequirement is also linked to the need to allocate 
beds on offshore installations and to allocate places 
on offshore helicopter flights. 

Two such systems are run - one for the Thistle conplex 
and the other for Beatrice. This is achieved by logging 
information at various points, (figure 2). 

- Travel Departnent in St Machar House, Aberdeen 
Logistics Department in Athenaeum House, Aberdeen 

- Airports (Dyce, Sumburgh) 
- Thistle/Beatrice landing pads. 

1'he main reports produced are: 

- contractors report - all contractors listed offshore 

- emergency worksheet - full details of all personnel 
offshore 

- persormel report - details of all personnel on 
file 

- occupation analysis - details of skills offshore 

and on-line enquiry facilities are also provided. 

The key requirement is to ensure that if the HP3000 system 
fails, an alternative machine can i~iately take over, 
since it is vital for all records to be up-to-date in an 
erergency situation. '!'his is achieved by either OS links 
or magnetic tape transfer. 

6. 3 ICE_::_ Inventory Control and Evaluation System 

'!'his system 
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- maintains current stock balances at all warehouses 

- produces effective evaluation of inver-:'~'bry holdings 
and transaction irovements 

- provide enquiry facilities for inventory status 

- links to corporate financial and other systems 

- provides audit requirenents. 

This is a large suite coded in COBOL, using an IMAGE 
database, using CUIZ for reporting. VPLUS/3000 is used 
for terminal dialogue. Requires a fairly substantial 
database (700K sectors) and has links to four other key 
systems. Access is made by Materials and Finance 
Depactnents (eight terminals) and by Warehouse at 
Peterhead (four terminals). 

6.4 Corporate Financial Model 

This system is foe professional management accountants. 

UK oil tax is extremely conplex, now requiring four inter­
dependant layers, resulting in taxation at the 80-90% 
level. These taxes are usually altered every year in sorre 
major way, and such changes can critically affect new 
investment or development decisions. To make such 
decisions requires a corporate financial llJXlel, which 
includes all current projects and all tax llJXlels both past 
and present. 'I'he answers are critically dependant on 
assunptions made about inflation, oil price and exchange 
rates which may also be varied as part of the si111Jlation 
process. The need is for a terminal interface to pose 
the questions, although the calculations themselves do not 
need to be performed in real time. 

'fhis system is built in cont>ination of FORl'RAN and FCS - a 
financial llJXlelling language. The stack limitations made 
this a difficult system to inplerrent. 

6.5 CAD - DRAGCll 

'l'his system written in FOR'rRAN by C01PEDA (now owned by PRIME) 
is inplemented on HP3000/44 and provides a satisfactory design 
service for up to six professional users. 'l'he 16 bit archi­
tecture again poses limitations for this type of system. In 
addition, the HP FORrRAN conpiler proved woefully inadequate 
to cope with symbol table sizes required by this application. 

7. SOF'lHARE 'l'OOLS 

In order to improve productivity use is m:tde of m:lny 
different software tools either from HP or third parties. 
Currently we use: 
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(a) INPUT (d) OOI'PUT (f) WORD PRO:::FSSIOO/ 
OFFICE 

VPLUS/3000 QUIZ 
COBOL SIATE 

(b) OOTABASE FORI'AAN 
VIEWmTA (9) CO>IMUNICA'i'IOOS 

IMAGE 
(e) GRAPHICS MRJE Link to 

(c) COOING IBM 3033N 
OOG DS/3000 

RAPID DI/3000 (from DS/1000 
POOIDS Precision IMF 
ClllOL Visuals) 
FORl'RAN HPDAAW 
FCS EASYCHAR'l' 
OPTICALC 

We also have laser printers in Glasgow and Aberdeen which 
have revolutionised the production of output. This 
involves using laser software and also a specially 
adapted version of ll:>PRINI' (obtained from HP on a no 
support basis). Most of IBM output is also directed to 
these laser printers using either MRJE or tape, leaving 
only one printer directly on the IBM. 

8. USER SERVICE 

Most of our systems are well liked by the users, for 
their ease of use (helped by VPLUS etc) and by development 
staff using many of the latest software tools on the 
market. However, certain systems can now be critically 
affected by system outage (eg, Manpower Control System, 
Inventory System, Corporate Finance System, Docum:?nt 
Control System for Capital Projects). 

As the corrpany has developed, these systems now handle 
either vital information or data volumes which cannot be 
manually re-processed. Any significant system outage can 
have major inpact, for exanple, non-availability of the MCS 
system could have potentially very serious consequences in 
an off-shore emergency. With voluma systems (eg, ICE, 
Finance etc) significant outage causes user frustration and 
much overtime to catch up backlogs as well as wrestling 
with databases which may have become corrupted or out of date. 

·ro a contractor on a big project, long coopJter delays are 
often intolerable and could trigger penalty costs to 
BRI'IOIL, as well as project slippage. 
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9. MPE PROBLEMS 

Currently we are suffering far too many MPE system inter­
ruptions. Figure 3 shows total number of problems affecting 
at least one live system, broken down into four priorities, of 
which the first level inplies serious interruption to service 
and level 4 is low priority. While this has inproved since 
IMIT was inplelll:lnted last October, we are still experiencing 
around 22 per ioonth (on six machines) of which about three 
cause serious interruptions to service (Pr:i.ority 1). Of these 
22 we are reporting about four new SRs to HP every ioonth 
(Figure 4). The average response tine foe HP to acknowledge 
these is currently around seven working days (figure 5) having 
inproved from 17 at year end. 

The average tine for a reply is around 20 working days 
(figure 6),which for top priority problems is far too long. 
Of 22 problems raised each ioonth typically 

- 7 remain permanently unresolved 
- 8 are worked around (ie circwuvented) 
- 7 are cleared (Figure 7). Many are noted as 'cleared' 

in subsequent MPE releases, which we are not in a 
position to inplemant as discussed below. 

This rate of incidents causes two major problems: 

interruptions to service - with delays to user activity 
frustration anpng systems team - who feel they are on a 
constant treadmill of unresolved problems. 

Thus, while we have excellent local support from South 
Queensferry, we feel that central software support services 
do not maet our needs as a large custoner, running a wide 
variety of applications on the HP3000s. 

10. MPE SUPPORT 

MPE support works formally as shown in Figure 6. The 
rationale is that if the problem has never happened before 
it can be regarded as a "one-off funny" which can be 
ignored. Such a philosophy is not acceptable in our 
environmant since it leaves so many unresolved problems. 
Worse, until recently (May 1983), such occurrences were not 
even logged by HP centrally in the UK. '!'his neant that 
sone problems were never addressed and others were not 
being correlated across sites. 

To inprove our understanding of the problems BRI'l'OIL 
usually prints all dunps, and works with local support 
staff to tackle the problems. 
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We see seven key problems with MPE support from our viewpoint;-

1 ained at disaster situations only, ie 
whole machine down. Key user applications 
which are down are not counted. 

2 lack of prioritisation by HP on problem 
resolution. No understanding with 
custoner of relative iIT(lOrtance~ 
custoner of each failure. 

3 one-off funnies "thrown away" ~ of which may 
be very serious 

4 if a problem is not reproducible it is not 
a problem 

5 no formality in docllllJ:lnting and issuing patches for 
each release ie, HP do not know state of the system 
our machines. We have had duplicated patches or 
clashing patches issued. 

6 docunentation of MPE is usually far too late. 
(Recently received IMAGE manual relating to 
release over one year ago). 

7 PICS only operates on English working days 
(regional holidays vary) from 9am - 5pm. 
Responses have inproved over the last year 
wt are still highly variable (see figure 6) 
and very poor continuity is maintained from 
day-to-day due to staff rotation. 

No out-of-hours support to cover enErgency 
situations, (eg corrupt IMAGE databases etc.) 
as perceived by custoner. 

HP ability to provide fixes to problems to MPE within the 
UK appears to be severely hanpered by the lack of an agreed 
overall release policy which nean that a very high per­
centage of fixes are 'in the next release' which the 
custonEr maY not be in a position to inplenent. 

11, MPE RELEASES 

Each new MPE release has traditionally contained a very 
high level of change both to base software and to the middle­
ware products which sit on top (eg, conpilers, database, 
products etc). Past experience has shown us that in our 
environment we cannot inplenent such large changes over­
night and it is vital that live applications should be 
re-tested before going into production. 'l'his was vividly 
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demonstrated when we installed rnr·r at the Sam:? tine as 
nx>del 64's. Nl.llll3rous problems were encountered, especially 
with the ATl' which forced the schedule to becone very long. 
The planned tine to inplemant a new release on six machines 
is now estimated to be around 50 man/days over 2.5 ronths, 
and hence needs to be pee-planned up to one year in advance. 
On this basis we cannot contenplate upgrading our machines 
in this way rore than once a year and for this reason we 
skipped the CIPER release (with HP's agceemant). 

11.l <J-IIT 

We have produced several project plans which have been 
constantly altered since HP have failed to maet all 
planned celease dates for <J-IIT. -

The problems we have faced are gcaphically illustrated 
below: 

1 Originally scheduled foe NovemberjDecembec 1982. 

2 In February 1983, stated as due in mid March. CA.tr 
ficst proper plan drawn up to stact in April 1983. 

3 Docunentation available at end of March. (ie, 
SSB, COllllllnicator and some manual updates). 

4 Acrived on 25 April 1983 

5 Followed plan (shown in Figure 7) starting on 
28 April. 

6 On 19 May, aftec 20 man/days effoct expended 
and first major machine about to be upgcaded, 
HP informad us of significant problems and 
advised us to stop. 

7 On 20 May we agreed with HP and were informad 
of new issue of <J-IIT in mid-June. 

8 New plan produced. 

9 On 5 July new release is 3 weeks late and no 
information is available. 

10 On 15 July informad (verbally) that it will 
arrive in 'one week's tine'. 

11 New plan produced. 

12 On 22 July informad that although the release 
is within the UK it is withdrawn and a new release 
called <1'tl'r-reurA will be released in mid-August. 
No further plans possible at tine of writing. 
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Meanwhile our backlog of !MIT problems "resolved in CMI'f" 
grows even longer and the incident rate is increasing with 
load (as in the past). 

Although it is known that MPEV will be the next release 
"in November/December" we can obtain no clear information 
as to release dates. Neither is it clear whether the three 
stage release strategy, announced last spring, of main 
release followed by two delta (bug fixing) releases will 
be followed. 

Another inportant need is for advance strategic information 
about the contents of the next release. At present we 
receive the comnunicator only at release tine which is too 
late for us to determine the inpact on running systems. 

12. A WAY FORWARD 

We have set out below a number of proposals which we believe 
would significantly ill{>rove the software support service. 

l For HP to create an MPE Release Strategy which is 
adhered to and clearly understood by custoner and 
conpany. 

2 For Release Dates to be net. These first two will 
enable the customer to plan ahead and avoid jeopardising 
production loads. 

3 Reduce the Number of Releases. One a year is the 
maximum that a large organisation such as Britoil can 
consider. 

4 Separation of MPE Release from Products. Decoupling 
products (eg. OOG, coll{>ilers, etc) from MPE release 
could have major advantages to customers in reducing 
level of simultaneus change. 

5 To I11J?rove Docum:ntation. At least six weeks prior to 
release (to the customer) preliminary (outline) doc­
nentation should be available so that custoner can assess 
inpact on running workload. The SSB also needs a conplete 
re-vanp - it is poorly organised, poorly indexed and 
does not contain information on unresolved problems. 

6 Establishment of International Problem Database 
similar to other manufacturers, so that all problems 
(whether first occurance or not) are logged and all 
fixes are known on world-wide basis. 'fhis would enable 
SSB to be kept up-to-date and irrprove confidence 
between customer and coll{>any 

7 To Ill{>rove I..oad _Testing of MP~ prior to release. 
We often experience "first occurences" because of 
sheer range of applications we run. 'l'his would 
help to avoid some of the CMI'f release problems. 
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8 Agreed Priorisation of Custoroor Problems so that 
both HP and custoroor understand the relative inportance 
of reported problems. At present only 'machine down' 
seeni.s to have any inpact. 

9 An lrrproved PICS Service with 11¥)re consistent responses, 
better continuity and an optional 'out of hours' 
service available. 

10 Inproved TSE support, especially for large custoroors 
so that better working relationships can be established. 

11 Introduction of proper control nechanisms on patch 
release so that state of every system can be understood, 
abandoning binary fixes and turning to source fixes on 
regional basis. 

12 Acceptance that a site can be critical if key appli­
cations have failed and cannot be restarted. This 
neans defining the word 'critical' and the 'escalation' 
procedures which follow. 

13 Allow custoners systena staff to be able to read 
dunps (at diagnostic level only) to determine area of 
problem. Fix level should remain only with HP. 

14 Enhance1rent requests should receive replies and be 
available for all custoirers to see. 

15 MPE support should rest with SE organisation rather 
than CE. 

Several of these ideas were nentioned in Roy Clifton's paper 
at Montreal but none have yet appeared to have any affect 
on support available to us. 

13. COOCWSIOOS 

These are resoluble problems. Let ne stress that 
our view of HP hardware and software as products is good 
and they can and do provide excellent solutions for our 
end users. As the products nature it is however necessary 
for the software support organisation to mature at the sarre 
tire. To achieve this requires the sane level of conmitirent 
as is given to hardware by the CE organisation. 
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This paper is designed to give the reader an idea of the ways in which the 
field support organization and the factory interface in order to disperse 
product information, answer technical questions and resolve customer 
problems. In most cases, the primary interface between the customer and 
Hewlett-Packard is the System Engineer. Customers may be unaware of the 
large number of resources that can be called into play in the event of a 
serious problem. Thus, this paper shall also attempt to explain the 
process through which Service Requests are classified, questions are 
answered, customer problems are resolved, product decisions are reached, 
and the resources involved in each of these procedures. 

As an On-line Support Engineer in the Manufacturing Productivity Division 
(formerly of the Information Networks Division), I constantly interface 
with System Engineers in order to resolve customer problems and relay 
information regarding the products which I support. Because the products 
which I support (VPLUS/3000, EDIT/3000, Datacap Intrinsics and DEL) are 
software products, this paper shall deal with the procedures and actions of 
an On-line Support group dealing with software products. 

Basically, the job of On-line Support is to be the System Engineer's 
interface to "the factory". Among the responsibilities of an On-line 
Support (Marketing) Engineer are: answering questions posed by System 
Engineers (SE's), reviewing Service Requests (SR's), reviewing manual 
upciates and rewrites, testing software, attending product team meetings 
(where a product's strategy is determined), becoming involved as a factory 
contact for all problem sites, writing technical articles for publications 
such as The Communicator and Support Update, becoming involved in the 
design of new products and occasionally reviewing, writing or teaching SE 
training courses. 

There are many different On-line Support groups which deal with HP3000 
products at Hewlett-Packard. Each group specializes in a different set of 
products, such as: languages, terminals, office products, business 
application tools, operating systems and databases. Most of these On-line 
Support groups are located in various divisions, but perform similar 
functions. 

Typically, there is one On-line Support Engineer for each active product 
such as VPLUS/3000, Pascal or Toolset and a team of support engineers for 
"products" such as MPE. Extremely new or active products such as 
RAPID/3000 or Image/Query have two On-line Engineers assigned. Each 
engineer is also assigned several less volatile products such as DEL, 
EDIT/3000 or FCOPY. A fully trained back-up is always available for an 
engineer's absent times. 

Phone Calls 

Perhaps the most substantial part of an On-line Support Engineer's job is 
answering questions presented by SE's, originating either from a PICS call, 
or from SE's own accounts. Most other work and responsibilities are 
performed between telephone calls. Questions received range from "I 
remember hearing once that ... " to "I can't find out how to ... " to "My 
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customer is having trouble ... " to "Does ... have any plans to In 
the month of April, Business Application Tools On-line Support, which 
encompasses VPLUS, Image/Query, Rapid, KSAM, Editor, Fcopy, Sort-Merge, 
DEL, HPJOO systems, and six support engineers, received 814 calls from 
SE's. 

As far as a single product goes, VPLUS/3000 receives between ten and twenty 
phone calls a day. Some of these questions are very technical and require 
researching or experimentation to determine the answer. On-line Support's 
sources include source code, internal and external product specification 
documents, publications such as Support Update, the Software Status 
Bulletin and the Software Release Bulletin, product manuals, TWX's from 
9ther divisions, other On-line Engineers and of course the ultimate source, 
the Lab Engineer. Obviously the Software Development (lab) Engineer can 
not spend his or her valuable engineering time answering every one of these 
questions, so the On-line Suppo1·t Engineers try to research and discover as 
many answers as possible. 

In the Business Application Tools On-line Support Group, a telephone call 
procedural policy exists. This policy states that "calls should be 
returned and answered within four hours or the caller should be told that 
it will take longer, either when the question is received or within four 
hours". This policy is consistant with the customer's software service 
contracts, and was instituted so that SE's on PICS are able to return their 
telephone calls within four hours. 

Most On-line Engineers also have their own policy on returning phone calls. 
Phone responses are generally made first to SE's who are at a customer 
site, then to SE's on PICS and then to SE's who have casual questions or 
inquires. In On-line Support we also have to consider time zone 
differences when we return calls. Many areas, such as Germany and 
Australia can only be 1·eached at the very beginning of the day, so calls to 
these areas are sometimes returned first. 

Service Requests 

Another duty of an On-'line Support Engineer is 
Service Request process. A Service Request (SR) 
a user of a Hewlett-Packard product to report a 
documentation error, receive an answer to a 
(omitted feature) enhancement be added to the 
widely spread rumor, SR's do not fall into 
destruct when they reach the factory. 

to become involved in the 
is a report originated by 

potential product problem, 
question, or request an 

product. Contrary to the 
a bottomless pit or self-

The life cycle of an SR generally follows the same pattern. After an SR 
form is filled out by the customer and forwarded to the local field office, 
an SE reviews the report, and attempts to reproduce any problems that may 
have been reported. If the SR reports a potential problem and the Systems 
Engineer can not duplicate the problem, he or she would call the customer 
for further information. Otherwise, the SE adds any comments they may have 
and forwards it to the factory in California (or wherever the product 
originates), with the files necessary to reproduce any problems. 
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At the factory, the SR is entered into the Software Tracking and Reporting 
System (STARS) database. This database contains all "open" Service 
Requests and is used to generate the Software Status Bulletin, the Software 
Release Bulletin, response letters, action reports for all engineers 
involved in the SR process, and detailed reports regarding response time 
and classification breakdowns (%bugs, ~enhancements). Many field offices 
now have the ability to submit and track a new Service Request on-line and 
add additional comments or information to existing Service Requests. 

Once the Service Request is entered into STARS, the appropriate On-line 
Engineer is automatically assigned the responsibility of reviewing the 
report. At this point, duplicate problem reports are extracted and 
classified as such, and user misunderstanding reports are answered. Next, 
On-line Engineers attempt to duplicate any potential problem reports. We 
attempt to duplicate the problems, not because we do not believe the 
problem exists, but rather because we want to be able to demonstrate the 
problem to the Lab Engineer and have a test example available for his or 
her immediate investigation. Another 1·eason why On-line Support must 
attempt to duplicate potential problems is because certain equipment which 
is necessary to reproduce the problem may not been available for the SE in 
his office. Duplicated problem reporta,documentation errors and enhancement 
requests are then routed to the appropriate Software Engineer or Technical 
Writer, with any comments necessary to quickly resolve the report. 

When the Service Request is classified (by On-line or the Lab), a response 
letter to the System Engineer is automatically generated, explaining the 
resolution of the report. If the SE disagrees with the response, they are 
able to telephone the On-line Engineer or reopen the SR. When the SR is 
ultimately resolved, the SE reports the findings to the customer. 

To get an idea of the volume of Service Requests received by Hewlett­
Packard, consider the Business Application Tools On-line group discussed 
previously. They received 165 Service Requests in April. Of this 165 
requests approximately 44% were enhancement requests, 17~ were new known 
problem reports, 13% were duplicate problem reports, 14% were documentation 
enhancements or errors, 5% were user misunderstandings, and 5~ were 
classified as unable to duplicate. 

Problem Escalation and Resolution 

The resolution of customer problems is the number one concern of On-line 
Support. We like to become involved in problem sites as soon as possible 
in order to insure that customer problems are solved quickly. Frequently, 
On-line Support has encountered the problem before and knows of a work­
around, patch, or version which does not have the problem. Sometimes, a 
"problem" is not a "problem" at all and a simple explanation can satisfy a 
very unhappy customer. 

Occasionally, problems do arise which can not be solved by a PICS call and 
are too critical to wait for a response from a Service Request. For such 
problems, HP has established a formal process to insure rapid resolution of 
complex problems. It is called the Escalation Plan and its objectives are 
to provide resources to match the severity of a problem and lines of com­
munication to insure the problem's timely resolution. 
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In those cases where the Customer Engineer (CE) or System Engineer at 
the customer site has difficulty isolating a problem, the support engineer 
will call a local specialist. Additionally, the District Manager will be 
contacted to assume the role of Site Problem Manager. These actions 
represent the beginning of the escalation process and will usually occur 
if a critical problem had not been isolated within four hours of the 
engineer initiating the diagnostic process at the customer site, 

The Site Problem Manager will work with the CE and/or SE and the 
specialists involved to establish an action plan which includes a specific 
timetable for resolution and will present this to the customer for their 
approval. The specialized field engineer will consult with On-line Support 
to determine if this problem has been previously encountered. If the 
problem is an unknown one, On-line Support will offer suggestions on how to 
proceed to isolate and solve the problem. At this time the problem is 
considered to be at the "alert" stage. 

If the problem continues to defy solution, the Site Problem Manager will 
implement procedu1·es to escalate the site to the next level. This stage 
will generally be initiated for critical problems not diagnosed within 
eigh·t hours, and is consider<!!d to be the "warm" stage. 

At this stage, the Area Computer Manager, responsible for sales and support 
personnel in an area or country, coordinates all field resources necessary 
to resolve the p1·oblem. On··line Support becomes involved to coordinate the 
factory lab resources and communications with the field. When this stage 
is reached, On-line Support Engineers attempt to duplicate ,the problem 
situation at the factory. This sometimes involves configuring one of the 
factory's stand-alone systems to match the customer's configuration. The 
Site Problem Manager will also draw up a revised action plan and timetable 
utilizing the new resources available and communicate this plan to the 
custome1·. 

If more resources are necessary, the site will be further escalated to a 
"bot site" through the agreement of the Site Problem Manager and the 
Factory Support Manager. At this point, anyone involved at the factory end 
is in a "drop all other work and solve this problem" mode. Software 
Engineers responsible for the product in question work with the On-line 
Engineers to duplicate and determine the cause of the problem. In certain 
cases, such as when the problem can not be duplicated in the factory, an 
on-site visit by the Software (Lab) Engineers and/or On-line Engineers will 
take place. 

Upon problem resolution, the customer site is placed in a Monitor status. 
All of the resources previously mobilized to resolve the problem i·emain on 
call in case the problem should recur. The local CE and SE will observe 
and evaluate the situation at the site to make sure that the problem is 
fully resolved, and the system is fully operational. The senior technical 
specialist will recommend the time period for observation and remain 
avai,lable for consulting. If the problem should recur during this time 
period, all resources will be recalled to develop a solution. After the 
problem is entirely resolved to the field's and the customer's 
satisfaction, the problem and its solution will undergo a final review. 
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The Hewlett-Packard Product Team 

Representatives from all functional areas are essential to the successful 
release and support of any software product. To simplify this inte1·face, 
between the lab and the world, product teams were established, with 
representatives from all of the support areas. The purpose of a product 
team is to provide filtered input to the lab team concerning the needs of 
the user community and evaluations of the product's ability to meet those 
needs. The product team is composed of representatives from the four basic 
areas: Marketing, Manufacturing, Lab and Product Assurance. This is not 
to say that the product team is composed of four members. It may require 
several people from any one area to adequately represent that function's 
interests and provide the necessary direction to the lab team. 

As illustrated on the previous page,the members of the product team include 
a Product Manager, Development Engineers, On-line Engineers, Off-line 
Engineers, Technical Writers, Production Engineers, Product Assurance 
Engineers, and Product Marketing Engineers. The Product Manager is 
responsible for the overall investigation, development and maintenance of 
the product. The Marketing Engineers include On-line Engineers, Off-line 
Engineers (responsible for SE/CE training), Technical Writers (responsible 
for product manuals and Product Marketing Engineers (responsible for 
Marketing Surveys and product introduction). The Product Assurance 
Engineers must certify the quality of the product and the Production 
Engineers must make sure that the product is producible. Last, but not 
least, the Development Engineers are responsible for investigating, 
designing, creating and maintaining the product. 

One of the most important aspects of the product teams at Hewlett-Packard 
is the collection of engineers which complete the team. As the engineers 
are all involved in different Job functions, they are able to present a 
variety of views on all product decisions. The Software Engineers can 
determine the ease or difficulty of technical implementation, the On-line 
Engineers can determine customer/field considerations and Off-line 
Engineers and Technical Writers can determine supportability. All of these 
views are taken into consideration when making a product decision. 

Another important aspect of the product teams is that they are the driving 
force of the product. Basically, the product team is solely responsible 
for the success of the product. Since decisions are made at this low 
level, by the engineers who most closely deal with the product, they tend 
to be rational, customer driven decisions. In this manner, On-line 
Engineers can heavily influence which features, enhancements and problems 
fixes will be implemented in a product. If a particular enhancement or 
workaround is frequently requested, then On-line Engineers can express that 
urgency to the lab team and request that the work be performed. 

As you can see, On-line Support is where the buck stops, as far as the SE 
is concerned. It is the responsibility of the On-line Engineers to obtain 
a solution to a customer's question or problem by drawing in as many 
resources as necessary. Hopefully, this paper has given you a better idea 
of the inside workings of On-line Support, the processes through which 
problems are resolved, Service Requests are answered, and the resources 
which Hewlett-Packard has provided to obtain customer satisfaction. 
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ABSTRACT 

HPE Disc Caching is a major new performance product for the HP 
3000 family of computers. MPE Disc Caching effectively utilizes 
the excess main memory and proceuor capacity of the high-end 
3000 family members to eliminate a large portion of the disc 
access delays encountered in an uncached system. With disc 
caching, disc data ia available at main memory rather than disc 
accen delays with a probability that increases with main memory 
size. The HPE disc cache designers present an overview of the 
purpose of disc caching, its design approach, its advantages over 
the alternatives, and its impact on the system price/performance 
of the HP 3000 family. 
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MPE Disc Cache In Perspective 

.• Why Disc Caching? _ 

A storage hierarchy can provide a cost effective system 
organization for computer systems. Each successive level of a 
storage hierarchy uses lower cost, but slower, memory components. 
By retaining frequently accessed code and data in the higher 
speed memories, the system can operate at speeds close to the 
access times of the fastest memories but at costs approaching 
those of the slowest memories. The price and performance of a 
computer system is dominated by the organization and management 
of its storage hierarchy. 

Achievable system performance is a direct function of 
processor speed and utilization. Processor utilization is 
limited primarily by its waiting time caused by misses at various 
levels of the storage hierarchy. Thus, for optimal system 
price/performance, the processor speed and the capacity, speed, 
and management of the levels of the storage hierarchy must be 
matched. In order to fully utilize the processor capacity, the 
system must achieve a sufficiently high probability of finding 
data when referenced at the highest levels rather than having to 
go to the lower levels of the hierarchy. 

When a low hit ratio at a certain level of the storage 
hierarchy is causing low processor utilization (thereby limiting 
achievable system performance), a number of alternatives exist to 
resolve the problem. These include improving the management 
policies of the levels, increasing the capacity of the level 
incurring the low hit rate, speeding up the access time of the 
next lower level of the hierarchy, and introducing a new level 
into the storage hierarchy. Cost and technology determine which 
alternative or combination of alternatives is optimal. 

This paper focuses on the innovative solution to the main 
memory/disc bottleneck which MPE Disc Caching provides for the HP 
3000 computer family. 

The levels of the storage hierarchies of HP 3000 computer 
systems (1) range from: 

1) Processor registers, to 

2) Microcode store, to 

3) Processor cache, to 

Ii) Main memory, to 

5) Discs, and to 

6) Tapes 

69-2 



MPE Disc Cache In Perspective 

Each of these levels uses memory components which have a 
significantly lower cost-per-byte but a significantly longer 
access time. 

The higher-end 3000 systems currently suffer from low 
processor utilization in some database and disc I/O intensive 
installations. This negatively impacts the growth capability for 
customers. The low processor utilization is due to processor 
idling while misses at the main memory level are being resolved 
from disc storage. Main memory capacities beyond a few megabytes 
may provide limited incremental improvement. 

The 3000 RltD lab teams have been working to resolve this 
imbalance. MPE Disc Caching is the solution that HP has 
developed. MPE Disc Caching optimally exploits current coat and 
technology tradeoffs to eliminate the imbalance. 

·- What Is MPE Disc Caching 1 ... 

MPE Disc Caching is an optional MPE subsystem which manages 
retrieval and replacement of disc "domains" or regions in excess 
main memory. It locates, moves, and replaces disc domains in 
main memory so that .a significant portion of the references to 
disc storage can be resolved without incurring physical dhc 
access delays. 

The MPE Disc Caching policies are fully 
MPE kernel, file system, and I/O system. 
performance to be optimized based on 
availability and workload demand. 

integrated with the 
This allows system 

current resource 

Ancillary to MPE Disc Caching, there is a set of external 
controls, measurement and simulation tools to allow users to 
manage and predict the operation of caching on their systems. 
Operator commands are available to enable or disable caching on a 
device basis, and to display general caching statistics for a 
device. Measurement tools have been enhanced to display relevant 
disc cache usage and performance statistics. A special 
simulation tool has been developed which analyzes disc access 
traces from HP 3000 systems and produces disc cache performance 
statistics for specified cache memory sizes. With this tool, 
main memory requirements to efficiently support disc caching can 
be predicted for existing HP 3000 installations . 

... MPE Disc Cache Design Approach ... 

The MPE kernel resource management mechanisms and strategies 
(2) provide an efficient, integrated approach to resource 
management. The MPE disc cache mechanisms and strategies are 
integrated with those of the kernel, and exploit the file 
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system's knowledge of file structure and access method to enhance 
prefetch and replacement decisions for disc domains. Microcode 
assist is exploited to rapidly locate cached domains in main 
memory. 

The kernel's main memory placement and replacement mechanisms 
are extended to handle cached disc domains in the same manner as 
segments. Thus, cached disc domains can be of variable size, 
fetched in parallel with other segments or cached disc domains, 
garbage collected, and replaced in an integrated manner with 
stacks, data segments, and code segments. The relative 
allocation of main memory between stack, data, code and cached 
disc domain objects is entirely dynamic, responding to the 
workload's current requirements and current memory availability. 

When a request is made to access disc information, the list 
of currently cached disc domains of the specified device is 
searched using the linked list search instruction. If the 
requested disc domain is present in main memory, the data is 
moved between the process' data area and the cached copy of the 
requested disc domain. The process will continue executing 
without an interruption or process switch. 

Ir the access request is a write and there is currently a 
write pending against the specified dhc domain, the process' 
request is queued until the pending write is posted to disc. If 
the disc domain to be written is not currently cached, an 
available region of memory ia obtained which is used to map the 
corresponding disc image - i.e., no fetch or the disc domain to 
be written is required. When the move effecting the write takes 
place from the process' data area to the cached image of the 
disc, a post to the disc h initiated. Only the portion of the 
cached disc image which is modified by the write is posted. After 
the move to the disc image is performed and the post to disc is 
initiated, the writing process is allowed to continue running 
without having to wait for the physical post update to complete. 
Disc integrity is insured within the operating system and 
subsystems through serial posting on a global basis of writes 
with posting order constraints. At the user level, wait-for-post 
can be specified on a file or system basis in place of the 
default no-wait-for-post. 

When a request is made to read data which is not currently 
cached, the fetch strategy uses knowledge of the file blocking, 
extent structure, access method, and current memory loading to 
select the optimal size of disc domain to be fetched into memory. 
The fetch of the disc domain is initiated through the memory 
manager on the current process' stack without a process switch. 
The fetch is performed in an unblocked manner so that the 
requesting process or another process can run in parallel with 
the cache fetch from disc. 

When a process completes referencing a cached disc domain in 
sequential mode, the domain is flushed immediately from main 
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memory since it won't be needed again. In th is way, 111emory 
utilization is improved over that achievable with the kernel's 
approximate least recently used (LRU) replacement algorithm. 

With these mechanisms and strategies, HPE Disc Caching 
significantly reduces the traffic between the main memory and 
secondary disc storage and significantly reduces delays to read 
or write disc information. It does so in a manner which is 
superior to its alternatives when evaluated by cost, reliability, 
and performance measures. The advantages over its alternatives 
are discussed in the followi~g section, followed by a discussion 
of its impact on 3000 system price/performance. 

- Advantages Over Alternatives •. 

There are several alternatives to HPE Disc Caching which 
could help address the high traffic rate and long delays between 
111ain and secondary disc storage on 3000 systems. Software 
alternatives focus on providing localized caching on a subsystem, 
file, or application basis. Hardware alternatives focus on 
reducing access time to disc storage or increasing the number of 
concurrent paths to disc storage. 

The software alternatives are all localized and unresponsive 
to current memory loading conditions. The -ount of memory 
devoted to the caching of a specific file or subsystem would 
likely be either excessive or insufficient at any given moment, 
depending on the current memory availability and the current 
workload demand and priority structure. 

Access times can be improved by speeding up the discs, 
introducing a new level in the storage hierarchy between 
semiconductor main memory and moving head devices, or caching the 
discs with a peripheral cache. Access capacity improvements can 
be accomplished by adding more parallel paths to secondary store 
with 111ore discs, controllers and channels. 

Speeding up discs involves technology limitations and 
tradeoffs between performance, cost, and reliability. Access 
time improvements that compare with the order of magnitude 
improvement p1·ovided with HPE Disc Caching are unlikely at any 
cost, even with head-per-track approaches. 

Introducing a new level in the storage hierarchy which 
exploits bubbles or CCDs as a gap filling technology has not 
proven to be cost effective when compared with exploiting high 
density semiconductor memory technology in very large 111ain 
memories. 

A peripheral disc cache [3),(4) can be built into the 
controller or disc or can be a separate system component which 
front-ends a selected subset of the disc subsystem. There are 
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cost, perfonnance, and reliability tradeoft. involved between 
each of these peripheral disc cache architecture alternatives. 
MPE global disc caching in the SPU's (syste• processor unit) is 
superior to the best achievable cache architecture by all three 
measures. 

Evaluated with respect to cost, a peripheral cache requires 
additional power, cooling, cabinetry, and electronics as well as 
the caching memory which is required for disc caching in both 
peripherals and main memory. 

Evaluated with respect to reliability, the MPE disc cache 
introduces no new hardware components into the system. The 
reliability is identical to the uncached system whereas any of 
the peripheral cache archi tecturea necessarily degrade system 
reliabilty due to their introduction of hardware components. The 
software/firmware complexity of the two alternatives is roughly 
the same, so reliability degradation clue to cache management is 
comparable. Since the HPE Disc Caching is built into MPE, it has 
the potential to evolve toward improving system reliability (e.g. 
automatic extent sparing on write failures). Also, the posting 
strategy of the peripheral cache is not integrated with the 
system posting strategy so that a consistent level of interrity 
is not guaranteed. 

Evaluated with respect to perfonnance, the MPE disc cache has 
clear advantages in access time, access rate, and cache memory 
utilization. 

Access to cached disc domains is provided on the current 
process' stack with a combination of finnware and software. Not 
even a process switch is required. The acceBB time is on the 
order of a very few ma which scales with processor speed. Access 
to a peripheral cache requires at minimum a trip through the I/O 
software and interrupt system, a process switch, plus the cache 
access time of the peripheral cache. 

Achievable cache acceBB rate of the main memory cache is 
roughly the inverse of the cache access time (several hundred 
accesses per second, scaling with processor speed). This rate is 
achievable because the main memory cache is a parallel server. 
When one process encounters a miss on cache, the processor can be 
applied to another process which can access the cache 
concurrently with the resolution of cache faults of other 
processes. This level of parallelism would be very difficult to 
achieve in ariy of the peripheral cache architectures. Also, the 
best case access of any peripheral cache architecture is aeveral 
times that of the main memory cache. Therefore, even if full 
parallelism were achievable in a peripheral cache, the best 
achievable access rate can only be a small fraction of that 
achievable with the main memory cache approach. 

Cache memory utilization of global SPU caching inte1rated 
with the MPE kernel is superior due to several factors. The 
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B111ount of cache memory applied to a cached device is responsive 
to the current utilization of the device. The size or a 
pre!etched disc domain is tailored to the structure of the data 
(e.g. the cache mechanisms fetch extents instead or fetching 
tracks which contain unrelated data or only pieces of the 
reqttired extent). The replacement policy exploits operatin1 
system knowledge of access patterns (e.g. the policy flushes a 
cached disc domain from the cache memory after sequential 
reference and on file purging). 

The traditional way of addressing the disc bottleneck on a 
disc-bound system has been to increase disc access capacity by 
adding more discs, controllers, and channels. This approach is 
very expensive, and ana its improvement in secondary store access 
time and access capacity cannot match that provided by HPE Disc 
Caching. 

. .. Impact On 3000 Family System Price / Performance _ 

MPE Disc Caching provides a significant improvement in 3000 
family system price/performance for a large class of workloads. 
With the higher-end systems and a large class of 3000 application 
environments, MPE Disc Caching effectively reduces the system 
cost required to achieve a given performance level and 
significantly increases the system performance which is 
achievable for a given cost. 

Although MPE Disc Caching introduces increments in system 
cost; due to the expense of the optional software product and 
additional main memory for caching, these increases are more than 
offset by the reduction in system cost due to the ability to 
exploit the very attractive $/Mbyte advantage of HP's large 
capacity discs without suffering a significant performance 
disadvantage. 

In 3000 systems without disc caching, exploiting the roughly 
fourfold $/Mbyte advantage of the 793X discs over the 792X discs 
comes at a significant performance cost due to the effective 
fourfold reduction in disc access capacity caused by the 
reduction in concurrent disc servers. Since the disc subsystem 
is utilized at a much lower rate with HPE Disc Caching, this 
reduction in disc access capacity has a limited impact on system 
performance. Second-order cost impacts are also achieved in that 
disc maintenance costs are reduced due to fewer drives and lower 
utilization of the drives. 

Achievable system performance for installations with excess 
processor capacity is significantly higher with MPE Disc Caching 
than that with uncached configurations. 

System response times are reduced due to the reduction in 
queueing delays and service times for the resources required to 
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complete transactions. Disc queue lengths and frequency ot 
visits to the discs are reduced. The queueing delays and holding 
times of system and application locks are significantly reduced 
since the disc delay components of the holding times are reduced. 
Since disc and database queueing and service time delays dominate 
the response time in uncached systems for many HP 3000 workloads, 
the impact on system response time due to disc caching can be 
expected to be significant. System throughput is improved due to 
the reduced response times and reduced contention for resources. 

As a workload grows, the upgrade to higher perfonnance family 
members becomes a very attractive alternative from a 
price/performance perspective . 

.• Conclusions _ 

MPE global disc caching in the SPU provides an innovative 
solution to overcoming the huge access time gap between main 
memory and disc storage and the long database semaphore queueing 
delays caused by this gap. MPE global disc caching in the SPU 
provides a solution which exploits the current cost and 
performance tradeotfs of memory and processor technologies. The 
solution is superior to the alternatives when measured by cost, 
performance or reliability. MPE disc caching provides 
significant system price/performance improvements across the HP 
3000 family as well as an attractive upgrade for existing HP 3000 
installations. 
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OPl'IMIZING SYSTEM PERFORMANCE 

David S. Wertheim 
Hewlett-Packard 

WHY TRY TO OPTIMIZE SYSTEM PERFORMANCE? 

The most often heard cry from users today is bigger, better and 
faster! In a nutshell, they want to be able to do more work in 
less time. Many people from the old school say "throw iron at 
them".1 That may be necessary, then again it may not be necessary. 
You wouldn't go to a Dr. who after you told them you had heart 
pains suggested open heart surgery would you? Would you? Often 
times fine tuning can improve performance of existing systems and 
satisfy user requirements. We will examine the most important 
factors that effect computer syste11 performance and discuss 
measurement and evaluation techniques that will lead to reduced 
user response times, and improved system throughput. 

Reducing user response times and improved system throughput seem 
noble enough goals, but these two goals have caused more grey hair 
and ulcers for MIS directors and system managers alike. Why? 
Because they are inverse relationships. If you want the very best 
response time - get a single terminal S/64. Whenever the user 
requests a task, all of the S/64's resources are at its disposal. 
The system throughput and price/performance suffers however, since 
the machine remains idle most of the time. Response time suffers 
when you try to optimize system throughput. I am always reminded 
of the image of lines at the supermarket. The maximum system 
throughput occurs when there are too few cashiers, and lines start 
to form. The cashiers are fully utilized (ie. always busy) but 
response time (the time to check out and pay) suffers greatly. In 
the supermarket though, you have the choice - to leave your basket 
and go to the nearest 7 - 11 and forget it. In a computer system 
you're not quite that fortunate (the break key does have some merit 
though). Our goal then is to find the right balance between 
acceptable response times and good system throughput. 

I will discuss response time from the interactive point of view 
since online users are much more sensitive to delays in response. 
The batch user can merely substitute elapsed time for response time 
throughout this discussion. Response time is basically the time 
when a user requests a task, to the completion of that task.2 The 
factors that determine that time are; data communications rate, 
system time, and tenninal rates. I will leave datacomm and 
terminals for other discussions and will focus on the system 
component. 1'his component can be split into 4 pieces; CPU, Memory, 
1/0, and the application. I will focus only on the first three, 
since the effects of applications on performance could fill many 
volumes, as we would need to delve into IMAGE, KSAM, COBOL, WORD 
RAPID, graphics, Manufacturing software, Financial software ..• 3 
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The components we will discuss are important because the 
interaction of these resources control the length of response time. 
To improve response time, reduce this interaction time! In order 
to do this we must first understand bow these resources effect 
response time, how their utilization can be measured, and finally 
how their utilization can be reduced. Throughout this discussion, 
percentages and guidelines will be indicated where possible. These 
are by no means the only "accepted" ones, but rather represent the 
opinion of the author. 

CPU 

The central processing unit (CPU) is the controller of the system. 
It processes tasks on a priority basis and can work on only one 
task at a time. The objective of effective resource utilization 
can best be met by utilizing the CPU and I/O resources 
concurrently. The profile of most transactions is depicted in 
figure 1. 

CPU BUSY -

1/0 BUSY 

Figure 1 

When the cpu schedules I/O for a process, it then becomes available 
for the next process which is "ready to run". If there are none, 
the cpu waits - until a process becomes ready, or the process 
executing I/O completes and it becomes ready to run. For a single 
user system, this would be like boiling a pot of water for tea, and 
standing there waiting for that event to occur - terribly wasteful. 
On the other hand, when many processes require the cpu 
simultaneously, most will have to wait for their time slice. Can 
you remember going to the bank, Friday the 31st of the month at 
12:00 noon? Even though your transaction will only take 30 
seconds, you wait in the line (queue) for your turn. 
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(NOTE: HPE does give you some flexibility by use or the scheduling 
queues to detennine which processes get preferential treatment. 
For example, most users setup C Limit to have better priority than 
D Base Therefore any interactive request is satisfied before all 
batch requests. The only time a batch process will run is when 
there is no interactive process ready to run). We measure the 
effectiveness of cpu utilization by the percent of time a process 
makes a request, and finds the cpu busy with some other task (CPU 
busy J). This can be measured by OPT/3000 (On-line Performance 
Tool). A value of 8oJ or greater represents fairly heavy 
utilization. 

HOW TO OPTIMIZE CPU UTILIZATION 

In situations like these, the solution is to reduce contention for 
the CPU. This can be accomplished a nwnber or different ways. 
Load management techniques can be implemented that would schedule 
heavy loads to non-peak timeframes (overnight, weekends). Another 
often used approach is to make database updates to a file that gets 
streamed during non-peak hours. This has the advantage of allowing 
maximum accessability to the database during high activity periods. 
The disadvantage is the database is not always in the most current 
state. Applicaton programs could be evaluated for redundant or 
sub-optimal code. This is an area that sometimes raises the neck 
hairs of programming staffs. You want to examine HY code? In many 
cases, tight scheduling has forced the elimination of the 
optimizing phase of the project. Since many applications 
proliferate to installations throughout the world, I am of the firm 
belief that optimizing that code once, will save an inordinate 
amount of execution time at end user sites. When you multiply that 
by the number of times the application will be run, the cumulative 
effect is staggering. (ROTE: This whole issue has received a lot 
of attention with the advent or programmer productivity aids. 
Typically these aids dramatically reduce the time needed to produce 
code. However, they also produce code that is not as efficient as 
an experienced programmer could.) APS/3000 (Application Program 
Sampler) can be used to isolate what segments (or even lines of 
code within segments) when optimized will leverage your efforts. 
Achieving 100~ improvement in a segment that executes lJ of the 
time is not as good as a 1% improvement that executes lOoJ of the 
time! After these alternatives have been evaluated, the analysis 
sometimes indicates it would be more cost effective Just to get a 
faster cpu to reduce the utilization. 

This is not the case however if the utilization is under 30%. 
Additional horsepower will buy very little improvement. Referring 
back to figure 1, if the cpu component is 50 milliseconds, and the 
1/0 component is 400 milliseconds (10 I/O's at 40 HSEC per I/O), 
what improvement can be expected if we double the cpu power - 25 
milliseconds. By and large, this effect is ne§ligible. As the old 
saying goes "all cpu's wait at the same speed!' Additional 
horsepower may complete the cpu component in half the time, yet 
while the process waits for other resources, the cpu also waits! 

69-11 



F'jjl HEWLETT 
~/:a PACKARD 

BUSINESS DEVELOPMENT GROUP 19447 Pruneridge Avenue, Cupertino. Californla 95014 lelephone 408725-81I1 

MEMORY MANAGEMENT 

The effects of memory management on performance have been well 
documented so I won't spend much time here except for a few 
observations. With the price of memory dropping it does not make 
much sense to be underconfigured (some users with S/30/33's and 
S/II's are somewhat constrained). In fact, memory really only 
comes into play as a major component when it is underconfigured. 
In order to execute, a process requires that its stack, a code 
segment, and any extra data segments that it needs immediately be 
in memory. When a process references a segment that is not in 
memory (an absence trap), that segment must be brought into memory 
before the process can continue. If there is enough free memory, 
the memory manager allocates a free region for the segment and 
brings the segment in. If there is insufficient memory, a segment 
must be removed from memory (swapped out) or overlaid (only code 
segments or unmodified data segments can be overlaid without being 
written out to disc). This whole procedure is called swapping, and 
is controlled by the memory manager. When this situation is 
particularly aggravated, we call it thrashing. Thrashing could be 
defined as the memory Jllanager busily swapping segments, but no 
useful work getting done. When a process is waiting for a swap to 
occur, and the cpu bas no other process ready to run, we say the 
cpu is "paused for swap". A value of 10% or less is considered 
normal, 10 - 15% cautionary, and greater than 15% is serious. I'd 
like to make an interesting point on how numbers can be deceiving. 
I can guarantee a system would never show these percentages for 
paused for swap by running an idler program in the EQ that grinds 
cpu (perhaps a basic program: 10 GO TO 10). When memory pressure 
occurs and a process is waiting for a segment to be brought in 
(pause for swap would normally occur), the cpu would have a process 
ready to run and would therefore show this time as cpu busy time! 
I make this point because it does not have to be the idler that 
causes this, any heavy cpu utilization will demonstrate the same 
trend. Another indicator of memory pressure is the percent of disc 
I/O generated by the memory manager. When 25% or more of all I/O 
is generated by the memory manager, memory shortages are occuring. 
Huch has been written about techniques to utilize less memory for 
those installations that are maxed out. These techniques range 
from shrinking the stack where possible, to removing static tables 
from the stack to code segments. 

DISC I/O AS A BOTrLENECK 

For today's systems the most important performance factor is 
clearly disc I/O. Discs are rotating mechanical devices and 
therefore operate at much slower speeds than cpus or memory. It is 
no wonder that disc I/O easily becomes a bottleneck. There are two 
ways to reduce this contention: complete each I/O faster, and 
request fewer I/O'sl 

Every disc I/O contains the following components; 
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Set up 
Overhead 

Seek Latency Tran9fer 

~~<E-·~~~~~ 

7920 1.1 25.0 MS 8.3 MS 737 KB/sec 

7925 1.1 25.0 MS 11.1 MS 737 KB/sec 
no 

7933 PEP 10.3 24.0 MS 11.1 MS 1060 KB/sec 

7933 PEP 3.8 24.0 MS 11.1 MS 1060 KB/sec 

Total Avg Access 

34.4 

37.2 

45.4 

39.0 

NCYrE: PEP represents an enhancement to the CS-80 firmware which 
reduces the execution time to issue commands to CS-80 drives. 
Effectively, every CS-80 disc access with PEP completes 
significantly faster than its non-PEP counterpart. 

All discs have these components, and these speeds are the 
technological speeds available for discs today. When disc 1/0 
requests are processed serially, the time to complete each 1/0 will 
be the average access times listed above. If multiple users 
request I/O, the sequence of events is depicted in figure 2. We 
will use 40 MS as the average disc access time. 

User A 
Request 

User B 
Request 

40 msec -·--·-

t 1 

waiting in 
Queue 

User C 
Request 

waiting in Queue 
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No.tice that any user that makes a request while another user's 
request is being processed, waits until that request is completed 
before it is scheduled. The result then is the cumulative timel 
With HPE IV, changes were made to the I/O system that enable 
dramatic improvements in this area. 

LOOK-AHEAD SEEKS 

The S/III has a feature called look-ahead seeks. When enabled, 
this allows the user to have multiple seeks scheduled 
simultaneously, so up to 4 discs can be seeking at the same time. 
When the disc controller is being scheduled to seek, it checks the 
disc request queues for up to 4 discs to see if they can be 
scheduled at the same time. Once the seeks are completed, the 
transfer still remains serialized, but we've eliminated 
serialization of the longest component (the seek). 

OVERLAPPED SEEKS 

Thia same philosophy can be accomplished on the HPIB systems 
(S/30/33/39/40/44/64) by using master disc drives (a master disc 
has a disc controller attached to it). This technique is called 
overlapped seeks. 

A 

Gic 

M 

I 
I 

Lj 
I 
I 

Lj 

B 

Gic 
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The above diagram illustrates the difference between a master-slave 
configuration, and an all master disc drive configuration. System 
A's perfol"Jllance would be similar to that depicted in figure 2. 
While the controller is waiting for the I/O request to complete, 
all other requests are queued. System 8 however can schedule each 
disc drive independently since each bas a controller. There is 
still the potential for a bottleneck at the GIC level, since only 
one controller can transfer at a time, however testing has shown 
with two masters/GIC negligible contention occurs, with slow rising 
contention from 3 to 4 masters/GIC, at which point the channel 
basically becomes saturated (see figure 3). That does not mean you 
cannot attach 5 or 6 mas.ters/GIC, merely that there is less benefit 
of devices 5 and 6 being masters - they could be slaves and would 
perform close to as well. Figure 3 illustrates average I/O rates 
for the 7925 disc drive. 

COHFIGURATIOH I/O'S I SEC 
·---------------------------· • 1 M, 1 G, 1 I • 22 • 
• 1 M, 2 G, l I • 22 • 
* 2 M, 1 G, 1 I • 44 • 
• 2 M, 2 a, l I • 44 • 
* 3 M, 1 G, l I • ~~ • 
• 3 M, 2 G, 1 I • • 
• 4 M, la, l I • 60 • • 4 M, 2 G, l I • 88 • • 5 M, 2 G, l I • 94 • 
• 6 M, 2 a, l I • 104 • 
-----------------------------• 4 M, 2 G, 2 I • 88 • ALL 2 IMB DATA IS 
• 4 M, 4 G, 2 I • 88 • ESTIMATED! THE 
• 5 M, 3 a, 2 I • 110 • SALES CENTER HAS 
• 6 M, 3 G, 2 I • 132 • HOT TESTED THISI 
·---------------------------· 

LEGEND: 

H = 7925 HASTER DISC DRIVE (10 - 30~ less for 
the 7933 without PEP) 

0 = GENERAL I/O CHANNEL (GIC) 
I = INTER-MODULE BUS (IMB) 

Figure 3 

HOW CAN THE USER CAPITALIZE ON THIS? 

The best way to capitalize on these features is to spread requests 
across discs to ~ain concurrency of seeking, as well as a 
concurrency of 1/0 with CPU. In a single user system (batch Job), 
no o~erlap can occur. If all users wish to access the same file, 
or a set of files that exist on the same disc - NO OVERLAP CAH 
OCCUR I How can a user determine this though? The best war, I've 
been able to find is a set of contributed programs called 'DISCIO", 
These programs analyze the log files looking for type 5 (File 
Close). They will format the file open/close activity based upon 
nwnber of times this occured, and will also indicate the disc drive 
the file resides on. This will usually give a good indication of 
which files are most heavily utilized, 

69·15 



FAD" HEWLETT 
11.:/!a PACKARD 

BUSINESS DEVELOPMENT GROlJP 19447 Pruneridge Avenue, Cupertino, CaUlornia 95014 Telephone 408 725-8111 

A common rule of thumb is 80/20. 80~ of all accesses are to 20~ of 
the files (some people say with respect to disc files this is more 
like 93/71). OPT/3000 will indicate which drives are most heavily 
utilized, and therefore that imbalances exist, but not which files. 
This philosophy of spreading accesses across discs pertains 
particularly well to virtual memory, as it flattens the disc drive 
distribution. (Thia used to be a big problem with heavy contention 
for LDEV 1 prior to HPE IV). 

Al)other Strategy that seems to be effective is to split heavily 
used master and detail IMAGE datasets across different discs. If 
they are on the same disc, you are guaranteed a certain amount of 
head movement will occur to access a record. However, if they are 
split, there's a chance that subsequent accessess will not have to 
reposition the head each time. The amount of benefit this buys you 
depends on the magnitude and type of accessing being done. 
Finally, some have suggested placing your heavily used files toward 
the middle of the disc. The philosophy is, on average you will 
traverse one third of the disc per access. If you place these 
heavily used files in the middle of the disc, generally you can 
shorten this seek distance. In theory this sounds plausible, in 
reality it is not easily accomplished. HPE allows you to choose 
what disc drive, but not what cylinder or track. The previous 
suggestions do however work well, and please note: once you find 
an optimal placement strategy, back it upl Remember when reloading 
to use the RESTORE option, or you efforts will have been wasted. 
(For double protection map out your file placement strategy and 
keep it in a safe, accessible location!) 

DISC I/O CACHING 

When I first heard the disc I/O optimizing principle - request 
fewer I/O's I can remember chuckling, how absurd! If I could get 
by with fewer I/O's don't you think I would? That's the whole 
issue of adding memory isn't it, so there would be fewer I/O's 
necessitated by the memory manager? Yes, in actuality it is. Now 
we see much greater strides in thinking we call "Disc I/O Caching". 
The principle behind cachinf is to eliminate PHYSICAL I/O's and 
replace them by LOGICAL 1/0 s. Whenever an 1/0 request is made, it 
takes approximately ~O MSEC to complete. Of that time, only 1 
MSEC/1000 bytes is for transferring data. By utilizing excess main 
memory as a cache for data with a high probability of access we can 
eliminate physical I/O's. When a physical access is made to the 
disc, instead of only transferring the requested data size, an 
additional amount is also transferred to the cache for future use. 
Clearly this will be very effective for serial access, however we 
have found even with random access locality does exist (the 80/20 
rule again). What is the cost of this? The additional overhead 
necessary to transfer additional data (for 16KB this is 16 HSEC).. 
The system can make a lot of mistakes (transfer data that turns out 
to be unneccesary) as long as it makes a couple of hits (the 
average cache access time is less than 5 HSEC/access). Preliminary 
testing has indicated greater than a 75~ hit ratio! In order for 
this to work however, there must be adequate memory to utilize for 
this purpose. The cache regions are treated like any other memory 
region and are subject to being overlaid. 
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If memory pressure exists, the hit ratio is likely to drop. 
Initial estimates indicate about 1 MB of main memory is necessary 
for this technique to be effective. To date, not enough testing 
has been completed to many any definitive statements. 

HOW DOES DISC 1/0 CACHING AND MASTER DISC DRIVES JIVE? 

The combination of disc I/O caching and master disc drives makes an 
interesting question. In other words, is it better to totally 
spread related data across master disc drives, or to bunch them on 
the same drive and capitalize on caching? Intuitively, my guess 
would be data that will be accessed simultaneously (or close to it) 
should be bunched together to allow the caching to be effective, 
s'ince the access time savings is substantial. This could be done 
by overtly specifying the drive and using naming conventions like 
AAl, AA2, •.. Since everything can't be bunched together, other 
related items should be spread across disc drives. This way, when 
physical accesses are required to replenish the cache, they will be 
completed expediently. In this way we accomplish both goals, 
complete each 1/0 taster, and request fewer I/O's! 

One last subject should be addressed, that of resource contention 
for file locks, Riffs, and other system tables. Both OPI'/3000 and 
APS/3000 have the capability to isolate many of these deadlocks 
(TUNER2 for key system tables as well) and should be utilized to 
dete1'llline the causes of bottlenecks. A general 1-ule is: hold 
resources for the minimun time necessary. This merely requires 
thinking through the way an application will use these resources 
from a global perspective. 

In conclusion, techniques are available to measure the main system 
resources; CPU, memory, and 1/0. Once the resource utilization is 
calibrated, bottlenecks can be isolated and steps take to alleviate 
contention. Through overlapping resource utilization, both system 
level goals can be accomplished; increasing system throughput and 
therefore reducing user response times. There is a balance between 
which of these requirements has higher priority, and that will 
determine the exact techniques utilized to accomplish that goal. 
In many cases, implementation of the above mentioned techniques can 
eliminate (or at least delay) the need for additional equipment in 
order to meet increasing end user demands. 
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ABSTRACT 

MPE V supports 255 code segments per program, as well as allowing most MPE 
Tables to reside anywhere in the first 4Mb of memory. These expansions 
necessitated several modifications to the HP3000 architecture. Relocation of 
MPE's Tables required changes to the LST and SST instructions. Removal of the 
code segment limitations and expansion of the Code Segment Table involved 
adding a new table, the Logical Segment Transfer Table (LSTT), to the HP3000 
architecture. In addition, alterations were made to the PCAL, SCAL, EXIT, 
IXIT, PARC, ENDP, and XBR instructions, the Segment Transfer Table (STT), and 
one bit in the Stack Marker. 

The presentation will quickly review the original HP3000 architecture, then 
explain the alterations for MPE V. 
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ARCHITECTURAL CHANGES FOR MPE V 
David N. Holinstat 

Since its first introduction, the HP3000 arohitecture has changed several 
times. For example, the Series I and its predecessors allowed a total of 255 
code segments for the entire machine, including MPE and all users. When the 
Series II was introduced, the architecture was modified to provide 192 code 
segments for MPE, plus up to 63 code segments for every program. Series II 
also provided 64-bit Extended Precision Floating Point, an improvement over 
the 48-bit precision found on Series I. Introduction of the Series 33 brought 
an entirely new I/0 system to support the HP-IB peripherals. 

The most recent change, part of the recently announced Series 42, 48, and 68 
systems, will remove many of the current "maximums" caused by the HP3000 
architecture itself. These architectural changes, along with the new MPE V 
operating system, will allow each program to have 255 code segments (private 
or shared), as well as allowing many critical MPE tables to double or 
quadruple in size. This will allow many more jobs, sessions, terminals, 
programs, etc., to be supported as were on MPE IV. 

General Table Expansion 

11 MPE has a table for everything." The MPE Tables manual currently has 20 
chapters and is several hundred pages in length. All the data required to 
control user processes, check security, handle memory and 1/0 resources, etc., 
is kept by MPE in its tables. So, as the number of terminals, sessions and 
jobs supported has grown, HP has needed to expand MPE's tables. However, for 
reasons which will become apparent, many of MPE's tables must be kept in Bank 
0 of memory. And recently, as the number of terminals and sessions allowed 
quickly grew, it became apparent that Bank 0 is not an unlimited resource! 

Historically, MPE has kept its data in an area known as the System Global Area 
(SYSGLOB), beginning at location jlOOO in Bank 0 of memory. When MPE wanted 
to access this data, it would set DB to O.jlOOO. (We write 110.%1000" for Bank 
O, loo. %1000.) It could then access tables (which are just arrays that 
happen to oontain MPE' s data) using the normal LOAD and STOR instructions 
(Fig. la). These instructions can directly address DB+O through DB+255, so 
MPE keeps pointers to the most important tables and a few very corrunonly used 
variables in this area (from jlOOO to %1377). When DB is set to SYSGLOB, many 
tables can be accessed with normal LOAD and STOR Indirect instructions. For 
example, suppose location %1005 points to the I/O Request Queue (IOQ). We can 
access the 20th word in the IOQ with the following code sequence: 

Instruction 
(a) LDXI 20 

LOAD DB+5 1 I 1 X 

Function 
x := 20; 
TOS :: ((DB+5) +DB + X) 

: (j4000 + %1000 + j24) 
= (%5024); 

[Please see Fig. 2 for the sample SYSGLOB layout to be used in these examples. 
Note that " ( jnnnn)" means the contents of loo. jnnnn. Also, since all 
Store-type instructions function exactly like the Load-type instructions as 
far as address calculation goes, all examples use the Load-type instructions.] 
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It became apparent that it was very uneconomical to always switch the DB 
register of SYSGLOB when accessing system tables, because the actual act of 
switching can take significant CPU time. Thus, the Load System Table (LST) 
and Store ·system Table (SST) instructions were designed. These instructions 
reference tables in SYSGLOB without actually switching the DB register (Fig. 
lb). So, code sequence (a) can be replaced by sequence (b), without regard to 
the current content of the DB registeri 

(b) LDXI 20 
LST 5 

X I= 201 
TOS 1= ((SYSDB+5) + SYSDB + X) 

= (,4000 + ,1000 + ,24) 
= (,5024) I 

The addressing range of LST is 0-15 1 because only 4 bits could be spared in 
the opcode. (Such are the problems with adding instructions after the 
original design!) So, in order to make the instruction more useful, LST 0 was 
given a special meaning. When an LST 0 is executed, the offset to the array 
pointer is taken from TOS, thus giving an even greater range than the other 
Load instructions. For example, reading the 30th word of the Example Table 
(pointer at DB+134) could be done as follows: 

(c) LDXI 30 x := 30; 
LDI 134 TOS := 134; 
LST 0 TOS :: ((SYSDB+(TOS)) + SYSDB + X) 

= ((,206) + ,1000 + %36) 
= ,,101400 + ,1000 + %36) 
= (J102436) 

Examples (b) and (c) certainly require as many or more instructions as does 
(a). However, they don't require DB to be set, an operation taking dozens 
(possibly hundreds) of instructions. 

There is one fault, however, with both of the above approaches to system table 
access. Whether we use the normal LOAD instruction with DB-relative 
addressing (implying DB set to 0.,1000) 1 or the LST instruction, which 
addresses relative to SYSGLOB (0.,1000) implicitly, we have one critical 
limitation: we are always addressing somewhere in Bank O. This means that 
any tables addressed using one of the preceding methods must be in Bank 0, 
When you recall that a bank of memory on the HP3000 contains exactly 65,536 
words, you realize that as MPE grows larger, we will have a problem finding 
space for all of the tables. And the need for space becomes particularly 
acute when adding terminals and sessions, since each terminal requires one 
entry in each of several I/0-related tables, and each session requires entries 
in many job-related tables. 

One possible solution would be to use absolute addressing for all tables, 
There are problems with this, however: First of all, our degrees in Computer 
Science would all be retroactively revoked I More seriously, an absolute 
address takes 2 words, one for Bank and one for Offset. This means that the 
255 locations in SYSGLOB that are directly addressable could hold only 127 
pointers maximum, instead of the 255 possible today. Also, some tables 
contain cross-references to several other tables. Today these cross-reference 
pointers are usually SYSGLOB-relative. Thus, a table entry containing 
pointers to 5 other tables would have to be 5 words longer to hold absolute 
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address pointers to the 5 other tables. If the table has 100 entries, we have 
just used 500 more words! So, absolute addressing was ruled out to the extent 
possible. 

Instead, it was decided to ohange the format of system table pointers, and 
change the I.ST and SST instructions as well. Instead of a 16-bit 
SYSOLOB-relative pointer, L,ST and SST will now expect a pointer with the 
following format: 

I Base. (0: 11) I Bank I 
1.,,.._~~~~='~~--=I 
0 10 11 15 

Bits (11:5) specify the bank in which the table will be found. The base 
address is calculated by setting the bank bits ( 11 :5) to zero and adding 
JlOOO. Note that the base address is calculated as it currently is, except 
that the low order 5 bits are set to zero. The new format has several 
ramifications: 

1) The use of 5 bank bits allows HPE tables to be loaded anywhere in 
the first 32 banks (4 Mb) of memory. 

2) MPE tables are required to begin on 32-word boundaries, since the 
last 5 bits of a table address will always be zero. 

3) Compatibility with Series II, III, 30, 33, 40, and 44 is maintained. 
Separate versions of HPE will not be required. 

Point 3 needs some clarification. Beginning with MPE V, INITIAL will always 
create those tables referenced via LST/SST on 32-word boundaries. However, it 
will also determine whether it is running on a machine with HPE V level 
firmware or not. If not, INITIAL will simply locate all such tables in Bank 
O. The old LST instruction then sees a 16-bit pointer whose low order bits 
happen to be O; this points (correctly) to the beginning of the table. If one 
were now to install the MPE V firmware and do a COOLSTART, the new firmware 
will see the same table addresses, this time pointing specifically to Bank O. 
So, HPE V will run on both old and new firmware without problem. Of course, 
if HPE V is configured with larger table sizes than can possibly fit in Bank 
o, and is so installed on a machine with the old firmware, you will get the 
old, friendly 110UT OF MEMORY" message from INITIAL! 

Code Segment Table Expansion 

Recently some HP3000 users have attempted to run several large applications 
systems on the HP3000 simultaneously -- and have been rewarded with the 
message "OUT OF CST ENTRIES--UNABLE TO LOAD PROGRAM TO BE RUN". Upon 
examination of the configuration, they find that the Code Segment Table is 
configured to its maximum 192 entries. These users have often asked, "Why 
doesn't HP just change the maximum size of this silly table?" Unfortunately, 
expanding the CST is not just a matter of changing the size of an array in 2 
or 3 MPE modules and recompilingi It has taken a major revision of HPE and of 
the 3000 architecture to allow each program 255 code segments. The following 
section will explain the Code Segment Table (CST) structure, both new and old, 
as well as the difficulties involved in changing it. 
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Let's quickly review the concept of a code segment. All memory on the HP3000 
is divided into code segments, data segments, and free areas. All program 
code is kept in code segments, and all data in data segments. But these 
segments can be located anywhere in memory. So, to begin running a program in 
code segment 2, we first have to find code segment 2. To do that, we look in 
the Code Segment Table (CST), where there is a four-word entry for code 
segment 2 (Fig. 3). Among other things, this entry tells whether the segment 
is in memory ("Present") or on disc ("Absent"). If present, the CST entry 
tells where the code segment is located and how long it is. To begin 
executing code within this segment (after a PCAL or EXIT), the 3000 sets PBank 
I= Bank, PB := Base, P := Base + desired offset into segment, and PL := Base + 
(Length/4)•4. The format of the Code Segment Table entry hasn't changed much 
since the original 3000. What has changed is the way in which we find the 
appropriate entry. In other words, the layout of the CST has changed, but the 
content remains the same. Changing the layout once more with the release of 
the new Series 42-48-68 machines has enabled us to remove the 192 entry 
limitation, as described below. 

The first point to discuss is a very important limitation1 A code segment is 
identified by its number, which is between 1 and 255. This limitation comes 
from the fact that only 8 bits are allowed for the segment number (Seg#) in 
the Status register. Changing this limitation directly would cause incredible 
problems! For example, suppose we wanted to quadruple the address~ng range to 
1024, which would require 10 bits for Seg# instead of 8. First, to hold the 
extra bits, we would have to make the Status register an 18-bit register. 
(Those of you with microprocessor experience know how easy it is to find a 
register chip with 18 bitsl) Furthermore, the extra 2 bits would have to go 
in the stack marker. We can get one bit reasonably easily, but not two; 
therefore, we would have to go to a 5-word stack marker. Changing to a 5-word 
stack marker would mean that all of MPE and all user programs in the world (I) 
would have to be recompiled. Except, of course, SPL programs, which would 
have to be rewritten! Given that HP likes to brag about compatibility, this 
"brute force" method of adding more code segments can be quickly rejected. 

The Code Segment Table architecture has been modified once before. The Series 
I and its predecessors had the simplest CST structure. At any given time 
there were 255 code segments available on the machine, numbered 1 to 255 (Fig. 
4). The total number of code segments assigned to MPE and all running 
programs could never exceed 255. Of course, since the 3000 was introduced 
with a maximum memory size of 64K words, this was quite reasonable. As the 
system grew and more users were added, resources became more precious. One 
result was the first CST expansion, which was introduced with the Series II. 

With the advent of the Series II, the Code Segment Table was divided into 2 
domains: the system Code Segment Table (CST) with entries for segments 1-191, 
followed by the Code Segment Table Extension (CSTX) (Fig. 5). In the CSTX are 
blocks of entries, one block per program. Each block contains entries for 
segments 193-255 (J301-J377). MPE segments are assigned entries in the system 
CST, as are user segments that come from a Segmented Library (SL). Program 
segments have their entries in the CSTX. So, if a program has 6 code 
segments, there will be a block of entries in the CSTX for segments J301-J306. 
A program having 63 segments will have a CSTX entry block containing entries 
for segments J301-J377. A pointer in absolute memory loo. 1 points to the 
block of CSTX entries in use at any given time; this pointer is updated by the 
MPE Dispatcher whenever it launches a process. This architecture is the basis 
for the current CST limitations& 191 system and SL code segments, and 63 code 
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segments per program. One can easily imagine 20 programs running, each with 
63 code segments; this is a vast improvement from the 255 code segment maximum 
on Series I. 

However, there is still a problem with the above method. As noted, there is a 
block of CSTX entries for each program. But only code segments that are part 
of a program can have entries in the CSTI, be9ause these segments are only 
accessible when that program is running. Sharable segments--i.e. 1 segments 
coming from an SL--are not associated with any particular program. Therefore, 
to allow them to be accessed from any program, they must be given entries in 
the system CST. Since HPE can use up to 100 of the 191 available entries, 
there is clearly a rather strict limitation on the number of SL segments a 
program can use, Unfortunately, large application systems, such as HP's own 
ltf/3000 and HPFA, use many sharable segments in the interest of efficiency: 
If a code segment is included in 5 different programs (for example, using an 
RL), then when all 5 programs ire running, 5 copies of the segment must reside 
in memory; but if the segment la put into an SL, it is made sharable, and one 
copy can be used tor all 5 programs. This takes, however, another CST entry. 
So 1 for MPE V, a scheme was developed to allow more entries in the CST by 
introducing the concept of "code segment mapping". 

Under the new system, a code segment can be "logically mapped" or •physically 
mapped". Physically mapped code segments will be located as they are 
today--with entries from O through 255 beginning at the CST Base address 
stored in absolute loo. 0, There can only be 255 physically mapped code 
segments, and these will all be reserved for MPE. All user segments will be 
logically mapped, including subsystems such as EDITOR and COBOL. Program 
segments will have entries in the CSTI, similar to the current (Series II -> 
64) systems. Sharable user segments (i.e., SL segments) will have entries in 
the CST with physical segment numbers of 256 and greater. A CPU-internal flag 
will control the current mapping state of the CPU1 physical or logical. This 
will not be held in the Status register, because (as mentioned previously) 
there is no space available there. 

When the CPU transfers control to a logically mapped code segment, it looks 
first at a new table, the Logical Segment Transform Table (LSTT) (Fig. 6). 
Each program has its own LSTT 1 which is pointed to by absolute loo. 
J1221-J1222 whenver that program is running. (The Dispatcher updates these 
locations, as well as loo. J1223, the number of CSTX segments in the program, 
whenever a process is launched.) To transfer to logical segment 21 the CPU 
looks at Entry 2 in the current LSTT, which contains the physical segment 
number of the target segment (Fig. 7). The CPU then uses this physical CST 
number to index into the· system CST, where the appropriate entry points to the 
code segment in the usual manner. This physical segment number can be as high 
as 2047, which is the new maximum number of CST entries. 

When the CPU transfers control to a new code segment, 
whether the segment is physically or logically mapped. 
were made to some famiiiar architectural structures: 
Transfer Table) and the Stack Marker. 

it must determine 
To do this, changes 
the STT (Segment 

To explain the differences between the old and new approaches, we should first 
look at a few examples of the old (current) method. PCAL will be used as an 
example; refer to Fig. 8 ror illustration. 
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Suppose a PCAL 1 is executed. First, a Stack Marker is written on the stack. 
Then, the CPU checks to see if 1 (the PCAL operand) is less than or equal to 
the number of Plabels in the STT (STT Length) 1 found at PL-0. If so, the 
Plabel at PL-1 is read. Bit 0=0 signifies that this is a local Plabel, in the 
format shown. If Bit 1 (U)=l the segment is uncallable, and user mode callers 
will abort with an STT Uncallable Violation. Finally, Bits 2-14 are a 
PB-relative offset into the current segment. After bounds checking assures 
that (PB <= PB + new Delta-P <= PL), PB and P are set to the new values, which 
transfers control to the new procedure. 

Now, suppose a PCAL 5 is executed (Fig. 9). A stack marker is written, and if 
5 <= I of Plabels, PL-5 is read. Bit 0=1 signifies that this is an external 
Plabel. That means the procedure we want is in another code segment, and the 
first order of business is to find that other segment. The segment number is 
in the Plabel, bits 8-15. (Note that Segf is only 8 bits long here as well!) 
If Segf is less than 192, the CPU looks in the CST; otherwise it looks in the 
CSTX. The 4-word CST entry pictured in Fig. 3 begins at the following 
address: 

For CST: Segf • 4 + CST Base 
For CSTX: (Segf - 192) • 4 + CSTX Base 

The CST Entry tells the CPU if the segment is present or absent. If absent, 
the PCAL stops here, and MPE is awakened via an Absence Trap. If the target 
segment is present, the CST Entry gives the absolute starting address (Bank 
and Base) as well as the segment length. Assuming the segment is in memory, 
the new PL value is calculated, and the Plabel at (new PL - ST'r#) is read, 
where STTI is bits 1-7 of the Plabel already read from the current segment. 
The new Plabel read from the target segment must be in internal format; 
otherwise the process will abort with an STT Violation. At this point, bounds 
checking is performed and control transferred as described above. 

With MPE V and the new firmware, the STT will look a bit different (Fig. 10). 
Bit 0 of a Plabel will no longer be used to signify internal/external, but 
instead to indicate whether the target oode segment is ohysically or logically 
mapped. The internal/external determination will be made via word 0 of the 
STT, which will hold "number of local Plabels" as well as "number of Plabels". 
The local Plabels are always written at the beginning of the STT, so for a 
PCAL n the determination is made as follows: 

r-> ll•• Plobol f~o TOSI 
defined to be in external format. 

O < n <= flocal Plabels -> Local format 
n 

llocal Plabels < n <= IP labels -> External format 

IP labels < n -> STT Violation 

When an internal PCAL is performed (calling a procedure in the current 
segment), PCAL will operate exactly as today, as described previously. But if 
an external PCAL is done, the CPU will behave quite differently (Fig. 1 la). 
First, the stack marker will be written and the Plabel at PL-n read as before. 
If bit 0 of the Plabel is 1, signifying a physically mapped segment, the 
segment number is used to directly access the CST as before, although the 
allowable range of segment numbers will now be 1-255 instead of 1-191. The 
CPU's mapping flag is set, and control is transferred. However, if bit 0 of 
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the Plabel is o, then the CPU must first check memory loo. %1223, which tells 
how many segments the program file has. If segment number <= I program 
segments, then the code segment entry will be found in the CSTX entry block 
for this program (Fig. 11b). (As previously described, memory loc. 1 points 
to the current CSTX block.) If Seg# > I program segments, then this is a 
shared (SL} segment (Fig. 1 lc); furthermore, the Segl that we have is a 
logical number. We must look in the LSTT at loc. (2 • logical Seg#) to find 
the physical Seg#. Thia physical Seg# is then used to access the CST, which 
now has 201!7 as largest possible segment number. Note that the Status 
register reflects the logical segment number, but the mapping flag says 
"logical mapping". Thia enables the CPU to know where to look for a given 
code segment. 

Suppose the CPU has been executing in logical segment 5, and then does a PCAL 
to logical segment 6, where both segments are SL segments with entries in the 
CST. The Mapping flag shows logical mapping, but this is an internal flag, 
not accessible to the program. To leave seg. 6, the procedure does an EXIT 
instruction. EXIT finds the return segment number in the old Status register, 
stored at Q-1 in the stack marker. However, the old Status register merely 
says "5" for Seg #J this could be an EXIT to either physical seg. 5 or logical 
seg. 5. How does the CPU know which? With MPE V and the new firmware, a bit 
in the stack marker has been reassigned to save the mapping flag (Fig. 12). 
Bit 0 of the Delta-P (Q-2) .has always meant that a Control-Y interrupt was 
pending I this is set by MPE when a Control-Y interrupt is received. Bit 1 
signified that a Trace interrupt was pending, again set by MPE. With the new 
system, Bit 0 will indicate that either a Control-Y interrupt or a Trace 
interrupt is pending. Because of the way this was defined in the past, it 
will be easy for MPE to differentiate between the two. Bit 1 of Delta-P will 
be the old mapping flag. Thus, the stack marker contains both the segment 
number and the mapping flag. When the EXIT is executed, the CPU can find the 
appropriate code segment by getting its entry from the CST or CSTX, using the 
LSTT if returning to a logical segment. The method used is the same as for 
PCAL, except that the STT is not referenced. There is no need to find a 
Plabel, because we already know the target segment number and PB-relative 
return address. 

Some of you who see memory dumps from time to time will notice that the 
Delta-P values of MPE segments (in an MPE V dump) seem unreasonably large. 
Actually, you are seeing the old mapping flag laid down in the stack marker. 
MPE segments are usually physically mapped, and Delta-P Bit 1=1 for physically 
mapped segments--so it looks as if all MPE segments have a Delta-P of JIJOOOO 
or larger. 

You may have noted in Fig. 6 that the LSTT is divided into 2 parts. In the 
first part is a two-word entry for each logical segment used in this program, 
containing the physical segment number and a pointer to an "External Label 
List". The second part contains an External Label List for those shared (SL) 
segments which are referenced by this program. The reason is, the STT of a 
sharable segment cannot contain a logical segment number in an external Plabel 
since more than one program may be sharing that segment. 
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For example, imagine the following procedure in a sharable segment1 

procedure A; 
begin 

B; 
end; 

Imagine that B is also in a sharable (SL) segment. Now, I run PROGX, which 
has 2 segments and calls A. The loader will set up the STT in PROGX such that 
segments 1 and 2 are the PROGX segments, Seg. 3 contains A, and Seg. II 
contains B. Now, since A calls B, the STT of A must reflect the fact that B 
is in Seg. II. (See Fig. 13) So far, so good---but now you run PROGY, which 
also calls A, and has only one segment. The loader must assign ~he number "1" 
to the PROGY segment, and 112" and "3" to the segments containing A and B. But 
now, the STT for A must reflect that B is in logical Seg. 3---whioh is 
somewhat difficult, since it mufit also show that B is in logical Seg. Ill 

The problem is solved by using "O" as the logical segment number of every 
sharable segment called by another sharable segment. In other words, the STT 
of a sharable segment contains 0 as the Seg# for those Plabels referencing 
other sharable segments. When the CPU encounters "logical seg. on during a 
PCAL, it looks at the LSTT to find the External Label List for the current 
segment. 

Using the above example, when A does a PCAL n to get to B, the CPU finds a 0 
for Seg# at PL-n. It then looks in the Status register to get the current 
logical Seg#, and reads LSTT(2•Seg#+t). It can then index into the External 
Label List, which contains all the External Labels for this particular 
execution of the current segment; there it will find the correct Plabel. [The 
Plabel is actually found at (beginning of External Label List) - n + I local 
Plabels. This is because only the external Plabels are there, so we add in 
the number of local Plabels to effectively "skip over" the nonexistent local 
ones.] 

In the preceding examples, only PCAL and EXIT have been discussed. Several 
other instructions were also changed to support the new CST /STT accessing 
scheme. These changes are briefly described below: 

LLBL - Fetches a Plabel in the same manner as PCAL, accessing 
the LSTT if necessary. 

IXIT - Performs a transfer of control just like EXIT (in fact, 
it executes the same microcode). 

SCAL - Works the same as it always has, but has to know about 
the new STT format to know if the target Plabel is internal 
or external. 

Interrupts - Interrupts do implicit PCAL's to HPE interrupt 
routines. These implicit PCAL's work just like ordinary 
PCAL's. 

COBOL 74 instructions - The instructions XBR, PARC, and ENDP are 
special intruotions generated by the COBOL 74 compiler to 
create more efficient COBOL object code. They provide a 

70-9 



method of transferring directly from one code segment 
relative address to another, using a segmeng I and offset 
instead of an STT with a Plabel. Hence, these instructions 
resemble EXIT in their method of control transfer. When the 
transfer is external (to another code segment), the same 
considerations are in effect--the LSTT must be consulted if 
the target segment is logically mapped. 

We've discussed the architectural changes necessary to support the advances in 
the HPE V operating system. However, it should be noted that the bulk of the 
engineering work went into improvements to HPE itself, not into the firmware 
changes described here. It is beyond our scope to discuss all of the 
improvements to HPE, but the list is substantial, and hundreds of 
"engineer-months" were required to complete the project. Other presentations 
will discuss methods used to coordinate all the work done on HPE, as well as 
some of the implications of the new software. 

I couldn't close without thanking Dan Hathias of CSY Software R&D for his 
help, both in helping me to understand the whole mess (I), and in permitting 
me to use some of his working documents in this paper. 
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SELECTED HP3000 ARCHITECTURAL DEVELOPME!ITS 

Series I Series II, III Series 30,33,40,44,64 Series 42, 48, 68 

Code Segments 255 192 SL (incl. MPE) 192 SL (incl. MPE) 255 MPE 
(maximum) +63 per program +63 per program +255 per program 

(incl. SL) 

I/O I Parallel/Differential Parallel/Differential HP-IB HP-IB 
(SIO) (SIO) 

Extended Precision 148-bit 64-bit I 64-bit I 64-bit 
Floating Point 
representation 

..... 
9 MPE ...... 

Memory Resident Tables 

must reside in: I Bank 0 I Bank 0 I Bank 0 I Banks O through 31 

accessed via: LOAD/STOR LST/SST LST/SST modified LST/SST 

SLIDE I 



® 
STOR StoreTOS into memory. The content of the 1'0S is stored 

into the effective address memory location. and is then 
deleted from the stack. 
Memory opcode 05. bit 6 = 1 
lndicalors:. unallecled 
Addressing modes. DB+ . O+ . 0- . S- 1elal1ve 

Direct or induecl 
Indexing available 

Traps STUN. BNDV 

LOAD l.oad word onto stack. The content of the effective ad· 
dress location is pushed onto the st.ack. 

@ 
LS'f 

SST 

Memory opcode: 04 
Indicators· CCA 
Addressing modes· P+ • P- . DB+ • O+ • 0- . S- relative 

Direct or indirect 
Indexing available 

Traps STOV. BNDV 

Load from system table. The X register contains a value 
which is ueed to index into a table pointed to by the 
contents of location g tOOO+K if K is non-zero. or bv the 
contents of location %1000+A if K is zero The table 
pointer itselfis also relative to location %1000. Tho data 
accessed in the table is pushed onto the slack if K is 
non-zero or replaces A if K is zero. 
Special opcode 00 
lnd1ca101s CCA 
Traps STUN. STOV. MODE 
This 1s a privileged onstructron. 

Store into system table. The X register contains a value 
which is ·used to index into a table pointed lo by the 
contents of location « 1000 + K if K is non-zero. or b,· the 
con Len ls of location '.< 1000 +A if K is zero Tl"' iable 
pointer itself is also relative to location ~'i 1000. The data 
contained in A ifK is non-zero or in B ifK is zero is stored 
into the calculated address. The slack is then popped by 
one if K is non-zero or by two if K is zero. 
Special opcode 15 
lnd1ca10Js. unaflecled 
Traps STUN. MODE 
This 1s a p11v1leged rnslrucllon 

Mode and 01sp1ac~mP.nl 

Mode aod D1solacrmPnl 

lllachine Instruction Set 

K 

K 

© F'or the new LST and SST, the phrase "The table pointer itself is also relative 
to location \1000" is replaced by "'!'he table pointer contains the bank of the 
table in bits 11:5. The base address is computed by taking the 16-bit table 
pointer, setting bits 11:5 (the bank address) to O, adding 'HOOO, then adding 
X." 

Figure 1 
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Referencing the System Global Area (SYSGLOB) 

Memory 
Loe. 

\10~ 
10011 

Ex<1mple Layout 

10051 
1006 

\4000 (SYSDB-relative pointer to base of IOQ) 

12051 
1206 $101400 (SYSDB-relative pointer to base of Example Table) 
1207 

50231' 
5024 
5025 

\123456 (20th word of IOQ) 

1024351 
102436 \654321 (30th word of Example Table) 
102437 

end of SYSGL~ 

Examples (a) and (b): Read DB+5 (=\1005) \4000 

Now, compute the effective address 

E = \4000 + DB + X = \4000 + \1000 + \24 = \5024 

Now, read the word at \5024 (\123456) and push it onto TOS. 

(For case (b), substitute SYSDB for DB. SYSDB is always \1000.) 

Example (c): Push 134 (=\206) onto TOS and execute an LST O. 

Read SYSDB + TOS (\1000 + \206) = \101400. 

Now compute the effective address: 

E = \101400 + SYSDB + X = \101400 + \1000 + \36 \102436. 

Now read (E) = \654321 and push it onto TOS. 

Figure 2 
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Locating a Code Segment via the CST Entry 

CST Entry 

l'.MRT Length/4 

Bank 

Base 

Registers 

PBank 

PB 

Figure 3 
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c 
s 
T 

Memory 
Loe. 

Code Segment Table Structure 

Series I and Previous Systems 

0 \12000 (example) 
1 

CST Base 

2 

\12000 \77 (example) CST Length (II of entries) 

(Entry 0) 

\12004 

(Entry for Seg. l) 

\12374 
(Entry for Seg. \77) 

\12377 

To find entry for Seg. 2, look at CST Base (\12000) + 2 • entry size 

= \12000 + \10 = \12010. 

Figure 4 
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Memory Loe. 

0 
l 

\12000 
12004 
12000 

13370 
13374 
13400 
13404 
13410 
13414 
13420 
13424 
13430 
13434 

13500 
13504 
13510 
13514 
13520 
13524 
13530 

Code Segment Table Structure 

Series II through Series 64 (Pre-MPE V) 

'12000 (example) CST Base 
\13500 (example) Current CSTX 

Entry 0 (4 words per entry) 
Entry l 
Entry 2 

Entry %276 
Entr %277 

Base 

CST Extension Header: len th of entire CSTX 
CSTX Block Header: 8 Segs in block (example: =3) 

Entry '301 
'302 
\303 

CSTX Block Header: # Segs in block 
Entry '301 

CSTX Block Header 
i 

CSTX Block Header: II Segs in block 
Entry '301 

'302 
\303 
'304 
'305 

CSTX lock Header 

l 

5 

,____ _____ J 

Figure 5 

70-16 

CS'l' 

CSTX 

Current CSTX 
Block 



Logical Segment Transform Table(LSTT} 

+-----------------------------+ 
I I of Logical Segments I 
+-----------------------------+ 
I Length of LSTT I 
+-----------------------------+ 
I Physical Segment # I 
+-----------------------------+ logical segment l 
I Ptr to External Label List I 
+-----------------------------+ 
I Physical Segment # 
+-----------------------------+ logical segment 2 
I Ptr to External Label List I 
+-----------------------------+ 

I 
I 
I 
I 

+-----------------------------+ 
I Physical Segment # 
+-----------------------------+ logical segment n 
I Ptr to External Label List (max 255) 
+-----------------------------+ 
IMI STT # I SEG # 
+-----------------------------+ 
IMI STT # I SEG # I 
+-----------------------------+ 

I 
I 

+-----------------------------+ 
IMI STT # SEG # 
+-----------------------------+ 

+-----------------------------+ 
IMI STT # SEG I 
+-----------------------------+ 
!Mi STT # SEG # I 
+-----------------------------+ 

I 
I 

+-----------------------------+ 
IMI STT # SEG II 
+-----------------------------+ 

Figure 6 
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Memory 
Loe. 

0 CST Base 

l CSTX Pointer 

\1220 1 

1221 LSTT Bank 

1222 LSTT Base 

1223 I Prog Segs 

Logical LSTT 
Seg II 

En~ry{ 

En~ry{ Physi~al Seg # 

'"i''{ Physical Seg II 

External 

Label 

Lists 

Code Segment Table Structure 

Series 42, 48, 68 (MPE V) 

Pointer to Current CSTX Block 

(Bit 15=1 for new firmware) 

Pointer to Current LSTT 

I of Code Segments C0111ing from program file 
(= # of segments to be found in CSTX Block) 

CST 

0 

I 1 

2 Physically 

3 
Mapped 
Segments 

254 

255 

256 

257 

258 

259 

260 

9431 
944 

Figure 7 
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CSTX 

Entry 0 

Block Hdr. 

Seg. 1 

2 

3 

4 

Block Hdr. 

Seg. 1 

2 

3 

Block Hdr. 

Seg. 1 
2 

3 

4 

5 

6 



Code Segment and Pl'esent STT Stl'uctul'e 

+---------------------------+ 
PB 

Code 

+---------------------------+ -

+---------------------------+ 
Ill STT # SEG # 
+---------------------------+ 
Ill STT # SEG # 
+---------------------------+ -

+---------------------------+ 
IOIUI Address I 
+---------------------------+ 
IOIUI Address I 
+---------------------------+ 

PL IOIUI o I# of Labels I 
+---------------------------+ 

External 
Labels 

Local 
Labels 

Bit O of the label designates whether the entry is an 
internal or external label. "U" designates whether the local 
label is callable or uncallable. 

Figure 8 
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External PCAL Example 

(Series II through 64) 

Calling Code Segment Code Segment 20 

PB --=t ft 
-.ri, 

Offset 

100 

PCAL 51 134 L_ 

I ~ 

200 
EXIT 

Program : Program 

Code Code . 

~ 3;r 20 
t:: 

l __.... o]j 134 7 

ol<{ address 

PL-+ ITT 6 ITT 7 

Figure 9 
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Code Segment and STT Structure 
for Logical Mapping 

+---------------------------+ 
PB I 

I Code 
I 
I 
+---------------------------+ 
I I 
I I 
+---------------------------+ 
IMI STT I SEG I I 
+---------------------------+ 
IHI STT I SEG I 
+---------------------------+ 

+---------------------------+ 
I IUI Address I 
+---------------------------+ 
I IUI Address I 
+---------------------------+ 

PL l#Local Labelsl# of Labels 
+---------------------------+ 

External 
Labels 

Local 
Labels 

Whether a label is local or external is determined by 
using the two counts at the head of the STT. "M" is used 
to designate whether the segment number in the label is a 
physical CST number or it is a logical CST number and must 
undergo a logical mapping through the LSTT to obtain the 
physical CST number (!=physical, O=logical). 

Figure 10 
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Memory 
Loe. 12 

12 

12 

12 

20 

21 

22 

23 

l 

(LSTT 

Pointer) 

2 

Current 
Code Segment 

PB_, 

(a) 

(c) 

(b) 

PL~ 

(a) 

(b) 

(c) 

l 

0 

0 

0 0 

PCAL 4; 

PCAL 21 

PCAL 3; 

2 20 

1 3 

l l 

addr. 

1 4 

External PCAL Examples 

(Series 42, 48, 68) 

Logical 
Seg # ---_ro 

l 

2 

r-73 

4 

LSTT 

CSTX 

l 

2 

457 

1 Seg.): Block lldr. 

2 

3 

4 

t-

Physical CST 
Seg~·__:i--------. 

0 

1 

2 

3 

19 
t--------1 

r--" 20 t--------1 
21 

4 

__\. 4 
7 

4 

56~ 57 

SB 
. . . . . . 

I I 
~ 

(a) PCAL 4 transfers directly to STT #2 of Seg. 20, because this Plabel specifies 
physical mapping. 

(b) This Plabel specifies logical mapping. Seg. # is 1, which is less than the 
number of program segments 1 so, this is a proqram segment, and we have to look 
at Entry l in the current CSTX Block. 

(c) Since the Plabel specifies logical mapping, and 3 is greater than the number 
of program segments, we look at LSTT Entry 3 to find the physical code segment 
number; this is seen to be 457. We then look in the CST for Entry 457, which 
points to the code segment. 

Figure 11 
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Q-3 

Q-2 

Q-1 

Q-0 

New Stack Marker 

x 
TIMI .c.p 

MITROCEL I Seg II 

.C.Q 

T Trace or Control-Y interrupt pending 

M Physically mapped code segment 

Figure 12 
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PROGX 

S!lg. 1 

I 
MYPROC1 
1 
A1 

B· 
1' 

1 

0 2 4 

0 2 3 

0 2 2 

oli{ addr. 

1 s 

PROGY 

~ 

A; 

1 

0 2 3 

0 2 2 

0 addr. 

1 4 

A Problem with Shareable Segments 

~.------

Procedure 
MYPROC1 
begin1 
end1 

TERMINATE 

(B) B; 

(A) 0 (Bl 

(MYPROC) 0 

0 

2 3 

LSTT 

TERMINATE' 
0 

(B) 
1 

(A) 
2 

3 

4 

Figure 13 
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A 

B 

LSTT 

0 

1 

2 

Procedure A; 

begin 

B1 

end; 

2 

Seg, 

Seg. 

4 (B) 

3 

.---------..... 

A Seg. 

B Seg. 

B Seg. ,__ ____ _ 
Procedure B; 

begin 

lend; 



PROGX 

LSTT 

Label 
Lists 

PROGY 

0 

LSTT 

Using the External Label List 

(A) 
1----+-+---t 

(B) 

Seg # ELL Plr. 

0 ._ ___ .._ __ ~ 
l 
l-----lf-----1 

Procedure A; Procedure B; 

begin begin 

B; end; 

end; 

oT 2 T 0 

When PROGX is run, and A calls B, A will reference 
A's External Label List (ELL) for PROGX; thus, it 
will call Seg. 4. 

When PROGY is ru~ and A calls B, through the 
same mechanism, A calls Seg. 3 instead of 4. 
These are, however, just different names for 
the same physical segment. 

Figure 14 
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REMOTE SPOOLED PRINTERS IU AN OPERATORLESS ENVIRONMENT 

Abstract 

by Tor Kristian HDnde 
M. Sc., Eng. Ph. 

fjerndata 
Norway 

This paper will present an overview of some of the problems 
often encountered at HP3000 installations that have a number of 
remote spooled printers. 

We will look at the tasks that the remote operator is supposed 
to perform, and how the MPE spool-system helps or hinders him 
in carrying out his tasks. 

One possible solution to many of the problems presented is that 
of automating some of the operator's tasks. We will present an 
implementation of such a "computerized operation" in this 
paper. 

We will finally give some ideas on what we would like to see 
incorporated in suFh a "computerized operation". 

Introduction 

When using DSN/MRJE or DSN/RJE a problem arises: The spoolfiles 
do not get printed where the user wants them, instead they all 
queue up for the same device. 

The situation 

One of our customers has a number of remote spooled printers 
connected to their HP3000. They also have access to our IBM 
3081K through both DSll/IMF and DSN/HRJE. 

1 assume that DSN/MRJE is the most used way of establishing 
batch access to an IBM mainframe. DSN/MRJE is HP's HASP Work 
Station Emulator. It is more sophisticated than DSN/RJE which 
emulates IBM 2780/3780. For this particular situation it docs 
not matter which is beeing used. In fact, even if this problem 
arose using DSN/MRJE, it might as well have arisen from any 
other similar system. We will stick to DSN/MRJE here today. 
DSN/HRJE assigns a file-name to each spoolfile: The job-name 
from the mainframe. Furthermore DSN/MRJE puts the FORMS-code 
on the first line of the file, line* O. 
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DSN/MRJE 

• • • • 
HP3000 
SYSTEM 

HP3000 
SYSTEM CONSOLE 

HP 3000 
1/0 DEVICES 

D 

0 

MODEM 

,_ 

HOST SYSTEM 

HOST SYSTEM CONSOLE 

HOST SYSTEM 
1/0 DEVICES 

From "DSN/MRJE ref.manual" 

Elements of a data communication system. 

All remote spooled printers at this site have a unique device 
class name, generally with the form LPxx where xx is its 
logical device number. The users were requested to use this as 
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Mox 7 

Reader 

Datacomm. 
link 

HASP 
Workstation 

Max 7 

Printer 

HASP Work Station 

Max 7 

Punch 

the IBM FORMS code for their listings in order to get them 
printed at the correct printer. MRJE wants to print all 
spoolfiles on the same printer. 

Every time a forms request from DSN/HRJE with FORNS-code LPxx 
appeared on the screen, the operator refused to print the 
spoolfile and redirected it (ALTSPOOLFILE tOnnn,Dev=LPxx> to 
the correct remote spooled printer, namely the one with device 
class name LPxx. This also requires that the operator is 
present at the console all the time someone running DSN/MRJE Is 
working. If ! know DP personell right they work any time of 
the day and often far lnto the night (this was written around 
midnight>. They also want their listing immediately. 

As soon as this possibility came up, most of the users liked 
the Idea of having their spoolfiles printed at the printer that 
was most conventent to them. This created a rush of spoolfiles 
to be redirected and the operator soon had his time more than 
fully occupied redirecting spoolfiles. 

There is another aspect, the reliability was far from 100X. To 
quote Tom Gilb: "Any system which reliability is based on human 
reliability ls unreliable.• An operator needs breaks, takes 
lunch, mistypes etc. just as any other human beeing, This 
solution was only acceptable in an environment that received a 
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small amount of spoolfiles only, where no one is in a hurry 
getting his listing <I have yet to see a such a person> and 
where no "touchy" data are transferred. At our custo•er•s site 
it did not work a~ s•ooth as they wanted it to be. 

The solution 

At this instant we were asked to take a look at a war to 
automate this. The solution to the proble• appeared to be 
rather si•ple, although not quite as si•ple as stealing candy 
fro• a baby. There is an excellent utility programme, SPOOK, 
that is far •ore powerful than the MPE-command ALTSPOOLFJLE. It 
was te•pting to try to use it. 

For those of you that are not fa•iliar with SPOOK, it is a 
utility programme that allows you to interrogate and manipulate 
spooled devicefiles. In brief you mar alter a spoolfile's 
output device, its' priority, nu•ber of copies etc. You mar 
also convert a spoolfile to an ordinary HPE-file. SPOOK lets 
you read files, purge files, merge files and some •ore 
•anipulation. I'll advise you to take a look at it, you will 
find it in the Utility "anual. 

Just letting the operator use SPOOK instead of ALTSPOOLFILE 
does not make things move the war we want them to. There is 
however a more elegant solution: let a program simulate an 
operator. SPOOK is executed as the calling progra•mes• son 
process and SPOOKs' standard input and output files are 
redirected to the father programme. This father programme, 
hereafter called SOS now sees SPOOK as two rather ordinary 
looking message files, one read-only and one write-only. If you 
then establish a table of for•s-codes and file-mes and their 
associated outputdevices, you have all you need for automation 
of the work. 

To make this work you have to configure a spooled device on 
your syste111 that is not currently spooled <STOPSPOOL f n>. This 
device will be the outputdevice for all spoolfiles fro• 
DSN/"RJE. This devic~ need not exist, it is just a port that 
is not in use. 

As the device is spooled and stopped, all spoolfiles will queue 
up very nicely and mar be picked at choice, they're just 
waiting to be manipulated with. 

After SPOOK is initiated we just simulate what an operator 
would do "by hand". At first we ask SPOO~ to show us the 
spoolfilequeue by using the SHOW-co••and. SDS sees this as an 
ordinary FWRITE and SPOOK sees SOS as an operator and answers. 
We now read SPOOK's answer by an ordinary FREAD and look for 
the spooled outputdevice. As soon as we have found one we put 
the spoolfilenu•ber and filenumber in a s•all table for future 
use. When we found all the spoolfiles we are looking for, we 
text In each of the• by using the TEXT- co•mand and read the 
first line by using the LIST 0 co•mand. We now have what we 
need for a comparision with our table of filena•es,forms-codes 
and outputdevice. Now we're getting down to business: Dy using 
the ALTER-command with the outputdevice from our table as a 
parameter, we have now done what we wanted to do. 
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REMOTE SPOOLED PRINTERS IN AN OPERATORLESS ENVIRONMENT 

This table of matching file-names, forms-codes and 
outputdevices needs not be static. At our customers site this 
table is read once every five minutes and you change it simply 
by using the editor and write it back again. This reading of 
the file takes roughly half a second. 

Controlling the SOS can be done at various levels of 
sophistication. One solution is no control at all, just let it 
run and terminate using brute force (that is :ABORTJOB nnn>. 
That may work fine at an installation where it just runs 
forever. At a slightly higher level you may communicate using 
a message file opened in "nowaitio" mode and write your 
commands directly to it. The most sophisticated way of doing 
controlling it is by a programme that has a two-way 
communication through message files. This requires a 
command-parser CMPE intrinsic MYCOMMAND is well suited) and 
some more overhead. This is strictly not important and as it 
has little to to with SOS' operation, I will not go deeper into 
it. 

Enhancements 

A such a system opens the possibility for future enhancements. 
On top of our priority list is a way to run Remote Job Entry 
backwards. Instead of submitting a job from ~ terminal 
connected to a mini to be run on a mainframe, you may do it the 
other way around and have your listing routed back to the 
mainframe for further processing or whatever you like. 

To be able to process a spoolfile as a jobstream it must be 
converted to an ordinary MPE-fite. This to remove forms-codes 
and other info that DSN/MRJE generates. The same must be done 
if data is transferred the same way. When returning the result 
it must be reformatted. OSN/MRJE wilt only accept 80 coloumn 
input (guess where that comes from) and the listing is usually 
132 characters wide plus an unprintable carriage control code 
CCTL that may be harmful and therefore must be coded in some 
way. This quite another story and we will not go deeper into it 
now. If anyone wants to hear more about our product that does 
that, we can arrange that. 

Conclusion 

The system as described here is already installed by at our 
customers site and he is well satisfied with it. In addition we 
use it ourselves in our laboratory. 

I hope I have given you some ideas on how to improve automate 
the boring job of redirecting spoolfiles. As you will 
understand the principles outlined in this paper is not 
restricted to redirecting spoolfiles, but may be used in most 
similar situations. 

Tor Kristian H8nde 
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MPE V: Product Overview, Project Development Strategy, 
and Implementation Methodology 

Introduction 

Robert L. Mead 
Project Manager 

Hewlett-Packard Company 
Computer Systems Division 

In addition to the external changes and new capabilities provided by 
MPE V, a number of substantial changes were also made to the internals 
of MPE. Three components of the MPE V release required significant 
development efforts as a direct result of the numerous internal 
changes necessary: support for larger configurations, expansion of the 
Code Segment Table (CST), and disc caching. The details of disc 
caching are described in another paper (1), and hence will not be 
discussed here. In this paper, we will concentrate on the changes in 
MPE V required for the support of larger configurations and the CST 
expansion. After a discussion of the changes to MPE internals, we 
will address the development methodology used for the project. This 
methodology differed from the traditional methods used within the lab, 
in an effort to shorten the development and testing cycle, increase 
productivity, and improve softare quality. Finally, we will discuss 
the strategy used during the implementation phase of the project. 

Internal Changes to Support Larger Configurations 

The vast majority of the development work for the release of MPE V 
will be unnoticed by most users of the HP 3000. The largest effort 
was for the support of larger configurations, which did not affect the 
externals of MPE to any substantial degree. This effort did, however, 
require significant changes to the internal structure of MPE. In 
particular, the format of many internal data structures required 
changes, and perhaps more importantly, the access methods to the data 
structures were altered. 

The internal structure of MPE has remained essentially unchanged 
during the 10 plus years of its existence. Over the years, some areas 
have unde1·gone changes as they were rewritten or extended, but there 
have been no major changes to a large number of data structures. Even 
with the release of MPE IV, a major development effort itself, the 
internal changes were primarily restricted to the memory management 
data structures. In order to expand the maximum configuration 
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supportable under MPE, it became clear very early in the MPE V project 
that vfrtually every internal table or data structure within HPE would 
require some modifications. 

The reason for these extensive changes dates back to the origin of 
HPE. At the time, the HP 3000' s most precious resource was me111<>ry 
(the first system had a maximum memory size of 128KB). As a result, 
most data structures were designed to conserve space, necessitating 
the packing of one or more fields into a single word. This approach 
left as its legacy such HPE limitations as 256 processes (an 8-bit 
field so that two process IDs could be stored in one word) and 102~ 
DSTs (a 10-bit field). over the years, as the processing power of the 
HP 3000 increased, it became possible (and desirable) to support more 
and more users on a single system. At the same time, the maximum. 
memory size supported also increased dramatically. Finally, the 
limits imposed by the software data structures were being reached as 
the number of simultaneous users approached 100, with the PCB and DST 
limits most frequently encountered. In fact, in so111e cases where 
either extensive process handling was employed, or large n\lmber of 
files or data bases were in \ISe simultaneously, these limits could be 
1·eached with as few as 50 or 60 users. 

It is perhaps a tribute to the original designers of MPE that their 
creation survived as long as it did without a major redesign. In fact 
it is interesting to note that the interrelationships of the various 
tables and data structures were obviously well understood, since users 
seemed to be encountering the limits of many tables simultaneously. 
In any event, our primary objective with the tables expansion 
component of MPE V was to eliminate the software data structures as 
the limiting factor in the maximwa nwaber of supported users. As we 
investigated the number of table entries that would be necessary to 
support a large number of users (200 was our original target), it 
became apparent that Just a redesign of the internal data structures 
would not be sufficient to increase the number of use1·s supported. 
The real problem would be the size of Bank O. 

For those unfamilar with the concept of Bank O, a simplified 
explanation follows: the original HP 3000 contained 128KB of .memory, 
the maximum amount that can be addressed with a 16-bit word address. 
As it became necessary to increase the amount of memory supported, the 
expansion was accomplished by subdividing all of memory into "banks", 
each consisting of 128KB. This would allow the additional memory to 
be addressed simply by appending a bank number to the 16-bit byte 
address (the bank numbe1· portion of the address was maintained 
internally by MPE, and hence was invisible to user programs). There 
were, however, several privileged mode instructions that could not be 
easily modified to accomodate a bank number. These instructions were 
used primarily to provide efficient access to HPE internal data 
structures that were memory resident. To retain this efficiency, the 
first 128KB of memory (referred to as Bank 0) Ras ordained Rith a 
special status, in the sen.se that only data structures in Bank 0 could 
be accessed via these privileged instructions. 
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The data structures required to be in Bank 0 were those that were also 
required to be memory resident. These techniques obviously limit the 
cumulative size of the data structures, since the size of Bank 0 is 
limited to 128KB. It was this limitation that became ·the real 
challenge to supporting larger configurations under MPE V. A number 
of alte1·natives to overcome this problem were investigated, ranging 
from firmware and compiler modifications to a brute force modification 
of MPE. In the end, it was decided a firmware modification to two 
instructions was the best solution. The instructions involved were 
the Load System Table (LST) and Store System Table (SST), two 
instructions that allow quick access to system tables via a system 
level pointer. The firmware modification consisted of changing the 
pointer fonnat from a 16-bit address in Bank O to a 5-bit bank number 
and 11-bit address, with the dghtmost 5 bits of the address always 
assumed to be zero. One significant advantage to this approach was 
that it would be possible to execute the modified version of MPE on 
both the modified and unmodified firmware, as long as each table 
accessed via the LST/SST instruction is built on a 32-word boundary 
(since an embedded bank number of ze1·0 could be used with the 
unmodified firmware, and would be identical to the original pointer 
format). Once this approach was adopted, there were now 32 banks (or 
4MB) of memory in which to place memory resident data structures. 

It is important to note however, that even with the above firmware 
modifications, not all resident MPE data structures can be moved 
outside of Bank 0. Some tables, in particular the DST, CST, and 
several 1/0 related tables, are examined and or modified by 
instructions other than LST and SST. To minimize the impact on 
firmware, it was decided that these tables would remain in Bank 0. 

The development effort required to support larger configurations thus 
consisted of two major components: (1) modification of data structures 
to accommodate larger table indices (and associated changes to MPE 
code); and (2) changes to the access methods used for system tables to 
ensure that they could reside outside of Bank 0. This second 
component involved making the LST/SS'f instructions the only access 
method for resident MPE data structures, and was necessary since in 
many places within MPE other techniques were used to access the 
resident data structures; techniques that would not work correctly 
once a data structure was moved outside of bank O. 

Internal Changes for Expansion of CST 

The existing limitation on the size of the Code Segment Table can also 
be traced to the origins of the HP 3000 and MPE. However, in this 
case, the limits are more closely associated with data structures 
utilized by the firmware. The limit of 256 code segments accessable 
by a process is due to the availability of only 8 bits for the segment 
number in the status register. 'l'his 8-bit field is also used in the 
Segment Transform Table (STT) and in P-labels, packed with a 7-bit STT 
offset and a single bit flag. Without extensive revisions to the 
firmware and MPE, it was virtually impossible to extend this 
limitation. 
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The limit of 256 segments is fu1·ther subdivided into two categories of 
segments: segments 0-191 (%0-%277) are used for segments from 
segmented libraries (including HPE), and segments 192-255 (%300-%377) 
are used for program file segments. Since entries O and 192 (%300) 
are both used to contain header infonnation in the associated data 
structures, we are left with the existing limits of 191 sharable SL 
segments and 63 program file segments. The 191 limit refers to the 
combined total of SL segments referenced by all active processes. 

The approach adopted to increase the number of available code segment 
was to slightly alter the concept of the two categories of code 
segments, but with one important difference: both categories would 
consist of 256 segments. The trick of course was to devise a method 
to distinguish between the two categories, denoted as physically 
mapped segments and logically mapped segments. The obvious choice was 
to use a single bit flag. The difficultly was in finding a "spare" 
bit in all of the data structures that dealt with code segment 
numbers. The status register was handled by using a bit in a 
different hardware register to indicate logical/physical mapping, and 
the bit was stored in bit 1 of the delta-P word of the stack marker 
(since code segments are limited to 16KW, at most 1~ bits are needed 
for delta-P anyway). The P-label format and STl' proved to be a bit 
more challenging, and eventually required a redefinition of a bit in 
the existing data structures. The change to the STT involved 
redefining the internal/external bit to indicate logical or physical 
mapping. The internal/external resolution was handled by inserting 
the niimber of local (internal) entries in the header word of the STT, 
and then always allocating the internal entries first (as it turned 
out, this was already the case). Finally, the P-label format was also 
modified to use the internal/external bit for the logical/physical 
distinction. Unfortunately, this implies that it is no longer 
possible to execute a PCAL 0 instruction with a local (internal) label 
on top-of-stack. 

Now that we have discussed how the logical/physical distinction is 
made, it is appropriate to define what it means for a segment to be 
logically or physically mapped. Physically mapped segments are always 
allocated from the beginning of the CST table, and are reserved for 
system SL segments (i.e. that is primarily MPE). If a segment is 
physically mapped, the segment number is directly mapped into the CST 
table. Logically mapped segments can be either program file segments 
(residing in the CSTX) or user SL segments (residing in the CST). In 
order to detennine where a logically mapped segment resides, a new 
data structure is now associated with each process, the Logical 
Segment Transform Table (LSTT). The LSTT contains infor111ation about 
each logically mapped segment associated with a process, and each LS'IT 
cons is ts of one data segment. It should be noted that the code 
sharing functionality of HPE and the HP 3000 has been retained despite 
these changes, since processes executing the same program file will 
share LS'IT segrnents, and the same CST entry for a user SL segment can 
be pointed to by multiple LS'.l'Ts. The LSTT segment associated with a 
process must be in memory whenever the process is executing however, 
since some instructions must be able to access infonnation in the 
LS'IT. In addition, the total number of CST entries for the entire 
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system has been increased to 2048 (from 192), although any individual 
p1·ocess can only access 255 of the CST entries. 

It should be obvious by now that the changes described above involve 
fb·mware changes, as well as changes to MPE. Modifications we1·e 
required in a total of eight inst1·uctions: five in the standard 
instruction set (PCAL, SCAL, LLBL, EXIT, IXIT) and three in the 
extended instruction set for support of COBOL II (XBR, PARC, ENDP). 
The functionality of these instructions was not changed, only the 
inten1al operation. On the software side, a number of changes were 
required. The MPE loader was essentially rewritten to accommodate the 
concept of logically mapped segments and to create the appropriate 
mapping segments as prog1·ams were loaded, changes were made to some 
memory management procedures to ensure that the mapping segment is 
always available when a process is executing, and several of the 
privileged debug commands were enhanced to allow specification of both 
logically and physically mapped segments. It is important to note 
however, that the modified software can be used on a system with or 
without the modified firmware. The inverse is not the case however. 

This discuss ion has provided a bl"ief overview of the internal changes 
to MPE that were necessary to provide support for expansion of the CST 
table and for support of larger configurations. Additional details 
concerning the architectural changes are provided in a paper 
discussing the firmware changes for HPE V [2). We will now turn our 
attention to the development methodology employed for the HPE V 
project. 

Development Methodology 

As hopefully is evident from the above discussion, a substantial 
effort was required to produce MPE V. The development phase for the 
large configuration support alone involved in excess of twenty 
engineers over a period of approximately 7 months, although not all 
engineers were involved for the entire period. The coding changes 
required either modification or examination of a significant 
percentage of the approximately halt million lines of code in MPE. 
Similar efforts in the past have 1·equired as long as two years to 
develop and release. In the case of MPE V, our objective was to 
complete the project and release the software in nine months. 

The development effort for MPE V involved numerous changes to the 
internal data structures used by HPE. As it turns out, MPE was not 
the only software on the HP 3000 that directly accessed MPE internal 
tables, or that had packed several fields into a 16-bit word. 
IMAGE/3000 for example, internally used a 10-bit DST index in 
conjunction with a 6-bit file open count in a single word. The 
expansion of the DS'r under MPE V thus necessitated a change to an 
internal IMAGE data structure, as well as the corresponding coding 
changes. IMAGE also directly calls internal privileged procedures 
within MPE. 1.'he parameters to some of these procedures, as well as 
the calling sequence, were changed with MPE V, also requiring changes 
to !HAGE. Almost all data communication products were also affected, 
in most cases to an even greater degree than IMAGE/3000. In 
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particular, changes to the structure of the 1/0 related tables 
required coding changes to data communication drivers and low level 
procedures. 

In order to mimimize the elapsed time to complete development of MPE V 
and the associated subsystems, a different approach was taken during 
the development phase of the project. In the past, the project groups 
responsible for MPE, data communication products, and application 
subsystems worked more or less independent of each other. In general, 
each team would do their development using the previous version of the 
other products, and then any conflicts introduced by changes and 
enhancements to one of the products would be resolved during a final 
integration and testing phase. The integration would begin after a 
coding freeze for all products involved in a given release. 
Unfortunately, when the changes to one of these products were 
extensive, this integration phase could be quite lengthy. This was 
especially true if MPE had undergone any major internal changes. 

MPE 

OATACOMM 

APPLICATIONS 

CODING 
FREEZE 

INTEGRATION 

FIGURE 1 - TRADITIONAL DEVELOPMENT CYCLE 

RELEASE 

This traditional approach to development is depicted in Figure 1. The 
primary advantage to the traditional approach is that it minimizes the 
development resources for each team, since they are always using a 
known good version of the other products. It does however increase 
the liklihood of a long integration cycle, particularly when one or 
more products changes substantially. 

Since it was obvious from the beginning that the changes to MPE for 
MPE V would have a major impact on other software products, a new 
approach to the development phase was adopted. This approach, 
depicted in Figure 2, allowed the data communication and application 
teams to be exposed to the changes in MPE early in the p1·oject, 
instead of a waiting until the coding freeze that typically occurred 
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just prior to the marriage of the various software components. This 
phased development approach was expected to be more successful than 
the traditional approach. At each phase, a working (although not 
fully debugged) version of MPE V would be provided to the data 
communications team, who could then begin to test the modifications to 
their softwan against the modified version of MPE. 

To further reduce the development time, the data communications team 
produced the necessary coding changes for their products while the MPE 
team was testing their changes. This was not without some 
disadvantages however, since the data communications team would be 
working with a version of MPE that was likely to contain problems, and 
hence would slow their efforts. This approach required close 
cooperation between the two teams to ensure that any problems 
encountered would be quickly resolved. Once the data communications 
team had successfully integrated and tested their changes to 
accommodate the internal data structure changes, the combined MPE and 
data communications products were passed on to the applications team 
for their testing. In this way, there would be no surprises when all 
products were officially integrated prior to the release of the 
software. 

MPE 

DATACOMM ""- \lt -Ji INTEGRATION 

BUILD 1 RELEASE 

APPLICATI ONS _jl IJ/ 

BUILD 2 BUILD 3 

FIGURE 2 - MPE V DEVELOPMENT PLAN 

The types of changes required to produce MPE V turned out to be almost 
ideally suited for this type of approach. If done properly, it was 
feasible to make the modification for a small subset of tables, and 
test those changes, prior to making the changes for other tables. 'l'be 
only requirement was that once a table was conve1·ted to its MPE V 
format, all code that dealt with that table must be using the new 
format. It was not necessary to convert all tables to their MPE V 
formats simultaneously. 
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With this goal in mind, the set of tables and data structures .to be 
modified were subdivided into J builds (or phases). The first build 
was primarily oriented around the changes required to the I/O system 
tables. 'I'his set of tables was selected to be converted first since 
they had a major impact on the low level data communication code, and 
thus completing them first would allow for maximum exposure and 
testing. Build 2 was intended primarily to include the data 
structures involved with the file system and process handling. These 
changes had a large impact on the higher level data communication 
software, and once again the goal was to maximize testing exposure. 
The third and final build included the job/session related data 
structures, as well as any other items not included in builds 1 and 2. 
It was not until build J was complete that it would be possible to 
actually expand any of the tables beyond their MPE IV limits. 

Implementation Strategy for Changes to MPE 

In addition to structur,ing the development phase to allow for early 
integration of data communications and applications software, the 
changes to MPE itself were also planned to maximize the early testing 
of the aoftware. It would have been easy to simply make all of ·the 
required changes for one or more MPE data structures first 1 and then 
spend a long time debugging thia rather massive set of changes. 
Instead a more organized (and hopefully more productive) approach was 
adopted. 

At the aource level, MPE is comprised of approximately 100 modules, 
each resulting in a 11ystem program file 1 or one or more SL segments. 
These modules are organized around the functional componenta of MPE, 
such as the file system or kernel. In the past, each module contained 
its own internal definitions of the data structures it accessed, even 
when the data structures themselves were accessed by multiple modules 
or functional components. In an effort to make MPE more maintainable, 
as well as to minimize the development time for MPE V, a significant 
effort was undertaken in the initial phase of the project to develop a 
set of common definitions for the various data structures; these 
definitions to be used by all modules acceasing a particular data 
structure. This was accomplished by using the $INCLUDE file feature 
of the SPL compiler. 

The initial step was to create a set of include files describing each 
data structure in its MPE IV format. Once these were complete, 
modification of the various modules could commence. Two changes were 
made at this ·first step: (1) the modules were changed to use the 
common include files; and (2) all changes i·equired to address tables 
residing outside of bank 0 were made. This second type of change, to 
provide MPE V addressing of tables, was facilitated by the use of the 
common include files 1 but still compdsed the most difficult step of 
the project. At this point all tables were still in their MPE IV 
formats however, which allowed for extensive module testing prior to 
integration of all modules. The system produced from this integration 
was dubbed MPE IV.5, since it contained a combination of modules using 
HPE IV table formats and MPE V addressing techniques. 
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MPE IV ~ - - - MPE IV 
INCLUDE FILES 

j SIGNIFICANT 

CODING EFFORT I~ 
MPE V 

INCLUDE FILES 

MODIFIED DATA 

STRUCTURES 

MPE IV.5 

ADDRESSING CHANGES 

MODULE TESTING 

LIMITED SYSTEM 

TESTING 

~COMPILATION 
/ MINOR C;DE CHANGES 

MPE V 

ADDRESSING CHANGES 

EXPANDED TABLES 

FULL SYSTEM TESTING 

FIGURE 3 - MPE V IMPLEMENTATION STRATEGY 

In parallel with the coding changes to produce MPE IV. 5, a separate 
set of common include files were developed. These include files 
defined the MPE V data structure formats, and were derived from the 
HPE IV include files with a minimum of effort. Once the modified 
include files were available and the MPE IV.5 version of a module was 
functional, an MPE V version of the module could be created simply by 
recompiling the module with the MPE V include file. Minor coding 
changes were also required in some cases. The resulting modules when 
integrated together would produce an MPE V system. System level 
testing could then be conducted. While not all coding errors were 
detected at the module testing stage, the time required to integrate 
and successfully test the resulting system was significantly less than 
what had been the case on previous projects. This strategy is 
depicted in Figure 3, and was used for each of the three phases of the 
project. 

Summary 

MPE V represents a substantial development effort, due to a major 
redesign of many inte1·nal MPE data structures. This redesign was 
necessary to expand the capabilities of MPE and the HP 3000 with 
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i·ega1·d to the number of users that can be supported. Due to the 
nature of the project, and the need to make these expanded 
capabilities available to the customer base as quickly as possible, a 
new development methodology was employed. This methodology involved a 
phased implementation strategy that provided for earlier exposure of 
the modified version of MPE to other HP software products than has 
traditionally been the case. As a result, the development phase of 
the project was significantly shorter than previously had been the 
case for a project of this magnitude. At the time of this writing, 
the final integration and testing of HPE V was not yet complete, 
although indications are that this phase will also be much shorter 
than experience would predict. 

(1) BUSCH, John R., and KONDOFF, Alan J. HPE Disc Cache: In 
Perspective. Proceedings of the HP 3000 International Users 
Group, Edinburgh, October 2-7, 1983. 

(2) HOLINSTAT, David. Architectural Changes for MPE V. Proceedings 
of the HP 3000 International Users Group, Edinburgh, October 2-7, 
1983. 
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INTRODUCTION. 

EFFECTIVE SITE PLANNING STRATEGY 

Lynn K. Darnton 
EG&G Instruments Ltd. 

Bracknell, U.K. 

"Adequate and proper site preparation is vital to the extended 
reliability of your computer system" (Hewlett Packerd - the Site 
Planning and Preparation Guide, hereafter called 'the Guide'). 

The above statement is true, regardless of the size of the 
installation. The Guide is a very comprehensive document, 
containing all the technical specifications required for the 
design and construction of the perfect environment for your new 
HP3000 computer. In great detail it explains planning principles, 
site selection, raised floors, air conditioning, fire prevention 
and detection, electricity supplies, safety, delivery, data 
protection and a wide range of other subjects. 

However, in the area of local building, fire and safety 
regulations, the Guide is necessarily vague, merely pointing 
to the fact that regulations exist and that they must be checked. 
It would be impossible for Hewlett Packard to include in any 
manual the totality of "laws, rules and regulations. They vary 
considerably from place to place and are subject to change from time 
to time. The reader is warned that this whole area of law and local 
regulations can be complex and misleading. 

For example, paragraph 2-16 of the Guide says " ...•• be sure to 
consult local building codes for fire prevention and protection.". 
In this case, in certain geographical regions, local building codes 
may demand that all walls, doors and partitions be "half hour fire 
rated" minimum; let us say the correct fire-rated doors, walls and 
partitions are erected and the system eventually goes live. 
During a routine Fire Department annual inspection, the Company's 
Fire Certificate is withdrawn because the computer room (classed 
as a 'fire generation room') should be separated from the adjacent 
fire hazard areas by minimum one-hour fire rated walls. The Fire 
Department will issue a Fire Certificate only when the offending 
walls have been replaced or reinforced I Meanwhile the Company is 
not permitted to trade without a valid Fire Certificate I 

Furthermore, compliance with the material requirements of some 
regulations may not be sufficient to satisfy some authorities; for 
example, a structural extension may have to be dismantled because, 
although it satisfies the requirements of all current building 
regulations, planning permission was not sought, but is required. 

Having traced all applicable laws, rules & regulations, the non­
lawyer DP person may be baffled by the complexity of legal jargon. 
So. it is very easy to say "read the Guide in conjunction with all 
regulations currently in force'', but having read all the regulations, 
he or she may be non the wiser. 

Where docs the average DP person begin and how does one control a 
complex planning and construction project ? 
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In this paper I consider the problems of those who are engaged in 
the second (and most common) of two broad classes of planning 
project: 

i. the construction of a brand new facility from the 
ground up, or 

ii. the modification of an existing building or office. 

I assume that all requirements for hardware, media, consumables, 
furniture, ancilliary equipment, telephones, staffing levels, etc., 
have already been defined and that our task is the design of the 
computer suite itself. 

GETTING STARTED - THE SITE CO-ORDINATOR. 

A Site Planning Co-ordinator should be appointed to take complete 
responsibility for the entire p,lanning and construction project. 
This person may not be called 'Site Planning Co-ordinator" by 
job title, but everyone on the froject and all external persons, 
must recognise the co-ordinator s authority and role. No action 
should be considered legal unless authorised by the co-ordinator. 

The co-ordinator will have a huge task involving many alien 
disciplines and it is unlikely that all will be understood 
sufficiently by any one person within the project timescales. 

The co-ordinator will be a highly self-motivated person who can 
live under considerable stress, adapt to any required task quickly, 
communicate with all levels of staff from labourers to the M.D., 
possesses some tact & diplomacy. Ideally, (s)he will have an 
operations background and a wide knowledge of DP generally, 
gained through either a good acadamic course or long and varied 
experience. The installation's intended HP3000 System Manager is 
a good choice. 

THE SITE PLANNING TEAM. 

A Site Planning Team should be formed, consisting of the 
DP or Management Services Manager and Co-ordinator as the minimum 
nucleus. The team may b~ smaller or larger depending upon the 
organisation size. Different persons will be drafted onto the 
committee for specific reasons as and when the need arises. 

Transient members may include user department Managers, suppliers, 
consultants, technical specialists, union officials, etc. 
Hewlett Packard account engineers should hold permanent committee 
positions, as they should always be aware of the current project 
status and can be a source of expert consultation. 

The committee, or team, should be an 'organic' entity, changing its 
membership as the project progresses and should not be seen to 
hold any authority in itself - the committe is a consultative tool 
and a communication medium. 
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Before embarking on the actual site planning sequence, I would 
like to discuss some fundamental behavioual rules and project 
management tools which you will find useful: 

THE HUMAN FACTORS: 

Never forget that one of the most important components of the new 
computer system, yet one of the most sensitive, is the human being. 

Many computer projects will displace or relocate staff, especially 
where the Company has never had a computer before. Like cats, 
people often hate and resist sudden change. Most humans suffer 
a deep rooted fear of being replaced or controlled by machines, 
robots, etc. Where a new DP Department moves into more than one 
room, two or more previously separate departments will find them­
selves sharing one office; departmentel social structures and 
heirarchies will be destroyed, causing some degree of disorientation. 

If several departments must be joined under a common roof, try to 
select job-related people, for instance invoicing & credit control 
or purchasing and cost. 

When selecting which room(s) to convert to the new computer suite, 
try to select those presently occupied by future users and 
preferably users who will benefit most from the new system. In 
this way, their disturbance does at least have some identifiable, 
quantifiable pay-off. 

During the feasibility survey and design phases of the computer 
project, staff should have been motivated to support the new 
system. This effort must be maintained throughout the site 
planning & construction phases. Support for the Company 
objectives must be reinforced. Users and displaced staff as well 
as tradesmen and construction workers can be asked to contribute 
their ideas; good ideas and information can be seen to be used, so 
that the construction work is seen to be a group user effort, not 
exclusively the effort of the new DP Department. 

Resistance to change will decline as users identify the construction 
project as their own; during the completion of various sub-tasks, 
individual users or departments should be thanked for any 
contribution made, however trivial. People who resisted the new 
system initially, will eventually become the proud creators of their 
Company's new computer system. When they eventually use the system, 
they will be using something which is partly their own creation. 

DOCUMENTATION: 

Throughout the planning and construction project, several tasks 
will run parallel; each will require different resources & lead 
times and will be subject to varying degrees of Murphy's Law 
(ie. delay I). All this activity and unforeseen change must be 
monitored and controlled in some way. 

Even when the project is being conducted entirely by one person, 
several tasks will be at various stages of completion or lead time 
at any moment in time. 

The site · 1 anning and construction project is controlled as a 
computer ,ign project in its own right. Each phase from initial 
surveys tuLough to installation is recorded in detai.l. 
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At completion of the project the Co-ordinator should have 
produced, as a by-product of the project, a Company Installation 
Manual. This manual wil 1 contain ground plans for the Company 
premises, computer suite, structural details of floors, walls, 
ceilings, electricity supplies, alarm systems, plumbing, 
air conditioning, fire detection and fire fighting systems, 
telephone and data communications circuits, computer system 
cabling, local terminal network cabling, heat load maps, 
tloor weight distribution, etc. In other words, a complete map 
of every part of the computer suite. The computer environment is 
seen as a complex system in its own right, and must be serviceable 
by your successors. 

Parts of the Installation manual can be copied and distributed to 
an in house maintenance department , Hewlett Packard Customer 
Engineer, Fire Department, British Telecom, Air Conditioning 
Vendor, Computer Operator, etc. Each person receives only that 
part of the manual which pertains directly to his or her 
functional relationship with the DP installation. 

When future changes are made to the hardware configuration or to 
the structural or environmental specifications or layout, the 
Installation Manual should be updated in just the same way as you 
expect software suppliers to update their manuals. 

If some plumber cannot find a pipe, or an electrician can not find 
the air conditioning condenser manual circuit breaker, when either 
of these items require servicing twelve months hence, either the 
Co-ordinator did not document them, or someone did not communicate 
to the Co-ordinator. 

During the project discussions will occur and agreements will be 
made. The latter will often be verbal, said quickly, under stress. 
Information will be passed down chains of people and through the 
Co-ordinator from source to destination. People will also 
disagree about what was said. Discussions should be recorded and 
filed. There should be little distinction between letters and the 
spoken word, especialy in matters which could lead to a major 
purchase or some other form of contract. The award of damages 
or the replacement of defective or unsuitable equipment could hang 
on what was said between two people on the phone months previously. 

Engineers and consultants from several specialist and expert 
companies will each supply conflicting information about major 
design points. The fact is that many experts, like yourself, have 
picked up much of their expertise by working at a job under 
supervision - an apprenticeship type of situation. Defective 
knowledge will be accepted and used, because no one proved it to 
be incorrect. Techniques learned many years ago on one project 
may be assumed to be the global rule or method; these same 
techniques may then be applied to other projects where conditions 
actually require a completely different method. Because practical 
(but very narrow, specialised) experience may not always be backed 
up by theoretical knowledge,an expert is sometimes revealed to be 
an expert in very few circumstances. In other words, let each 
person do his or her work to the best of their ability, but you 
ensure that your objectives, discussions, agreements, contracts, 
observations, etc, are all very well documented. 

See Exhibits 2 through 5 - Discussion Records. 
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BAR CHARTS 

Bar charts can be very useful for illustrating planned sequences of 
tasks which are not very complex. Planned and actual timescales 
can be shown. 

In the figure below, shaded boxes represent planned timescales for 
each job, while the solid bars indicate the actual times taken. 

Depending on the materials upon which the bar chart is constructed 
it is possible to incorporate a 'cursor', or movable vertical bar, 
which shows the state of current jobs. 

Bar charts can be constructed with any number of rows to depict 
extremely complex sequences, but this form of chart does NOT show 
the RELATIONSHIPS between jobs. 

In other words, it is not possible to evaluate, using a bar chart, 
which jobs interface with which other jobs, or to see which jobs 
must be completed as a pre-requisite for other jobs beginning. 

JOB 
NUMBER 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CURSOR 
~~~~~~~-r~~~..--~~~~~-'f~-~~~~~~~ 

!VLLZL v 

ll. .. 

FIG. 1 

TIME UNITS 

BAR CHART EXAMPLE 

I 
I 
! 

If it is necessary to illustrate the relationships between 
interfacing jobs, then the network diagram is more appropriate. 
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NETWORK ANALYSIS. 

Network analysis is an extremely useful production planning and 
control tool. During any major project, a number of activities 
proceed separately, in parellel. One or more activities must be 
completed as a pre-requisite for one or more other activities to 
commence. This complicates resource scheduling and overall 
project planning, unlike a situation where each separate 
project task merely follows in line, sequentially. In the latter 
case, the overall project time would obviously be the sum of all 
times for all tasks. 

If all tasks could start at the same time and run parallel, the 
overall project time would obviously be that of the longest task. 

Where neither of these simple models apply, but there exist many 
more complex relationships, a network can be constructed. Below 
is a simple network depicting the inter-relatio~ships between 
the various jobs previously illustrated in the bar chart{Fig. 1). 

FIG 2 NETWORK DIAGRAM EXAMPLE 

181 DAYS 

3 5 6 

59 DAYS 40 DAYS 31 DAYS 
I 

I 
I 

I FINISH 
STARTCJ-~~~~9;..._~~-(,)-~~__:7~~-C~~~~B~~~~~-C:>--~__:1~0:.._~-<> 

45 DAYS 45 DAYS 46 DAYS 31 DAYS 

2 4 

59 DAYS 65 DAYS 

Lines represent activities, while circles represent events, or the start or 
finish of one or more activities. The earliest & latest possible start and 
finish times can be written into each event. 

It is obvious from this simple network, that the longest path is 
through tasks 1 & 10. Initially, this is the only path on which 
time savings can be made. This path controls the eventual finish 
date of the entire project; it is thus called the critical path. 
The critical path may well change as individual activities take 
longer or shorter than the scheduled timescales. 

'Dummy' activity 7.1 shows that activity 6 cannot start until 
5 & 7 have both finished, but that activity 8 is dependent only 
on 7 finishing. 
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PROGRESS CHARTS. 

In addition to bar charts and network analysis, it is very useful 
to record events which occur during each activity. 

Exhibit 1 illustrates a 'progress chart'. A sheet of paper is 
simply divided up into as many rows as there are things to monitor 
in this case telephone lines. As few as possible columns are 
drawn in to hold constant data. The remaining columns are assigned 
to dates, either periodical such as weekly, or ad hoc. 

Table entries can be made in text form or as references to 
discussion records or both. The table shown permits the 
co-ordinator to survey quickly the situation on any telephone line 
or on all telephone lines at any date, or what was last said 
about a particular location. 

Progress charts can be varied to record any large collection of 
related information. They could be used, for instance, to monitor 
costs. Planned items of purchase could be listed with budget costs. 
Each phase including purchase order, delivery, invoicing,payment 
and any exceptional conditions could be noted for each item. 
A variance column could provide up to date information on present 
cost status. 

The progress chart can be used as a matrix to visually tie up a 
file of discussion records. In the case of a disagreement, it 
is possible to identify quickly in which sequence people were 
interviewed, then identify the discussion records pertaining to the 
subject of the disagreement. 

Exhibits 2 through 5 show typical discussion records. They are 
almost direct copies of actual discussions. Names of companies and 
individuals have been altered by request. 
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EXHIBIT 1 PROGRESS CHART 

INSTALLATION PROGRESS - PRIVATE CIRCUITS & PSTN DIAL BACK-UP LINES 

LOCATION TYPE JOB NUMBER CIRCUIT NO. SCHEO:JLED SCHEDULED DATE: I PROGRESS AS AT 

TEL. NO. DATE 20.10.81 27.11.81 30.11.81 

A ENO LEASED 

OIALUP VJTNNN-NNN INSTALLED 

LIVERPOOL LEASE I) 9999/M/YY Rnnnnnn INSTALLED 

OIALUP AAA999/999 999 9999 
999 9993 

LONDON LEASED 9999/M/YY RLSW99999 

DIALUP AAA999/999 999 9999 1.12 .81 
999 9999 

EDINBURGH LEASED 9999/M/YY Rnnnnnn 

OIALUP AAA999 999 9999 SENT TO 
FIELD ENG. 
~..ll·.Jll. 

SWANSEA LEASED 9999/M/YY Rnnnnnn STARTED 
SCHED = 
2.12.81 

D!ALUP AAA999/~:H ~~~ ~~~~ INSTALLED 
MANCHESTER LEASED 9999'/M/YY Rnnnnnn 29.3.82 

******** 
CRITICAL 
~· 

1.12.81 2.12.81 

INSTALLED 

INSTALLED I 

OVERALL LINEUP 
LINEUP FAILED -
2.12.81 SEVERAL 

WEEKS 
'~ '-"-

TODAY OFFICE 
NEEDS 
REWIRE 
NO DATE 

22.1.82 
******** UNDER CRITICAL 

REVIEW 
******** 

STARTED NO LINES 
26.11.81 IN CITY • 
J2RQBL~M!': .llCLDA'l'F. 

UNDER-
GROUND 

2.12.81 FAULT 



Document Title:EXHIBIT 2 PROJEC'r SECTION 

DISCUSSION RECORD HP3000 1.1 

SUBJECT/PURPOSE PARTICIPANTS 

HP3000 LKD 
Environmental requirements C.E 

INTERVIEWER LOCATION 
L.K Darnton Phone 

START 
...I.I.M.J::. hh:mm l STOP 

..I..l.ME hh: mm 
FURTHER DISCUSSION y 

..B..E QlilRE<Q. ..1.. 

DE'fAILS: 

8. AIR CONDITIONING 

8.1 In addition to temperature (para 4) and 
humidity (para 5), it would be wise to provide 
for air intake from outside room. 

8.2 The air intake should provide for dust 
filtration & would generate a positive air 
pressure differential between the computer room 
and the corridor and between the computer room ' 
and the car park. 

8.3 This positive pressure differential would 
assist the removal of dust particles. 

8.4 Printers should be located near the door, 
so the positive air pressure differential will 
assist the transmission of paper & ribbon dust 
away from the computer room, via the door 
openi.ng. 

8.5 Convector heaters I coolers should not be 
positioned near printers, because convection 
currents may be stronger than the currents 
caused by positive air pressure differential; 
such convection currents could propel paper and 
ribbon dust into the computer room, rendering 
air pressure differenti.al useless as a cleansing 
medium. 

9. Proposals re: ground floor Room 4: 

Better than rooms 8/9 by reason of: 
Security 
Layout 
Peripheral access 
Off ice accommodation 
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DOCUMENT TITLE: EXHIBIT 3 

DISCUSSION RECORD 

SUBJECT/PURPOSE 

COMPUTER ROOM FLOORING -
CABLE DUCTING 

INTERVIEWER: 
L.K. DARNTON 

PROJECT: 

HP3000 

PARTICIPANTS: 

LKD 
C.E 

LOCATION: 
PHONE 

SECTION: 

1.1 

START lSTOP 
TIME : hh: mm 1'IME : hh: mm 

FURTHER DISCUSSION 
REQUIRED ? yes 

DETAILS: 

1. Trunking unlikely to bend under load if metal. 
2. Cable = l" diam, therefore minimum l"-lt'' 

trunking needed. 
3. Trolley may lurch, or push trunking, or both. 
4. If trunking pushed, could damage cable, or more 

likely, terminations. 
5. Mains could short, or short with signal lines. 

6. If cables defective, or modified to rectify 
inherent faults, fixed trunking would need to 
be pulled up - not an engineer function - time 
delays; same for cable revisions. 

7. Personnel tripping over trunking could do more 
damage than cost of false floor. 

8. Trunking not needed if machinery in line, 
L-shaped or U-shaped. Such layout not possible 
in room 4 or rooms 8/9. 

NOTES RE FALSE FLOORS: 

Surface mounted plugs & sockets (flush); 
Clearways; 
Underfloor fire extinguishers 
Repositioning equipment (much easier); 
Floor cleaning & polishing easy; 

Cable to CPU (Power) = l" diam; very difficult 
to conceal safely except in floor cavity; 

Thick power cables to disc drives. 
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DOCUMEN'l' TITLE EXHIBIT 4 PROJEC'l': SECTION: 

DISCUSSION RECORD HP3000 1.1 

SUBJECT/PURPOSE PARTICIPANTS: 

PROPOSED COMPUTER ROOM 

Initial Environmental Survey 

Mr.K.J. of A.B.C Co. Ltd 

INTERVIEWER: L. K. DARNTON LOCA'l'ION: ON SI TE 

START TSTOP TIME : hh: mm 'l'IME : hh: mm 
FURTHER DISCUSSIONYES 

REQUIRED ? 

DETAILS: 
1. I showed ground plans for room 4, HP3000 specs. 

2. 

3. 

We visited room 4 for survey & discussed basic 
work schedule. 
FLOOR: Overall height 5"; Ramp slope 1:10 max*; 

Underfloor fire detection est £xxx; 
Total access; flush clean supply sockets. 

HEAT OUTPUT: 
Machine (HP specs) 
Personnel (max 21,000) 
Lighting 
Modems (estimate) 

18,800 
9,000 
3,000 
1,500 

32,300 BTU 
TOTAL ESTIMATED = 30,000 - 36,000 BTU 
Plus expansion. 
Plus structural absorption. 

4. WALLS + OFFICE PARTITION + DOORS: 
~hour fire rated; no sliding door; 

SllEE'l'• 

4.2.1 

DATE• dd:mm.yy 

REFERENCES: 

*SAFETY 
REGULATIONS 

Partition may be partially glazed (max 1 sq.m SEE FIRE 
per 4' width); partition right up to structural OFFICER 
ceiling (cut slot in false ceiling) 

5. FIRE: Underfloor detectors; handheld 
extinguishers probably OK. 
Computer Room classified as Fire Generation/ SEE FIRE 
Power Generation Room; emergency buttons by OFFICER 
computer room entrance and office side of 
partition. 

6. AIR INTAKE: 1.1/4.2.3 
Inlet/exhaust already exist; blank off old 
exhaust opening. Install fan to give 500 cfm 
thru 12" sq duct, with 3-speed control (gives 

(50 cfm per person normal load x 3) + dust filter 
resistance + positive pressure differential + 
peak personnel loading. 
Dust filters = 80% at test dust no.l and 

95% at test dust no.2 both 12" sq 
7. HUMIDITY: 

Air intake inlets humidity, fan blades ensure 
good moisture mix with air; coolers remove 
moisture (condense & dump outside). Humidifiers 
(require plumbing) introduce measured quantity 1.1/4.2.S 
of vapour to reduce static - underworked because 
of moisture introduced by air intake. 

8. Min 24" below ceiling; more efficient near 
ceiling; backup unit in case of failure. 

9. FL~ PREPARATION: Heavy wash; hard polyurethane Continued 
va1 •. _sh. Move telephone junctions up wall. 1.1/4.2.2 
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DOCUMENT TITLE: EXHIBIT 5 

DISCUSSION RECORD 

SUBJECT/PURPOSE: 

PROPOSED COMPUTER ROOM 

FLOODING RUMOUR 

!N'fERVIEWER: 
L.K. DARNTON 

START I STOP 
TIME : hh:mm TIME : hh:mm 

DETAILS: 

1. AB in his office: 

PROJECT: SECTION: 

HP3000 

PAR'rICIPANTS: 

A.B 
C.D 
E.F 

LOCA'l'ION: 

G.H 
I.J 
K.L 

1.1 

VARIOUS 
FURTHER DISCUSSION 

REQUIRED ? YES 

M.N 
O.P 

Confirmed both rooms 4 & 8 flooded after heavy 
rain. 

2. CD in AB office: 
Flooded through canteen, up passage, into room 4 

SHEET: 

5.1 

DATE: 
dd.mm.yy 

REFERENCES: 

Drain overflowed EF/QR 
3. 

4. 

5. 

6. 

7. 

EF on ahone: 
Blocke drain by bike racks overflowed into work 
entrance, crept along concrete, didnt flood in 
true sense of word - thru partition (ie partitio~ 
pinned to floor - water under & thru partition). 
Friday night during heavy rain - not noticed 
until Saturday. Stud walls & carpets soak up 
water. Problem cured & probably wont happen 
again, but no guarantee. If drains blocked 
again, rooms 4 & 8 could flood again. Suggest 
raised floor installed. 
IJ in kitchen: 
Flooding occurred outside in drains at bottom of 
emergency stairs; dont know where it got in. 
Water rises under fire stairs when drains 
blocked. 
GH in factorr 
Water entere via large roller doors (bricked up 
now), due to flooded drains outside. Concrete 
ramp now built in front of existing works 
entrance prevents further flooding. Drains 1.1/5.4.1 
under fire escape couldnt flood kitchen before 
water evacuates onto car park. 1 1/4 4 2 
KL & MN: • ' ' 
During flood one weekend some months ago, 
standing water was discovered on the MONDAY 
morning. Weekentj maintenance staff had not 
discovered or suspected flooding in room 8. All 
lino tiles had to be lifted to expose wet 
concrete. Boxes in corner Z (see diag) water-
logged; all objects & materials on floor had to 
be lifted up. Corridor was wet, with water 
seeping through stud walls & skirtings. Very 
heavy rain. 
OP in factory: 
Intensity about l"-2"; damage extensive on 
ground floor; has happened several times; no 
heavy rain recentlf to test whether new 
preventative measures actually work. 



THE SITE SURVEY 

This section is a suggested checklist. It will satisfy some 
requirements but not others. Your project may be bigger or 
smaller. Use this checklist as a guide to indicate the sort of 
things you can expect to have to do. If you do not require to 
perform all listed tasks, omit them. This list is drawn from 
actual examples of projects undertaken and has been found to 
constitute a workable method of applying the Guide in a logical 
sequence. 

1. Obtain ground plans for your Company's buildings. 

2. Obtain or draw a map of departmental and individual staff 
locations. 

3. Use the Site.Planning Workbook materials to create several 
hypothetical computer rooms to calculate roughly the floor area 
required to house the hardware. Lay out the equipment in different 
ways (line, u-shape, 1-shape, square, console facing window, etc) 
and consider how you would feel working in your immaginary rooms. 

4. Repeat step 3 for other rooms the DP department will require 
(Office space, store rooms, paper handling, media storage, etc). 

5. Identify from the ground plans, which actual rooms would 
satisfy the basic space requirements. Select rooms which would 
provide a DP Department in adjacent or nearby offices. Avoid the 
DP Manager being located accross the road, or the operator having 
to wheel trolleys of output through the welding shop or up a small 
flight of three steps I. 

You may find a large room which would house several proposed DP 
Department rooms if partition were erected. Include these on your 
list. 

6. Using data from step 2, identify staff which would be 
di~placed by the computer if each of your alternative room 
selections was used. At this point the project must include user 
departments and higher management on the planning team. This 
step will require some thrashing out, because no decision can be 
made until detailed structural surveys have been conducted. 
However, top level approval must be sought before proceeding any 
further. 

7. When all possible rooms available for conversion have been 
identified and agreed, use the site planning workbook materials to 
produce a rough ground plan for each room. See Exhibit 6. 

8. Repeat step 3 in greater detail for each room. Spend as much 
time as you require on this step. Do not hurry or shortcut. 
~ few days spent here will save years of low morale, errors or poor 
production. Use your imagination to create each room. Play the 
game of being a fly sized operator walking around the floor of each 
diagram (see Exhibit 7). Use paper or card cutout of trolleys, 
people, etc, to create dynamic scale paper models; move the trolleys 
around your alternative computer rooms to see if you can push them 
around corners and between equipment. 

Do not feel embarrassed to build 'toy rooms' to play wHh. Build 
your models and play with them to reinforce your imagination, until, 
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like a child, you can experience, with some degree of subjective 
reality, actually being in your design. 

Visit each room, several times if necessary, to experience its 
true scale, lighting etc. Visit during different daylight 
conditions. 

Imagine your operator working there every day for hours on end. 
Consider the operators comfort, reflections on the VDU, changing 
tapes, walking around equipment to perform various tasks. 

Reject rooms which will provide a cramped space. A cramped 
machine room will created an unhappy operator & errors. 

When you have undertaken a subjective journey into each 
imaginary computer room, begin a detailed survey of each 
alternative. 

9. Refer to the Guide for floor specifications. Examine the 
floor at each site and consider walls, ceilings, windows. 
Consider each room from the point of view of physical security. 
Imagine yourself to be a burglar or sabboteur, attempting to 
enter from outside or from the corridor. Look at adjoining rooms, 
including rooms upstairs & downstairs. 

Examine the land contours and drainage outside the building; 
Imagine drains overflowing and spilling into the building. 
Check the roof construction and condition. Check·for electricity 
supplies, gas or water plumbing running adjacent or through the 
rooms, perhaps in ceiling, floor or wall voids. Your maintenance 
department should be able to help. 

10. Check the task of running a clean electricity supply into 
each alternative room. Position the air conditioing equipment in 
various places and get some initial feedback from your maintenance 
staff regarding piping runs, mounting condensers or other equi.pment 
on the outside of the building (from a structural point of vlew). 
Consult higher management about the aesthetics of knocklng holes 
through beautiful facades and bolting electrical equipment on the 
Georgian masonry I 

11. Call Hewlett Packard Customer Engineers. Give them your 
detailed plans for each proposed computer room and ask for comments 
about the suitability of conversion of each room. Have your 
customer engineer visit each room so (s)he can see both the plans 
and the actual environments at the same time. 

12. Consider all feedback obtained from all sources, including 
users. Older staff will often supply extremely valuable information 
without which an apparently perfect choice may turn out to be a 
complete disaster (see Exhibit 5). Select the room(s) you will 
convert. 

13. Return to higher management to discuss the logistics of staff 
or departmental displacement. Only when this step has been 
finalised and agreed do you proceed to detailed design work. 

14. Using the workbook materials, design a detailed equipment 
layout for each room you will eventually convert. Approach your 
design from the point of view of machine requirements and human 
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comfort. Do not economise on human comfort and health (but be 
reasonable). Computer environments do produce considerable stress, 
much of which is not quantifiable by reason of our lack of 
knowledge. 

Give sufficient space for operators, engineers and peak 
personnel loading. Use your operations experience once more to 
visualise all the normal operator tasks. 

15. Produce maps for the floor, heat distribution and floor 
loading. At this point you have 

i. selected your room(s) 
ii. produced equipment layouts, considering the operator as 

human being 
iii. produced initial plans from which your Installation 

Manual will grow. 

See Exhibits 7 through 10. 
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16. Using Exhibits 7 through 10 and the plans for the entire 
building, call in three consultants initially: 

i. your local Fire Inspector (call the Fire Brigade for 
details) and tell him you are installing a computer, 
have plans of the computer room and would like his 
advice regarding fire alarms, fire prevention and fire 
FIGHTING. 

Note his comments and advice on discussion records. 

ii. your Company's insurers. If they are not experienced 
in the field of computer insurance, contact a number of 
Company approved insurance organisations. 

iii. Flooring and air-conditioning vendors. 
Although you could contract several companies to provide 
raised floors, partitions, air conditioning, etc, 
your project will be considerably simplified by 
contracting a total environment supplier. Much of the 
more complex scheduling of overlapping tradesmen's work 
will be handled by a single supplier. 

Check that the suppliers are familiar with all local 
BUILDING, FIRE AND SAFETY REGULATIONS IN FORCE, and 
ensure that compliance with all such regulations will be 
built into any purchase orders. 

17. Take note of any re~ommendations or demands made by the Fire 
Inspector and insurance company. Modify plans if necessary. 

A practical example is one company where an excellent 
computer room was designed with very carefully thought out office 
accommodation for DP staff. Original occupants of the rooms had 
been relocated and the project was in full swing. The fire 
inspector visited the site and reviewed proposed plans. The plans 
were rejected because the only emergency exit for DP staff would 
have been through the computer room itself; this being a fire/ 
power generation area, could not be used as a fire escape route. 
The Inspector demanded that a fire escape door be cut into an 
external masonry wall leading directly to the outside. 

Higher management would not permit such a door to be cut into the 
front facade of the building for various reasons. The entire 
computer room design was scrapped and restarted from square one. 

In this case several days design work was lost; however, the 
consequences of not consulting the Fire Inspector first would have 
been closure of the DP Department and cessation of business until 
requisite fire exit had been constructed. This event may not have 
occurred until several weeks or months after going live I 

18. Another example of interaction with the Fire Department is: 

The Fire Inspector demanded that one Company install automatic 
underfloor halon fire extinguishers, to be triggered by the fire 
alarm system. However, because of the structural detail of the 
room, a short ramp up to a raised floor limited the floor height to 
5" overall (too small a floor void to accommodate the recommended 
type of fire equipment). Discussion with the Fire Inspector and 
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Insurers led finally to an agreement to install manual halon fire 
extinguishers, two strategically positioned emergency off buttons 
(which would shut down the entire electrical supply and air 
conditioning plant), and a manual break-glass unit in a corridor 
outside the computer room itself. In addition, a more 
comprehensive alarm system was required, with alarms in four 
locations in the building. 

In this case, if the computer electrical circuits had been installed 
before discussions with the Fire Inspectors, a considerable amount 
of rework would be necessary, requiring the complete closure of the 
computer system. 

19. In another example, a three-phase supply was to be run into the 
computer room, each phase to be used to supply different circuits 
within the same room. It was the Fire Inspector who pointed out 
the dangers of having equipment on different phases too close 
together, or of an engineer plugging test equipment into a socket 
suplied by one phase, to test machinery supplied by another phase. 

The dangers of this arrangement were verified by Hewlett Packard 
engineers. 

20. Only when all plans have been finalised and agreed with the 
Fire Inspector, Insurers and any other authorities involved, 
should you schedule actual construction work. 

Plans such as Exhibit 7 can be used to draw electrical circuits, 
air conditioning supplies,fire alarm circuits, communications 
circuits; floor tile cutouts will be required for power and data 
cables; these can be detailed on a blank overlay derived from 
Exhibit 8. 

21. The entire project can be broken down into constituent parts 
(Exhibit 11) such as the SHELL, SUPPLIES, CONTROL, and 
COMMUNICATIONS. This represents the concept of the shell or 
enclosure containing the computer environment, the energy supplies 
required to feed the environment, the controls required to 
maintain the environmental condition and finally, the communications 
between the environment and the outside world. Other different 
conceptual divisions can be formulated to suit your own particular 
project requirements or scope of responsibility. 

Each 'leaf' of the 'tree' (Exhibit 11) is expanded (Exhibit 12) 
into an unordered list of tasks to be performed. The list of tasks 
for each 'leaf' is drawn from your file of discussion notes, the 
Guide and your plans, diagrams, etc. 

Each unordered list is, by a logical process somewhat akin to 
writing a program and thoroughly deskchecking it, rearranged into 
an actual work schedule. This schedule can then be used as the 
basis for the creation of your network (Fig 2) and finally your 
bar chart (Fig 1). Progress charts (Exhibit 1) can be drawn up 
where necessary - usually where a detailed level of the project 
contains many detailed components which require critical control, 
for example the installation of several private circuits with 
associated dial back-up lines, modems, etc; components such as these 
involve many remote activities which can usually be monitored only 
by telephone; thus frequent communications are required, with very 
accurate discussion records. 



DOCUMENT TI'l'LE: EXll lB l T 11 

SUMMARY WORK SCHEDULE -
COMPUTER ROOM 

PROJECT: 

HP3000 

SEC'l'ION: SllEET: 

1.0 1.0 

PROJECT. 

I 
1. SHELL 

I 
1.1 

FLOOR 

1. 2 
WALLS 

1. 3 

CEILING 

I 
1.4 

PARTITION 

I 
L5 

DOORS 

I 
1.6 

WINDOWS 

I 
2. SUPPLIES 

I 
2. 1 

ELECTRICITY 

2.2 
WATER 

2.3 

TT 
2.4 
AIR 

I 
I 

3. CONTROL 

I 
3.1 
AIR 

CONDITIONING 

I 
3.2 

FIRE ALARMS 

3.3 
PHYSICAL ACCESS 
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I 
4. COMMUNICATIONS 

I 
4.1 

VOICE 
TELEPHONES 

I 
4.2 

DATA 
COMMUNICATIONS 



DOCUMENT TITLE: EXHIBIT 12 PROJECT: SECTION: SHEET: 

SUMMARY WORK SCHEDULE - HP3000 1.0 I .1 
COMPUTER ROOM 

LEVEL 1.1 - FLOOR 

TASK TASK DATE COMMENTS No COMPLETE 

1.1.1 Vacate room 
1.1.2 Lift carpet 
1.1.3 Sweep/vacuum floor 
1.1.4 Anti-static floor 

cleanse 
1.1. 5 Hard polyurethane 

varnish 
1.1.6 Lay raised floor 
1.1. 7 Fix skirting trim 

1.1.8 Fix handrail housings 

1.1. 9 Prepare/fix handrail 
1.1.10 Cut housings for flush 

mains sockets 
1.1.11 Fit flush mains 

sockets 
1.1.12 Cut entry hole for 

mains cables under main 
distribution panels 

1.1.13 Carpet in office 
1.1.14 Carpet in doorwell 
1.1.15 Carpet on ramp 
1.1.16 Skirting trim in office 
1.1.17 Cut signal cable entry 

points to peripheral 
cabinets 

1.1.18 Cut special access 
for communications 

cabinet base 
1.1.19 Final cleanse before 

computer delivery 
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22. Purchase Orders for major items. 

When vendors visit your site, you will notice two types. One will 
give you some glossy pamphlets, a list of advantages of their 
products and ask you to select the model you want. 

The other type is more interested in a long term relationship. 
He will conduct a thorough survey. 

For example, let us examine air conditioning. The first type may 
look at your heat output calculations and show you a number of 
units which will satisfy your calculated cooling requirements. 
The second type will request a step ladder so he can inspect the 
existing ceiling void; he will pull the carpet up to see the floor, 
want to know about the material construction of the walls, 
examine the exterior walls for structure and condition, examine 
adjoining rooms (including above and below); he should consider the 
local environment, peak personnel loading, etc, etc. You will know 
that you have had a thorough structural & environmental survey. 
His facts & calculations which you have recorded on your discussion 
records, can be checked against calculations using Hewlett 
Packard's formulae in the Guide. He will provide you with a list 
of satisfied customers. 

I have always followed up references provided by potential suppliers. 
You would be surprised how some telephone calls have resulted in 
" ••••• well, we took our first three installations from XYZ Co.Ltd., 
but we found their service to be so bad, we have now changed to 
PQR Ltd; PQR have now installed 25 complete environments to our 
satisfaction and their service is excellent.". Why XYZ Co. Ltd., 
still provides references such as these ~ dont know. I suspect that 
very few people actually check the impressive lists of clients which 
these suppliers give out. ALWAYS ask for a fairly long list of 
references and ALWAYS check them. 

When writing a purchase order, do not simply order the goods from 
the catalogue. Make the order subject to various previos agreements. 
For instance instead of ordering: 

1 Air conditioner unit type AD5034 

order instead 

1 Air conditioner unit type AD5034 as proposed by 
PQR Ltd (Mr. XXX) on dd/mm/yy to satisfy the 
environmental requirements discussed and agreed 
between our Mr. Darnton and your Mr. XXX on 
dd/mm/yy and detailed on the Schedule to this 
purchase order attatched hereto. 

The Schedule referred to in the purchase order should list the 
environmental controls required and the equipment to be installed 
now and in the future, and normal and peak staff loads. It should 
state that PQR Ltd has conducted a survey and that if anything in 
the schedule is found by PQR Ltd to be incorrect, the co-ordinator 
should be contacted in order that an amended purchase order schedule 
can be drawn up, and a new purchase order delivered. 
PQR's delivery and installation of the ordered items constitutes their 
agreement with everything which is written into the purchase order 
schedule. 
I have, on several occasions, relied upon such schedules, in order 
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to receive timely or free re-work in the case of design faults 
which were the sole responsibility of the suppliers. 

Ideally, all your supplier relationships would be trust-based, 
but this rarely works out in practice. Some suppliers are proud 
of their name and products and will give excellent service to 
maintain their goodwill. Others need to be bound by law. My 
reasons for tying suppliers down are that in the event of 
disagreements between the supplier and my Company, we can fall 
back on a strictly legal contract. Both the supplier and I are 
protected. Another point of view is that a supplier's salesman 
and I may have hit off a good relationship, whereas his or my 
successor may be very different persons; they will not have the 
knowledge of the system which I possess; even where documentation 
is perfect, successors are not the creators of the system; most 
people will protect their own creations and there is a deep rooted 
instinct to replace those of others - perhaps a hangover from 
"marking territory" ? 

23. SELF DISCIPLINE AND PROJECT CONTROL 

From here on, the key to your smooth operation is efficient 
documentation and immediate follow-ups to problems, with the 
most urgent attention paid to tasks falling on the critical path. 
Regular reviews should be executed. Where these are reliant upon 
information from external sources, you should exercise a default 
silence period; that is, if you hear nothing for n days, make 
a status enquiry. 

If you are not disciplined, this will be reflected in your project 
status at any moment in time. Unfortunately, delays often tend 
to behave cumulatively, such that a short period of ineffici.ency 
is very difficult to rectify later without pumping additional 
resources into the project. 

You will learn very quickly that time is a resource with its own 
momentum. Even if you stand still, time will continue. Time 
also consumes money; the two are insep~rable. You will also 
discover that however well you plan your schedules taking into 
account all known and measurable factors, there will always be 
some delay, error, accident, etc., which will pull you back off 
schedule. It is absolutely imperative to build contingency time 
into your milestone estimates. Various attempts to define 
scientifically how much contingency to build in, have been made; 
however it appears that each person in a given situation will 
require his or her own average contingency time. This can be 
determined by measuring your time estimates for project components 
from the outset; measure actual time taken and calculate your 
variance. The variance will relate generally speaking to an 
individual's level of skill; however, various conditions may 
interfere with an individuals performance and this interference 
will fiuctuate from day to day. 

Building in sensible, realistic contingency time is the project 
planning & control analog of safety tolerances in mechanical or 
electrical engineering' In other words, build in no safety 
margin and your system (in this case your designers and construction 
staff) will fail under the constant stress of full load and the 
intermittent stress of excessive load. 

Therefore, omission of contingency time will often extend the project. 
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FURTHER READING 

1. HP3000 Site Planning and Preparation Guide. 

2. HP3000 Site PlanningWorkbook. 

3. Recommendations for The Protection of Computer Installations 
Against Fire. 

Fire Offices' Committee and Fire Offices' Cornrnitte of Ireland 
Aldermary House, Queen Street, London, EC4N ITT, 
December 1979. 

4. Fire Precautions Act 1971 
HMSO 

5. Introduction to Network Analysis: 

5.1 Systems Analysis for Business Data Processing 
H D Clifton 
Business Books Ltd .• 24 Highbury Crescent, 
London N5 

ISBN 0 220 66369 6 

5.2 Operational Research 
W.M. Harper 
M&E Handbooks 
MacDonald & Evans Ltd 
Estover, Plymouth, PL6 7PZ. 

ISBN 0 7121 1514 S 

These books provide an introductory level text which should 
be sufficient to enable most site planners use network 
charting and analysis quickly and to advantage. 
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Making Utilities Non-utilitarian 

Presenter 

Chris Shinn 

Louis Dreyfus & Co. Ltd. 

Abstract 

There exists a wide range of system utilities available from HP and 
other vendors to enable rapid development of reports and to meet ad 
hoc user requirements. The problem for commercial users is how to 
make them usable and acceptable to the non-technical user. 

Several years ago we developed a "user friendly" job initiation 
utility whereby parameters could be substituted into a batch stream 
file from an interactive session. This program which we have called 
FIJI (Friendly Interactive Job Interface) has evolved . into a 
versatile job control language which we use to "front end" system 
tools and reporting software (ASK,RPG etc.). 

The presentation will examine the design of the user interface and 
demonstrate how easily interactive dialogues can be constructed. It 
ls intended for system managers and programmers interested in using 
cost effective software aids without the necessity for their users 
to acquire special skills. The benefits of this approach will be 
illustrated with examples taken from the several hundred offline 
facilities we use in our shipping and trading systems. 
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USING UTILITIES IN COMMERCIAL APPLICATIONS 

In many installations systems tools are frequently used to aid 
development but rarely form part of the final application itself. 
Design considerations concerned with providing good response times 
and optimum resource utilisation from data entry and enquiry 
transactions often outweigh arguments in favour of employing utility 
software. However, this is not the case with the offline components 
such as reporting, periodic re-organisation and archiving 
procedures. 

For example, we know that to create an IMAGE key for every possible 
report selection path (or even worse, use sorted chains) will simply 
reduce overall performance. On the other hand, the use of a fast 
extract utility, sort and print, not only cuts report development 
time but also reduces the need for database design compromises. It 
can also be faster in execution e.g. where NOBUFF I/O is used. 

The scope for using utilities promises significant cost savings. 
Offline procedures in our installation represent about half of our 
software development workload. This includes maintenance 
enhancements which largely comprise further reports and analyses to 
obtain maximum benefit from the information base that has been built 
up. 

THE NEED FOR AN INTERFACE 

It might be tempting to place utilities directly into the hands of 
our users. There are, however, several good reasons for not 
adopting this approach. 

In the first place general purpose software by its nature must be 
"all things to all men". This necessitates the use of abstract 
computer terms such as field description, dataset names etc., rather 
than terminology familiar to the user's own discipline (account 
designation, customer reference etc.). 

Secondly, users may view utilities as solutions in themselves. As 
familiarity is gained with a tool there will be a tendency to "use 
the spanner as a hammer" rather than call on the services of a 
tralned analyst to determine the appropriate solution to their 
problem. 

Thirdly, not all tools are made to the same standard and quality -
they often have operational quirks, limited data protection and poor 
diagnostics/help facilities. 

In summary, they can provide much rope by which users can hang 
themselves. 
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DESIGN CfluSEN --------
To overcome these problems, we decided to employ an interface 
between the user and utility software. The proposed method was for 
an interpreter that would process a command type file to establish 
user dialogues and provide control logic. Following consideration of 
the possible uses for utilities (i.e. how best to handle offline 
requirements) it was decided to make the interface a batch job 
interface. This would avoid tying up the user's terminal when 
offline tasks are required (mainly reporting) and prevent high 
volume processing from degrading online transactions. 

A further technical consideration at the time was the difficulty of 
interactively executing a command type file with imbedded program 
data for $STDIN files. Although the arrival of MPE IV and the 
ability to re-direct $STDIN input has removed this problem, we have 
not felt the need to extend the interface to offer online utility 
processing via process handling. 

The interface program we now use, named FIJI, processes a job 
co~nand file previously created using an Editor (we use QEDIT work 
files for speed). The command file is similar to a normal job file 
but contains imbedded parameters and special commands. When a 
parameter is encountered, the user is prompted with the parameter 
text. His/her response is used to replace the parameter (and any 
subsequent occurrence) in the output stream file. The special 
commands determine logic control and provide for manipulation of 
help/display text. 

Schematically: 
Command file 

I 
I 

v 
Online dialogue ~---> FIJI 
and entry I 

I 
I 

v 
Job file 

I 
I 

I 
v 

MPE Job Stream 

The output file created for MPE processing is normally automatically 
streamed into the batch queue. Alternatively, jobs that require 
scheduling overnight can be transferred to our schedufer. We intend 
to incorporate a linkage mechanism this year, but since the majority 
of our overnight jobs are fully automatic (requiring no run-time 
parameters) this has been assigned a low priority. 

2 
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PARAMETER SUBSTITUTION METHOD 

As stated 
These are 
substituted 
illustrates 

Input Text: 

above, the command file contains imbedded parameters. 
used to prompt the user for a response which is 

into the output job stream. This simple example 
the basic form: 

:JOB DAYBOOK,HGH.ACCOUNTS 
:RUN POAYl:lOOK 
!DISPLAY Enter date required 
1Date(6) 
: EOJ 

Online Prompt: Enter date required 

Output Job: 

Date 

:JOB DAYBOOK,MGR.ACCOUNTS 
: RUN PDA YBOOK 
020383 
:EOJ 

The "I" character is used to identify that a parameter is to be 
inserted in this position. The text following the ";/," (which can 
include spaces, quotes or any other characters) is displayed as a 
prompt to the user. The number that fol lows in round brackets 
signifies tile length in characters allowed for the response and 
terminates the prompt text. 

DOUBLE SUBSTITUTION 

In uddition to direct substitution, the user's response can be used 
to select imbedded values. This allows the interface designer lo 
base prompts/replies on 11hat is best for the user rather than what 
the utility syntax dictates. 

For instance, a Query FIND might be based on a month range for 
producing a quarterly report. The following command lines would only 
require tile quarter to be entered: 

IOISPl.AY Please enter quarter required (l-IJ) 
FIND DB-HTll ll3 SQuarter7 (l)l 1:01,03ll2=0JJ,06][3=0'{ 1 0l)Jl!J=10,12] 

The v<.llue enclosed in square brackets (left of equals sign) is 
compared with the user's reply. Where lhe same, the imbedded text 
(right of equ;,ls sign) is used to per·form the suustitulion. 
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SUBSTITUTION EXAMPLE 

A Budget List is required with selection by Budget Code and the 
option to choose the sequence by which details are reported. Budgets 
ar~ held within an IMAGE dataset with the Account and Cost centre 
codes as the only Search items. The report job uses a fast copy 
utility, TRANSF, to extract budgets for the Budget Code selected. 
These records are then sorted according to the order requested prior 
to input to a print program. 

Command 
Text: 

Online 
Dialogue: 

Output 
Job: 

IDISPLAYC D,Budget List Request 
:JOB BUDGLIST,MGR.ACCOUNTS 
:RUN TRANSF.PUB.SYS 
FROM=D:LDACTS.PUB/PASS,5,BD-BUDG TO $NEWPASS AND 
B111="iBudget Code(2)" 
EXIT 
:FILE INPUT=$0LDPASS 
:FILE 6UTPUT:$NEWPASS 
:RUN SORT.PUB.SYS 
!DISPLAY Please indicate sequence required for Report 
!DISPLAY 1 = Cost centre - Account no. order 
!DISPLAY 2 = Account no. - Cost centre order 
KEY 1,3; 112,2 
KEY ~"1" or "2"?(1)[1: 4,4; 8,10 )[2= 8,10; 4,4) 
END 
:FILE SORTBUDG:$0LDPASS 
:RUN PBUDGET.PROGRAMS 
:EOJ 

Budget List Request 

Budget Code @El 

Please indicate sequence required for Report 
1 = Cost centre - Account no. order 
2 = Account no. - Cost centre order 

"1" or "2"? m 

:JOB BUDGLIST,MGR.ACCOUNTS 
:RUN TRANSF.PUB.SYS 
FROM:D:LDACTS.PUB/PASS,5,BD-BUDG TO $NEWPASS AND 
Blll="DP" 
EXIT 
:FILE INPUT=$0LDPASS 
:FILE OUTPUT:$NEWPASS 
:RUN SORT.PUB.SYS 
KEY 1,3; 112,2 
KEY 4,4; 8, 10 
END 
:FILE SORTBUDG=$0LDPASS 
:RUN PBUDGET.PROGRAMS 
:EOJ 
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PROGRAMMATIC CONTROL 

As well as substituting text, special commands can also be used to 
offer programmatic control over the output job. It is obviously 
important that the use of the interface control language does not 
become a time consuming development task in itself. With this in 
mind, certain restrictions are built into the design. First, all 
prompted entry is held ihternally as unique parameters which cannot 
be overwritten. This provides for the ability to re-prompt the user 
for one or more parameters with automatic "restart". Second, all 
logic control is achieved through the use of simple GOTO or DO 
commands. Jobs are prevented from indefinitely looping by only 
allowing GOTO forwards and limiting DO executions to a specified 
number of times. 

The example below is a simple Accounts List report request that 
allows optional selection by company. Note the simplicity of the 
user dialogue in contrast to the syntax required by Query. The 
example also serves to illustrate the GOTO command and shows the use 
of the ERROR command to re-prompt user entry. 

Command 
Text: IDISPLAYC D,Accounts List Request 

:JOB ACLIST,MGR.ACCOUNTS 
:RUN QUERY.PUB.SYS 
XEQ ACDEF 
IDISPLAY Do you wish to report on ALL companies? 
$"1" or "N"(l)[Y][N][ELSE:IERROR Please enter "Y" or "N"] 
$"Y" or "N"(l)[N:IGOTO COMPANY SELECT] 
F ALL GL-ACCODE 
!GOTO CONTINUE 
$$COMPANY SELECT 
!DISPLAY Enter company code required 
F GL-ACCODE IB $Company(3~0000000,$Company(3)9999999 
$$CONTINUE 
XEQ ACLIST 
EXIT 
:EOJ 

Online 
Dialogue: 

Accounts List Request 

Output 
Job: 

Do you wish to report on ALL companies? 

"I" or "N" gj 

Please enter "Y" or "N" 

"Y" or "N" l1J 

:JOB ACLIST,MGR.ACCOUNTS 
:RUN QUERY.PUB.SYS 
XEQ ACDEF 
F ALL GL-ACCODE 
XEQ ACLIST 
EXIT 
:EOJ 
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ONLINE OPEHATION 

All screen handling is carried out in character mode. This was 
chosen in preference. to a forms-fill approach for simplicity and 
flexibilty. It is simple in that the embedded parameters in the 
command file can be used as prompts, obviating the need for forms 
files and mapping descriptions. It is flexible since prompts can be 
conditioned by previous responses. This avoids the confusion that 
can arise from using screen forms containing mutually exclusive 
selections i.e. complex error messages and fields taking on 
different meanings depending on other values entered. 

The interface can be run as a stand-alone program, from a UDC or via 
a menu selection program using process handling. The simple :RUN 
method is normally only used for internal jobs since the user must 
supply the command file name. 

Running from a UDC or menu, however, allows the user's job choice to 
be pre-set by using file equations to inform the interface which 
command file has been selected. The screen is then cleared prior to 
display. Blocks of display text and entry lines are automatically 
separated by blank lines to maintain an uncluttered appearance. 
Prompts for user entry are followed by an inverse-video box set to 
the length of the parameter required. The user can typ~ in EXIT at 
any time to abort a job or type HEt.P to call up a block of 
pre-defined help text. 

To further ease operation, replies can be entered using either the 
EUTEH or RETURN key. Users find this helpful where other online 
transactions, such as data entry, use block mode. The technique 
involves preceding the prompt with a special character (we use an 
underline) which has been defined as a line-termination character 
via the FCONTROL intrinsic (control code 25). function keys can 
also be used for HELP and EXIT requests (the escape sequences are 
simply translated on input). 

HELP FACILITY 

A block of help text is specified by use of a HELPMSG command. In 
common with other display commands, text can be output with display 
enhancement. In the example below, the character 'J' preceding the 
message will cause the help text to be shown in half-bright 
inverse-video on the user's terminal. 

IHELPMSG J, The report shows all transactions for this year 
lllEl.PMSG J, up to and including the MONTH entered. 
lllELPMSG J, Enter the month as a numeric (1-12). 
lllELPMSG J, Note that months beyond the current Posting 
!llELPMSG J, month are invalid. 

Several blocks of help text can be designated within a job. The 
last block preceding the parameter currently prompted for will be 
selected for display. Thus, the help given can be general or 
specific to each proMpt offering a step by step guide. 
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VALIDATION FACILITIES 

The validation options available aim to provide a standard of user 
friendliness comparable to our other inhouse programs, 

They are: 

- format checks with editing 

- Range checking 

- Validation against data already held, typically system codes 

FORMAT CHECKING/EDITING 

Parameters can be checked for format using a VALIDATE command. 
Editing facilities allow flexibility regarding user entry. for 
example, where a numeric reference is required, 

!VALIDATE Voucher Ref(lO),RJ,Zf,C,N 

will right-justify and zera-fill the user's entry as well as 
validating that it is non-zero (compulsory) and numeric. This avoids 
the type of confusing situation that can arise when a selected 
reference entered as "123456" is not correctly interpreted as 
"00001231J56". 

DATE MANIPULATION 

Dates can also be validated and edited into a form compatible with 
the way in which they are held on file. Typically, this enables 
extraction of records on the basis of an effective date or date 
range. for examplei dates entered in DDMMYI (European) format can be 
reversed into YIMMDD form for field comparison using a DEFINE 
command as illustrated below: 

!VALIDATE Start Date(6),D,C 
!DEFINE S-DAY(2)S-MTH(2)S-IR(2) = Start Date(6) 
:RUN ASK.PUB.SYS 
XEQ DEFHIST 
F HIST-DATE GE %S-IR(2)%S-MTH(2)$S-DAl(2) 
XEQ HISTREP 
EXIT 
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.!!!\..!!Q_t. C ll ECK I NG 

The .· 4i;e of the 
method method to 
sho~m here: 

ERROR command in double substitutions provides a 
check user entry against pre-defined values as 

!VALIDATE %Month(2),RJ,ZF,N,C 
%Month(2)[LT:01=1ERROR Invalid Month!] 
%Month(2)[GT:12:1ERROR Invalid Month!] 

CROSS FIELD VALIDATION 

Replies can also be validated 
command allows for re-prompting 
parameters as demonstrated here: 

against each another. The ERROR 
of groups of mutually dependent 

Command 
Text: 

:RUN TRANSF.PUB.SYS 
!DISPLAY Enter range of t~ansaction references 
FROM D:llIST/PASS,5,TRDET TO $NEWPASS AND 
BO >= "iFirst Ref(8) AND BO <= "%Last Ref(8)" 
%Last Ref(8)[LT:%First Ref(8)=1ERROR 2,Last before First Refl] 
EXIT 

Online 
Dialogue: 

Output 
Job: 

Enter range of transaction references 

First Ref 

Last Ref 

jABS03050l 

IABN90577I 

Last before First Ref! 

First Ref 

Last Ref 

IABN90577I 

IABS03050I 

:RUN TRANSF.PUB.SYS 
FROM D:llIST/PASS,5,TRDET TO $NEWPASS AND 
BO >= "ABN90577" AND BO <= "ABS03050" 
EXIT 
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REFERENCE TO EXTERNAL FILES 

No validation facility would be complete without the ability to 
r~ference external files. Almost all applications will use codes for 
companies, products etc. File look-up enables validation of the 
codes and relationships between them e.g. is a Supplier code 
applicable to a Company selected? 

Files are declared using a form such as: 

IFLl VENDMAST.LIVE.ACCT 
IFL2 DBPDS/PASS,5,CERTDET.CERTCODE 

(for serial or KSAM files) 
(for IMAGE files) 

Records can be accessed by key value, record number or sequentially. 
For example: 

IINl KEY=SVendor Code(8) 
IIN2 NEXT 

A special internal parameter, 1 STATUS(2)', indicates whether the 
read is successful: 

OK = Successful 
NF = Not found (using key or record number) 
EN = End of file (or end of chain for IMAGE detail sets) 

ACCESSING RECORD DATA 

Record data can be accessed by use of a DEFINE command for 
substitution of 'internal' parameters within the command file. 

IFL5 CODEMAST.PUB 

IIN5 KEY:CO-SCompany(3) 
SSTATUS(2)[NF=IERROR Company does not exist!] 
!DEFINE .(6)COMPNAME(20) = RECORD(*) 
!DISPLAY Company: SCOMPNAME(20) 

A company code of, say, 234 would be used to form the key "C0-234" 
to access the file CODEMAST. The DEFINE places the company name in 
an internal parameter COMPNAME which is then displayed as 
confirmation of the company selected. Note the use of a "filler" 
field (full stop followed by length) to skip over the key which is 
the first part of the record itself. 
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ANOTHER VALIDATION EXAMPLE 

The Service History request job below shows how FIJI commands can 
provide as much information and assistance as would be expected from 
any other online transaction. Seafarers are selected by a unique 
reference called the Discharge Book number. This example shows the 
portion of the job concerning its validation. The reference is 
checked for format, validity within the system and whether it is 
currently included in the Service History held. Help text reminds 
the user how to find a seafarer's Discharge Book number where it is 
not known. 

Command Text: 

IDISPL.AYC D,Service History Report Request 
IHEL.PMSG The Seafarer Discharge Book Number must be entered. 
lllELPMSG Use the Name Index via Hain Details Display where 
lllELPMSG this is not known. 
IFL2 DBSVC.PUB/MAINT,5,SVCHIST.DBNO 

!VALIDATE Dis. Book No.(10),X,C,LJ 
IIN2 KEY:%Dis. Book No.(10) 
lSTATUS(2)[NF=IERROR Non-existent Seafarer!] 
%STATUS(2)[EN=IERROR No Service Record for this seafarer] 

Online Dialogue: 

Service History Report Request 

Dis. Book No. m908345 

Non-existent Seafarer! 

Dis. Book No. ™903845 

No Service Record for this seafarer 

Dis. Book No. l~fl_E_L_P __ ~ 

The Seafarer Discharge Book Number must be entered. 
Use the Name Index via Main Details Display where 
this is not known. 

Dis. Book No. ~IE_X_I_T __ _ 

The first code entered, R908345, could not be found in the IMAGE 
master set linked to the detail set specified. A value of 'NF' was 
thus returned in the STATUS parameter. The second code, R903845, 
exists in the master file but not in the detail set. The STATUS 
returned 'EN' indicating end of chain. Following entry of "HELP", 
the block of HELPMSG text was displayed. In the example the user 
elects to abort at this point via EXIT. 
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A MODULAR APPROACH TO REPORTING WITH RPG 

Many FIJI jobs within our installation comprise an extract, sort and 
print using RPG. Although RPG is not strictly a utility, it does 
share some general characteristics. Firstly, it has excellent 
high-level report formatting and control capabilities and can 
therefore be classed as a rapid development tool, Secondly, it 
suffers from the same shortcomings regarding online interaction. 
Although it is not impossible to develop a reasonable user interface 
it is very time consuming. Indeed, where its use is stretched beyond 
reading fixed format files and outputting reports it becomes rather 
unwieldy and loses its cost effectiveness. 

However, used in conjunction with an interface, report modules need 
only be simple. The interface takes care of online interaction and 
is able to translate selection requirements for the extract and sort 
utililtes through manipulation of their parameters. This modular 
approach allows independent development/modification of the 
selection and report production components. 

The Daily Cash Book request job listed below illustrates the 
technique, The job prompts the user for a date range (Start and End 
dates). The dates are converted to YYMMDD format for field 
comparison by the fast copy utility, TRANSF. Journal entries for 
cash items are identified by a non-blank Cash Code. Extracted 
records are then sorted prior to input to the RPG print program. 

!DISPLAYC D,Daily Cashbook Journal 
!OPTION U 
:JOB CASHBK,SUSER(8).CMDT,ACCOUNTS 
IHELPMSG Reports all cash-coded journal entries for a date range. 
!DISPLAY Please give Start and End Posting dates 
!VALIDATE Start Date(6),D,C 
!DEFINE St-Day(2)St-Mth(2)St-Yr(2) = Start Date(6) 
!VALIDATE End Date(6),D,C 
!DEFINE En-Day(2)En-Mth(2)En-Yr(2) = End Date(6) 
:COMMENT -- Extract cash-coded entries for date range 
:RUN TRANSF.PUB,SYS 
FROM DBACCS.PUB/PASS,5,JN-JOURNAL TO $NEWPASS & 
825 GE "SSt-Yr(2)SSt-Mth(2)SSt-Day(2)" AND 
B25 LE "SEn-Yr(2)SEn-Mth(2)SEn-Day(2)" AND 896 NE " " 
EXIT 
:COMMENT -- Sort extracted file prior to printing 
:RUN SORT.PUB.SYS 
INPUT $0LDPASS 
OUTPUT $NEWPASS 
KEY 16,10; 9,3; 26,6,DESC; 97,1; 107,6,0ESC; 1,6 
END 
:FILE FSJRNL:$0LDPASS 
:RUN PCASHBK 
:EOJ 

Note: 1. Dates are broken down into day, month and year via DEFINE 
commands so they can be reversed for field comparison. 

2. Further selections can be added by simple changes to the 
input parameters to the extract utility, 
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INTERNAL PROCEDURES - SYSDUMP EXAMPLE 

This next example is not a user application but has been included to 
illustrate the wider use of a batch interface for internal 
procedures. It should have some relevance to all H.P. users since 
it concerns the use of SYSDUMP. We back up our entire system weekly 
(zero dump) and do partial (date) dumps daily. In order that we can 
recover quickly, the partial dumps use the date preceding the last 
full back-up. This also gives us two chains of recovery should we 
encounter a tape read failure on, say, the last zero dump tape. 

We use a FIJI job to ensure the correct entry of dates. This avoids 
the possibility of having a 'broken' recovery path due to operator 
error. Futhermore, it is simple to enhance the job, In fact, the 
full live job logs the date the dump was taken and the dump-date 
used via Editor to provide a complete record of all dumps taken. 

:JOB SYSDUMP,DUMPER/SECURE.SYS 
!OPTION D 
!DISPLAY •••••• DAILY SECURITY DUMP 111111 

!DISPLAY FULL (FRIDAY) DUMP REQUIRED? 
1--"Y" OR "N" (l)[Y)[N][ELSE:IERROR Enter "Y" or "N") 
:TELLOP LOAD FIRST SCRATCH TAPE TO RECEIVE DUMP 
:FILE LP;DEV=LP,13 
: CONTINUE 
:LOG LOGIDLD,STOP 
:FILE TAPE;DEV:7 
:SYSDUMP *TAPE, 1 LP 
N 
1--"Y" OR "N" (l)[Y:O)[N=IUSE DUHPDATE) 
@.tL@ 
y 
:EDITOR 
T HOLDDATE 
II Update Hold-date if Date Dump 
1--"Y" on "N" (l)[Y=!GOTO ZERO DUMP) 
R 1 
IMONTH(2)/IDAY(2)/IYEAR(2) 
K 
!GOTO CONTINUE 
l'.ZZERO DUMP 
II If zero dump re-set Dump-date to last Hold-date 
K DUMPDATE,UNN 
%%CONTINUE 
EXIT 
:TELLOP 11 * SYSTEM DUMP COMPLETED ••• 
:LOG LOGIDL.D,RESTART 
:EOJ 

Note: 1. The USE command includes the contents of the file DUMPDATE 
in the output job. 

2. The OPTION D command places the machine date in internal 
parameters 'DAY(2)','HONTH(2)' and 'YEAR(2)'. 

74-13 



Making Utilities Non-utilitarian - Louis Dreyfus 

USAGE PROFILE 

The chart below gives a breakdown of our current usage of the 
interface within a cross-section of our live systems: 

Number 
of 

Jobs 

150_ 

I 
I 

100 I --. I 
I 
I 
I 
I 

I 
50 __ : 

I 
I 

,------, 
I I 

t ' I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I l 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I : 

Application 
Reports 

Application 
Procedures 

Internal 
Procedures 

Jobs within the Application Reports category mainly employ RPG or 
ASK. 

Application Procedures include Daily, Monthly and Yearly closings, 
archiving of data for production of microfiche and loading/unloading 
operations to interface with external systems on remote sites. 

Internal Procedures include a high proportion of infrequently run 
jobs such as recovery procedures. We have encouraged the use of 
parameterised jobs in preference to executing tasks online since 
these can be preserved for future use and thus help avoid 
"re-inventions of the wheel". 
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COMPARISON WITll OTllER METHODS TRIED 

Quantifying the benefits of using utilities with an interface 
against other technical approaches is almost impossible. 
Nevertheless, having witnessed computer manufacturer's statistics 
regarding machine capability over the years, I feel less inhibited 
about presenting my own subjective findings. 

The problem of directly comparing methods is that unless the same 
task is done twice no satisfactory benchmark can be made. However, 
recently we did have occasion to replace a report request program 
module written in COBOL with a FIJI command file as a result of a 
major re-design task on one of our databases. The original program 
controlling user selections was approximately 1000 lines of code 
having taken about a week to develop. In this particular case, 
starting afresh with the interface job was quicker than amending the 
existing code. The replacement command file contained about 100 
lines and took three hours to write and test. 

Another approach we have used in the past provides an interesting 
contrast in design philosophy. This was the use of a common 
'selection criteria' for reporting. It attempted to provide users 
with a single comprehensive set of selections (using several 
forms-fill screens) that could be applied to any report within the 
application system. But, as is so often the case, user wants do not 
always reflect needs. In practice, relatively few selections are 
found to be appropriate to any particular report. Coupled with this, 
new needs often require selections not included in the original 
design. 

In preference to changing already complex code, new report 
selections have been added using FIJI. This underlines its ablitiy 
to keep pace with changing needs as they arise - an important user 
requirement not easily met using a fixed selection method. 
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SUMMARY 

The advantages we have gained from using a user interface can be 
summarised as follows: 

1. Provides a sufficient degree of user-friendliness to enable 
utilisation of system tools that might otherwise prove 
unacceptable to the commercial applications user. 

2. Keeps utilities firmly in the hands of the trained analyst who 
is best able to apply them effectively in solving user 
requirements. 

3. Encourages 
thereby: 

a modular approach to technical solutions and 

(a) reduces their complexity 
(b) enables changes to be made quickly and easily 
(c) promotes portability 

4. Maintains a consistent "front end" and assists in upholding 
software standards. 

Taken together, these benefits mean fast and cost-effective 
solutions without sacrificing the quality of applications software. 

CHOOSING YOUR OWN INTERFACE 

Unlike rapid development aids for online software, utilities 
suitable for offline processing are comparatively cheap. Likewise, a 
number of job interfaces offering parameterised interactive entry 
are available for purchase at moderate expense. One that should be 
familiar to you is JES offered free in the Contributed Library. 

The decision of which to choose will be based on assessing the 
quality of the user interface required. JES, in common with the 
majority of job initiators, is mainly a job scheduler and has a 
limited user interface capability. We have chosen to use separate 
programs to perform the tasks of interfacing and scheduling. This 
has enabled us to fully develop these functions independently. 
Hopefully, in presenting the particular way in which we have 
employed our interface we can offer constructive guidance to other 
commercial users. 
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SOLVE YOUR PROBLEMS WITH IMAGINATION 

Abstract. 

by 
Erik Wendelboe 

Hewlett-Packard A/S 
Denmark 

When running a large HP-3000 installation, you 
sometimes run into odd problems, for which there are no 
pre-made solutions, or at least none that you are aware 
of. When you run into one of these problems, you can 
just solve it, OR you can try to use your imagination, 
and solve the problem in a more general way. If you try 
this, you might end up with a new utility, which can be 
changed and enhanced, with your changing needs. The 
paper will discuss how and when to make a utility from 
a specific problem, and present some of the utilities 
we have made. 

Which problems ? 

When developing software systems you focus on your 
customers needs, I hope, setting standards and making 
strategies on how to solve all his problems in the best 
and most reliable way. Thus focussing on all the 
forseeable problems, you allocates reasonable time to 
solve each problan, but you will always have severe 
difficulties in allocating time for the non-forseeable 
problems, because how much time do you allocate to 
problems you don't know about ? 

Even if you, from your earlier experiencies, try to 
allocate e.g. 30 % extra time for these problems, you 
will have a hard time getting extra time approved, in 
advance, to solve problems that only MIGHT occur. Even 
if you did get the 30 %, it would not solve the 
problem, because the worst problems always occurs late 
at night, when your first big demonstration is due to 
take place the following morning at eight. In this 
situation you just grabs bits and pieces from existing 
programs, to build a program, to solve the problem in 
the f~stest possible way. You know, at the time you are 
making the program, that it is completely non-standard, 
but it doesn't matter, because, 'It shall only run this 
once'. When the problem continues to exist, you 
continues to run this program, because it does solve 
the problan. By doing this, you have sneaked a monster 
in your own backdoor, and as times goes, it gets worse, 
because nobody knows exactly what the program does, as 
it is undocumented, and nobody wants to touch it, or 
even change the environment in which it is executed, 
fearing that any slight change, will alter the 
execution dramatically. 
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The problems, I am referring to, is all those small 
problems that occurs, when developing computer systems. 
It can be erroneously updated data, you want to 
correct, without entering the lot again, it can be 
problems with performance on the computer, forcing you 
to make changes in the structure of your system, 
without too many changes in the programs, or it can be 
si.mple misunderstandings, at any level, detected too 
late 1n the develo(lllent process. 

These mentioned problems are, as far as I can see, in 
general, solved too narrowminded. This leaves those 
programs worthless, if the problem changes just a tiny 
bit, forcing you to make another program, and another 
one, and ••• , leaving you with an enormous maintenance 
burdon. 

The solution ls to make a utility, every time you come 
across a problem, where you can imagine similar 
problems, to occur in the future. This can be very 
difficult to determine, because the time when you can 
be certain, is the the time when the problem reoccurs. 
Realizing this, there ls only one way to force you to 
make the right decision, every time. It is to make it 
EASIER to make a nice clean utility, than to make a big 
dirty one-time-program. We have made a 
'skeleton-program', the MAINLINE, which does make it 
easier, and turthermore gives you some nice extra 
features for free. 

The 'problem-driven' utilities are, fortunately, only 
part of the utility develo(lllent. Another, and more 
creative, part, is the 'it would be nice to be able 
to .•••• • part. To develop utilities this way takes at 
least two people, and two people who knows each other 
well, because it takes a long time, via discussions, to 
decide what it is, that you are about to make. However, 
the time invested in discussions like this,. is always 
invested wisely, even if you do not make the utility 
after all, because they forces you to look upon your 
daily work, with new eyes. 

When developing utilities this way, you must always 
remembe~ to emphasize the benefits of your new utility, 
as most people do not value the beauty of a program, 
just the output from it. 

The MAINLINE. 

I don't know how old the original mainline is, or who 
wrote it, but the version I have is based on a program 
by D.David Brown of EASY software, where on both David 
and I have added a piece here and there. 

It ls a SPl.-program, but the tecnique itself is not 
bound to SPL in any way, except that you can make 
things on the 3000 in SPL, which you can not make in 
other languages. Apart from this, the concept of the 
MAINLINE is perfectly valid in any other language. The 
program consists of these modules 
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'lbe HAINLINE 
Is the outer loop of the program. It will call the 
initializer, and then continue to call the command 
procedures, until 'E','END' or 'EXIT' is hit. As a 
special feature, the program wUl activate it's father 
process, (if not the C.I.process) instead of 
tenninating, thus enabling the father process to 
reactivate the program again, without having to load 
it. 
The Initializer 
Will print a banner, initialize variables, and validate 
the user, and the execution mode. 
The Conmand-reader 
Will issue a pranpt, read a command, including 
parameters, and it will echo the entered canmand, if it 
is executed in batch mode. 
TI1e Co!lllland-parser 
Will determine a code fran the entered canmand, strip 
off the canmand, call the intrinsic HYCCl-tiAND and pass 
the infonuation to the ccxnmand-exeoutor. 
The Conmand-executor 
Detects, fran the canmand code fran the parser, which 
user-routine to call. The procedure will call a 
standard error procedure, if a non existing or non 
implemented canmand is requested. 
1he User-routines 
1his is the active procedures of the program, the part 
of the program, which would be the whole program, had 
you written it as a stand alone program. 
The 'Features' 
In order to make life easier, we have added a couple of 
standard features to the program. The 'colon 
HPE-comnand 1 where you can enter HPE-coOlllands, the 
'colon RI.ti', where you can run other programs without 
leaving the program, (and it will keep up to 8 programs 
'warm' and reactivate them on the next run, to save the 
load) the error-handling routine, which will display 
error-messages, both FSERR's and your own 
error-messages, the Help routine, where you only have 
to type in what you want to put on the screen, and 
several other, less slgnificant ones. 

All you have to do to use the HAINLINE is 
- Copy the source 
- Change the banner and the initialization 
- Change the Executer to call your routine 
- Make the routine 
- Change the Help routine 
- Add an error-message or two 

And you have got a brand new utility. 

Examples 

GET STORE 
Will take any IHAGE dataset, on a regular storetape, 
and make a copy, consisting of all active entries, onto 
a nonnal MPE-file. The program will take care of 
deblocking etc. so you end up with the same file, had 
you made a copy fran DBGET mode 2. 
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GETSTORE was made for D<lfl1 when they wanted SOlll6 

infonnat.ions fran a dataset within a large database, on 
a storetape 6 months old, without having to store the 
current database etc. As it turned out, they never 
needed the information, but the program has been used 
several times, in many different situations. 

ULTROOPlf 
Will copy a file, or a subset of files, (referenced 
like LISTI'', with wildcards @£ etc.) and it will do it 
at maxiBunu speed. (It will copy 50000 sectors in 1 min. 
using 4 CPU-Sec.) I made this program for EASY 
software, to utilize some of the fast I/0-routines 
David Brown had developed for other purposes. 

PORT SCAN 
Is rather a small utility-system than a program, with 
several different tasks: 

- It control the logon's 
- It monitors the Cl'U-usage 
- It streams arxl Dmitors jobs 

The systE111 consists of two programs. PORTSCAN is the 
executing progrlllll, and it is running, in batchnode, 
whenever the systan is, and PORTUTIL which is the 
controlling program, run in both bat.oh and interactive 
mode. The PORTSCAN-utility was made for DCJtI, to 
control the logon•s fran some ranote LDV•s, without the 
hazzle of maintaining passwords, The other functions of 
PORTSCAN was added, at a later time, when similar 
problems occured. By controlling the logon1a and the 
CPU-usage this way, rather than the ordinary way, we 
have a S11100ther operation, and yet a much better 
control, The standard user, obeying the rules, has 
easier access to the system, the 'bad' user, who sees 
an 'interesting' logon, can not try the logon on his 
own terminal, the •terrible' user, who always accesses 
databases in sequential mode fran his terminal, is 
stopped after 5 min., and we have a canplete record of 
all logon•s to the systElll, we have a record of the 
CPU-usage on the canputer, and we need not to fear that 
the 'smart' user has grabbed a passwrd here and there. 

n1e logon check. 
PORTSCAN scans the JHAT (Job HAster Table) every 5 
seconds (can be changed via PORTUTIL) and logs every 
logon on a disc file, opened shared, which makes it 
possible to list the file containing all logon's and 
all PORTSCAN-violations since systElll startup, at all 
times. The program checks the logon against a table, 
containing all legal logon's. It is possible to 
restrict the logon's with LDV, User, Group, Account, 
Job-id' or any combination. If someone violates the 
rules it is logged on the mentioned discfile and on the 
console, it is possible to get a printout on LP, a 
message to the violator, and to get the violater 
aborted. (Configurable through l'ORTUTIL) 
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1be CPU-usage check. 
PORTSCAN scans the PCB-table (Process Control Block) 
every 5 min. (can be changed with PORTUTIL)and adds the 
CPU-usage for every job and session. All jobs or 
sessions using more then 30 CPU-sec. (changeable) is 
treated the same way as with the illegal logon•s. 

1be job-streaming. 
Whereas the two above mentioned tunctions are 
'stand-alone' features, the streaming tunction is 
integrated to the rest of the systems on the computer. 
The streaming is activated from PORTIITIL. What PORTSCAN 
does is to stream all job-files referenced in a 
streami.ng file. (The filename is input to PORTIITIL) The 
streaming can be divided into 8 seperate jol>-queues, 
where one job from each queue is run simultaniously. 
PORTSCAN is monitoring the jobs via the JMAT, so the 
next job, in the same queue, will be streamed, as soon 
as the previous job tenninates, regardless how the job 
tennlnated. The names on the jobfile, are placed in the 
streaming-file, (merged with standard periodical jobs) 
by a function in the nonnal user data entry program, 
thus integrating PORTSCAN to the user systems. 

References : 

"Systems Development, projects Life - The practical Experience" 
Paper by Carl Christian Lassen at the IUG Edinburgh Conference 1983 

''The Way To The Right Solution" 
Article by Carl Christian Lassen, Supergroup Newsletter July 1982 

"Centralized Database Access" 
Paper by Erik Wendelboe at the IUG Copenhagen Conference 1982 

"How to get a High Performance Order-file" 
Paper by Hanne Hansen at the IUG Edinburgh Conference 1983 

,.Experiences With The SL Tecniques, Easing The Development 
And Maintenance Burden,. 
Paper by Hanne Hansen at the IUG Copenhagen Conference 1983 

75-5 





How to Avoid Saying ":Hello" 

Running Online Applications on the HP3000 without access to 

MPE. 

John Parkinson 

SIFO Systems Ltd. 

76·1 



HOW TO AVOID SAYING •:HELLO" 

A great deal of debate has taken place over the last few years 
around the need to provide better security and control of use 
of online computer systems, Most authors have concentrated on 
the problems of misuse, theft or tampering with data and on the 
possibilities of misuse of system functions. The literature on 
this is now extensive, both in general terms, and for specific 
application areas. A great deal of ingenuity has gone in to the 
readily identifiable problem areas (such as the storage and 
transmission of data) and solutions ranging from the elegant to 
the complex and expensive have been proposed. In some areas, 
such as banking and finance, where the investment in 
computerisation is huge, many of these solutions are already 
being applied singlely or in combination. In other areas the 
potential problems are only just being identified and many 
systems do not yet contain adequate or indeed any security 
features, It would often appear that it is only applications 
that involve very large systems or very large volumes of data 
that can justify the overheads of encryption, special hardware 
and the associated techniques that are generally proposed to 
enhance security and maintain integrity in use. 

Many users are now familiar with applications that run on much 
smaller systems, and with the increasing trend to smaller and 
more cost effective hardware, applications will continue to be 
developed for a much wider range of users. Combined with the 
extension of telecomunications services, which offers the 
potential to increase the complexity of data access paths and 
to extend the range of facilities available, all aspects of the 
security and control of access problem are becoming 
increasingly important. There is a continuing neeed for 
cheaper and more effective security provisions and aplications 
systems design has more and more to take these factors into 
account. 

Nevertheless, one class of user and one set of capabilities 
remains generally outside the security debate, although they 
combine to present as great if not a greater threat to security 
than the storage and transmission risks that are usually 
addressed in the literature. These are: 

The user of online processing applications and the 
computer's operating system. 

Clearly the most powerful tool available for potential misuse 
of a computer system is the software that runs the system. 
Online applications inevitably make use of the operating system 
and its utility functions for a myriad of processing tasks, 
although once within an application the user will not normally 
be able to get at operating system functions. The area of risk 
is thus the duration of the "Logon• process (although Control-Y 
and "Break" are also problem 'features'), This is usually 
controlled by some form of password/identity restriction which 
is adequate for a primary level of security, but is subject to 
many problems tn use. The more friendly the operating system 
the worse the problem, since it is often possible to persuade 
the computer to tell a user how to beat its own security, in 
the guise of being helpful! · 
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'fhe use oE combinations of passwords (at user, account, group, 
file or database level) is often resisted by users, who do not 
generally want to remember more than one code (and often cannot 
do so) and who will ignore such security or circumvent it by 
writing down the passwords, usually on a card taped to their 
terminal I 

Indeed, I have seen an installation which had an excellently 
planned password system and even went to the extent of changing 
critical passwords at regular intervals. Unfortunately, the 
System Manager who could not remember passwords would write the 
new master codes on a large wall board in the computer room so 
that his staff would not forget them! This is hardly ideal 
sec111: i ty. 

Once a user is logged on, access to oper~ting system facilities 
is much more generally available. Restriction of capability 
can help to limit access to some features and tools, but some 
users will almost certainly have to have potentially hazardous 
capabilities (e.g. access to privileged mode DEBUG or DISKED 2l 
and many applications need to be able to use system features to 
which users should not have unrestricted access. Maintaining a 
complex pattern of user capabilities, file access types, 
passwords or lockwords is generally difficult, and even when 
set up initially, often falls into disuse as users become less 
willing to maintain the effort demanded by such a system. Even 
the use of a more sophisticated or personalised security 
feature (MPEX from VESOFT is a good example) will not 
necessarily solve this problem. 

Even well thoughtout and rigidly adhered to password systems 
can break down under the attack of a determined intruder and 
the problem is that, once the system has been penetrated, much 
or all of the operating system capability becomes available for 
misuse. Short of totally emasculating the operating system on 
machines running live applications, which is often infeasible 
for operational reasons, it is difficult to prevent determined 
or even casual misuse of the system. Indeed the greatest threat 
often comes from the "browser" who regards it as a challenge to 
break through the computers security system, or who just wants 
"to see what the machine will do"I Curiosity is often the 
biggest source of misuse. 
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Sifo Systems has been providing and developing sophisticated 
online health care management systems for a number of years and 
originally chose to offer HPJOOO hardware because of the high 
quality of the application development tools, the reliability 
of tbe equipment and the facilities of the operating sustem. It 
soon became apparant however the the very facilities that were 
of benefit in the deV'E!lopment shop could well be a liability in 
the live user environment. Health care users are especiaslly 
sensitive to the threat of unauthorised access to data and 
system facilities and it was necessary for us to demonstrate 
that we could guard against both inadvertant and deliberate 
attempts to misuse our applications. In the end, despite 
providing all the usual password security facilities on users, 
accounts, and files and audit capability on all usage we 
decided that the only totally secure approach would be to 
completely insulate the operating system from user access, so 
that at the most, a potential misuse of the system would be 
limited to the functional capabilities of the application 
modules being provided. These we could control,via passwords, 
much more tightly than could be achieved for the operating 
system and at much lower cost. We therefore determined to 
develop a software system that allowed users to run online 
applications without being in contact with MPE at any stage 
from switching on the terminal to finally switching it off (and 
allowing for the user who never switches off as well!). 
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Design ConceQ!:_ 

'l'he requirements of the new approach were easy to set out. They 
were: 

- The software must detect the presence of a newly powered 
on terminal without the user pressing a key on the 
keyboard i.e. no•:• could appear. This is primary 
"insulation" that prevents the user gaining access to 
MPE. 

- It should be possible to control and monitor activity on 
all terminals on the system from one point in an 
interactive fashion. 

- A 109 of all terminal activity should be kept. 

- It must be possible to support spooled terminal printers 
on the system and to control which terminals could use 
which printers. 

- The standard password facilities of MPE should be 
retained and where appropriate extended. 

In the interests of flexibility it was also decided to add the 
following design criteria to the above: 

- Configuration of applications under the system should be 
entirely file driven using standard MPE facilities.This 
allowed "soft" configuration of the system by user 
management. 

- Individual users access to system facilities should 
likewise be file driven and not hard coded. 

- The system should allow maximal use of the HP3000 
resources so as to allow large online systems to run 
under it. ( We were aiming to run up to 100+ point to 
point terminals on a single processor system.) 

- It should be possible to disable the "Break" function 
and the Control-Y !Subsystem break) capability of all 
application terminals so that users could not jump out 
of an application, even if they wished to. This 
feature provides the secondary level of insulation and 
prevents active terminals reverting to session mode by 
breaking out of the currently active program. 
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rt was clear from the outset that the software would need to be 
written in SPL, and that we would need to develop a greater 
degree of MPE expertise than had hitherto been needed. This 
process took longer than anticipated, due to the relative lack 
of accessible training and documentation available from HP in 
the UK. Once the basic knowledge had been gained, however, 
development of the prototype software was rapid and the initial 
system was available inside 3 months. This consisted of the 
following. 

- A master control program (CCS) written in SPL and 
providing full system set up, monitoring anmd management 
functions. 

- An Access control system (ACCESS) written in COBOL which 
is created as a son process by the ccs for each terminal 
on the system. This program acts as a framework for all 
other applications software. 

- A terminal spooling system (NSPOOL) that allows VDU's to 
direct printed output to one or more printers, without 
recourse to the MPE spooling facilities. 

Only one copy of the CCS needs to be loaded to run any number 
of terminals and applications. The basic information 
identifying terminals, printers, spoolers and their 
relationships is held in a text file, built via EDITOR or TOP 
and may be encoded if desired. As each terminal r~ferenced in 
this file is switched on it is captured by ccs (in less time 
than the screen takes to warm up) and the BREAK key is 
deliberately disabled. The terminal is now isolated from direct 
contact with MPE until the CCS is terminated or until it is 
released from CCS using the interactive configuration 
management functions. 

Each terminal that is connected to the system has an ACCESS 
process created for it as soon as it is switched on. CCS passes 
all the necessary device and file information to ACCESS via an 
extra data segment (XDS) • This method was chosen in preference 
to HP's own interprocess communication intrinsics for 
efficiency reasons and has worked very well. This XDS is also 
used to pass status and error messages back to the CCS process, 
for display on the Master Control Terminal. Control of XDS 
access is implemented via resource identification number (RIN) 
locks. (This requires MR capability and some clear thinking to 
avoid RIN lock conflicts which can hang the system!). 

ACCESS handles the password security routines for a user and 
relates each userid/terminal combination to a matrix of access 
paths to available applications and intra-applications 
functions, held in an IMAGE database. This database is 
maintained via online transactions within the ACCESS module, 
which are password protected or by QUERY. 

ACCESS also maintains a log of all terminal activity and 
produces an analysis of system usage on a dally and weekly 
basis. All attempts to use the system, including failures to 
complete the correct startup sequence, are recorded. 
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~CCE~S also constructs an application selection menu according 
o t e users•s password and associated access permissions so 

that only applications that the user may access are displ~yed. 

Each terminal may also be associated with one or more spooler 
CNSPOOL) processes that allows applications output to be 
directed to one or more online terminal printers. The system 
does not use the HPB spooling system, but again makes use of an 
XDS to transfer print data to and from processes. In this way a 
large number of spooled printers (currently up to 32) can be 
supported. User applications may share spoolers, according to 
the volume of onllne prlnting being carried out. 

Control logic ls provided by CCS and NSPOOL to allow fora 

- Printer unavailability where output has to be held or 
diverted to another printer 

- XDS overflow in very high output traff l~ situations 

- Load balancing between printers. 

Using this system, applications can either1 

- Send all their output to one printer or to a group of 
printers 

- Send particular outputs to a specified printer or group of 
printers (to cater for special stationery needs). 

- Share a printer with other applications 
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Benefits of the System 

As well as the immediate benefit of achfeving our aim of 
preventing user access to MPR and its various subsystems, a 
number of other operational benefits have become apparant as 
actual user experience of the system has increased. These are 
as follows1 

- The number of processes and therefore process 
identification numbers needed to run a large online 
system (60+) users can be greatly reduced. Typically a 
system ls configured as follows 1-

- MPE processes c. 
- ccs 
- LSPOOL processes 
- ACCESS/users 

20 PIN's 
1 PIN 
5 PIN's 
1 PIN per terminal. 

This is achievable since applications are called as 
subprograms by ACCESS and do not require a separate PIN. 

It is therefore possible to run up to c.100 online 
terminals under this system (rather than the 60 or so 
allowed by MPE in session mode) without using 
MULTIPOINT. 

- It is possible to support many more online spooled 
printers than HP supports using its own terminal 
spooler. 

- It ls possible to monitor and manage a terminal 
configuration online, interactively, independent of the 
MPB session system. Features provided to do this 
include a set of comands such ass 

- UP to add a terminal, printer, spooler or 
communications line to the system. 

- DOWN to remove an entity from the system. 
- ASSOCIA'fB to establish a relationship between 

entities on the system. 
- LIST to show associations. 
- SHON to list current activity. 
- TERMINATE to stop CCS. 
- HELP to review available commands. 

The commands are input via a dedicated terminal (Master Control 
Terminal, MCT) which cannot be the console. We normally use a 
2635 or similar for this, so as to maintain a hard copy log of 
CCS usage, Access to the CCS functions uses a Control-Y 
interrupt from this MC'r which automatically times out after 20 
seconds if no action is taken. 
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There are, of course, performance factors that have to be taken 
into account when using the CCS/ACCESS concept. The system 
works best when a large number of online users (60-100) are 
using a small number of applications (less than c. 20 max, 
typically B-12) when CST usage and code segment swapping can be 
minimised. Even then, the XDS usage data segment requirements 
and overall virtual memory means that system tuning is 
essential for adequate performance on small memory 
configurations. (We use LOOK/3000 extensively to monitor 
application activity and IOSTAT to balance disc usage). Our 
best performance to date is c. 30 users on a l.5mb 3000/44 
processing c. 12000 transactions per hour and supporting 12 
spooled terminal printers. Larger systems have been configured 
but require more memory or multiple processors. We are 
presently evaluating final configuration details for a system 
based on a dual 4MB 3000/64 supporting c. 300 VDUS and 100 
printers. At this size of configuration, we are constrained by 
maximum allowable system table values (CST, PIN, ORT etc) from 
adding more terminals and by disc access bandwidth from 
processing more transactions. CCS/ACCESS will however remain 
stable up to configurations of this size provided adequate care 
is taken when setting system parameters. 

It is also virtually impossible to run batch work or to do 
development on a nearly loaded system when CCS/ACCESS is in 
use, but this is just as true when using conventional MPE 
sessions! 
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Applications programs are implemented as callable subprograms 
from the Access process. 
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The system as described above was tested thoroughly at a user 
site over a 6 month period and has now been installed and 
running at a number of sites for around two years. During this 
period, a number of further features have been added. These 
allow: 

- the control of OS links to other BP3000 systems, allowing CCS 
to run transparently over a multiprocesssor network. We have 
currently implemented this feature in a 3 processor systemi 

- the control and use of communications links to other non-HP 
computer systems. We have implemented links to Honeywell, 
DEC, CDC and IBM systems; 

- the control and use of non-standard peripheral devices, in 
this case an online plastic card embosser is supported on the 
system. Other devices could similarly be attached. 

These developments have continued to prove the basic robustness 
and flexibility of the approach, since applications modules do 
not need to be concerned with the physical or logical 
configuration of terminals, printers or other peripherals. 

For applications designers who do wish to use the capabilities 
of the CCS/ACCESS system directly (e.g. XDS message passing), a 
set of special intrinsics is provided as an RL or SL. 
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Current Extensions to Facilities 

With the increasing availability of a range of HP and third 
party supplied software packages, an obvious extension of the 
CCS/3000 facilities is to allow users to access such software 
from within the CCS environment. Our work in this direction 
was prompted by the requirements of one customer site to run 
TOP, HPWORD and HPMAIL as well as our applications software on 
their system. There are some technical problems involved in 
achieving this mode of operation, since the HP software all 
assumes session mode working (and hence assumes the existance 
of file system entities like $STDIN, $STDLIST and so on} and 
utilise special control sequences (such as CONTROL-Y) to 
implement some features. Information on technical details is 
often hard to get or expensive (or both) although products 
designed at Pinewood are less of a problem, once the right 
contacts are established! To date we have managed to 
implemented the majority of the required features to allow 
access to TDP and HPWORD, although the system is less robust in 
use than we would like, and some problems do remain. We expect 
to have these sorted out by the end of 1983, and to be able to 
fully support microsystem based workstations (HP 120/125, 
series 20 and DIRECT 1025) by this date also. The release of 
the new Series machines (3000/42 and 3000/48 in particular) 
plus the capabilities of MPE-V have removed many of the 
previous resource constraints on the system and we are now able 
to offer our customers even larger systems capacity and 
performance via CCS/3000. 

76-12 



ASSYSTila 
Software & Compul~r Services 

RELATE/3000 RELA'l'IONAL DBMS FOR THE HP3000 

INTRODUCTION 

All computer users store data. Any file represents a database to 
its owner. Experienced users of the llP3000 will be familiar with 
the different types of file storage available - MPE, KSAM, IMAGE. 
What follows is an introduction to another type of file structure, 
and more particularly the Database Management System available to 
HP3000 users called RELATE/3000. 

'J'he Relational Database system will revolutionise data organisation 
and accessibility. 

As a starting point let us look at the traditional storage methods, 
or "data models". 

Table File - also called "Flat" file consisting of records made up 
of one or more fields of data. The link between fields is fixed by 
their location in the record. 

More advanced data storage methods attempt to minimise the duplication 
of data and to make more complex linkages between data fields possible. 
'fhe possible linkages may be -

one : one 

e.g. Item code linked to description in an Inventory file, the Table 
file 

many : one 

e.g. Personnel .in a Department., actually the commonest commercial file 
type 

many : many· 

e.g. University Students linking to the Courses they all take. 
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HIERARCHICAL DATA MODEL 

Introduced in the early 1960' s, this represents data as a hierarchy. 
It is easy to understand data structures like thi.s. Examples are 
company organisation charts., or Bill of Material explosions. It 
introduces the concept of storing not only data, but also the need 
to maintain the linkages between data in some form of file. The 
disadvantage of most Data Base Management Systems built on this 
type of data model is that once built, the file structure is 
difficult to rearrange or modify. 

NETWORK.DATA MODEL 

This dates from the early 1970's and was a modification of the 
Hierarchical model. It was more storage efficient than earlie1· 
models - and more difficult to understand. Often, although data 
that is needed is present in a data base, there is no linkage for 
it and the user cannot therefore obtain it without restructuring 
and redesigning the network. Even in the best DBMS based on this 
model, some knowledge is required for the user to be able to 
navigate his way around the data, 

RELATIONAL DATA BASE 

Relational data models represent data in two-dimensional tables that 
are easily understood by non-technical users. Each table file is 
self-contained or can be dynamically linked with .other files as 
required. 

Quote from Dr. E.F. Codd, IBM Research Fellow: 

"A true relational system .requires all information to be 
represented at the logical level as values in TABLES. 
There must be NO USER-VISIBLE NAVIGATION LINKS between 
tables and the system must support .... at least the SELECT, 
PROJECT and JOIN operators of , .. relational algebra" 

What is meant by these terms can be illustrated by looking at a small 
relational database which tracks shipments of parts. The data is 
stowed away on the machine in two "flat" files. 

SUPPLY 

SHIPMNT 

containing the Shipment no., Supplier Name, Shipment 
Status Code, and the Supplier's City. 

made up of the Shipment no., Part nos. and Quantities 
of parts. 
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Here is the SUPPLY file made up of rows and columns. 

)OPEN .fILE SUPPLY 
>PRINT 

£LINE SN SN AME 

1 Sl SMITH 
2 S2 JONES 
3 S3 BLAKE 

STA CITY 

20 LONDON 
10 PARIS 
30 PARIS 

ASSYSTiil 
Sollware & Compute1 Services 

to "SELECT" from this file means to extract a row, or record 

)SELECT @ WHERE SN = "S3" 
>PRINT 

SN SNAME STA CITY 

S.3 BLAKE 30 PARIS 

To "PRO,TECT" means to extract a column, or field 

)SELECT SN 
)PRINT 

SN 

81 
S2 
S3 

Another term which Dr. Codd mentions in his definition is JOIN. 
This begins to illustrate the power and the possibilities of a 
Helational database. Physical files can be linked together to create 
virtual files. To the user they can appear to exist and can be 
accessed, interrogated, - even updated, but in fact the data resides 
in different places and 1s not linked until the JOIN operation is 
set up. 

)OPEN F'ILE SHIPMN'l' 
)PRINT 

£LINE SN PN QTY 

1 Sl Pl 300 
2 Sl P2 200 
3 Sl P3 400 
4 S2 Pl 300 
5 S3 P2 200 

>SELECT SllIPMNT.@, SUPPLY.@ WHERE SlllPMNT.SN=SUPPLY.SN 
)PRINT 
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SN PN QTY SN AME STA CITY 

Sl Pl 300 SMITH 20 LONDON 
Sl P2 200 SMITH 20 LONDON 
Sl P3 400 SMI'l'II 20 LONDON 
S2 Pl 300 JONES 10 PARIS 
S3 P2 200 BLAKE 30 PARIS 

Early Relational Database systems were developed by research 
mathematicians. They got the reputation for being inefficient and 
slow, but this is no longer deserved. The RELA'fE/3000 DBMS which 
we shall look at now is by no means the product of theoreticians. 
A year ago the "Small Systems World" magazine examined RELATE and 
compared it with Relational DBM systems on machines other than the 
HP3000, notably. DEC PDP-11 and IBM Series/1. Unfortunately there 
was no comparison made of performance, but the system compared very 
favourably with others in the marketplace. 

Because of the use of B-tree indexes in RELATE, file access times 
are the same whether files are a thousand or a million records long. 
The attraction for new users is the friendly interactive Command 
Language, and if access proves slow.then it is because the system 
is being asked to make linkages which would be difficult or even 
impossible in other DBMS. What makes the RELATE system particularly 
interesting is that it can use ordinary MPE files, KSAM files and 
IMAGE database files not only as input, but can also update, add 
to and delete from these files as well as its own RELATE/3000 files. 

CO/VPAR.!SON o,c RELAT.!ONAL OBN SYSTEMS 

RELATE/3000 PRODUCT AOABAS-M PROMPT INGRES ORACLE 

518.500 PRICE $40.000 $6,000 530.000 $24/96K 

52. 775 ANNUAL MAINT. $4.000 $600 $3,000 I/10th 

HP3000 M.'.CHINE POP-ti.VAX Sarlee/l POP-11,VAX IBM 

YES ItlPUT NORMAL DATA YES YES YES YES 

Interactive DATA DEFINITION hybrid !'active l'active 

USER FRIENDLY 6 10 

8 RESTRUCTURE/REFORMAT 6 4 8 8 

2 DATA DICTIONARY 3 10 10 

indexes-yes SELF-REORGANISING yes no no ye• 
data-no 

CRASH-PROOF yos yes yea 
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ASSYSTiiil 
Sollware & Con1puler StHvices 

genera 1 f ormata 

<RANGE> VERB <PARAMETERS> <CONDITION> 

e. 9· 

10/100 CONSOLIDATE QTY BY PN TO ORDERS 

PR I NT PN. PNAME. COLOl.IR FOR WT"' 16 

Rt-LA TE/31?!1?!8 CO/v/MANDS 
DATA DEF !NIT ION - CREATE DATA MANIPULATION - COPY 

PURGE CONS.PL I DA lE 
CHANG.E 

DATA ACCESS OPEN FIX 
CLOSE LET 
SELECT MODIFY 
SET UPDATE 

DATA ENTRY ADO REPORTING COMPARE 
LABEL 

USER ASSISTANCE - COMPILE PRINT 
DELETE QUIZ 
ERASE SUM 
EXECUTE 
HELP SECURITY ALLOW 
IGNORE DENY 
NOTE DISABLE 
PAUSE DISALLOW 
RECOVER ENABLE 
REDO LOCK 
REORGANISE PERMIT 
SHOW UNLOCK 
SORT 
SYSTEM TRANSACT I ON CONTROL - BEGIN 
TERMINAL ABORT 
s mpo COMMIT 
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REL/I TE/31J1JfJ 
gives the user 

* COBOL 
* FORTRAN 

HOST LANGUAGE INTERFACING * to * PASCAL 
* SPL 

I ntr ins i cs: 

OPEN and CLOSE FILES 

RECORD-AT-A-TIME OPERATIONS 

READ-BY-INDEX 

RETURN CURRENT STATUS 

* BASIC 

RDBINIT 
RBCLOSE 

ROB ADD 
RDBUPDATE 
RDBDELETE 
RDBREAD 

RDBPOINT 

ROB INFO 
ROB ERROR 

MATCH SYMBOLIC/VARIABLE FIELDS RDBBIND 

PASS RELATE COMMANDS RELATE 
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l\SSYSTil 
Sonware & Co111puler Servlca1 

DEMONSTRATION 

'l'o finish with here are a couple of exam11les of RELATE/3000. The 
first is simple inventory control application which will 
demonstrate the way in which data is entered and manipulated. 
The second is from· a legal billing system and will demonstrate 
the flexibility of reporting which is possible. 

SUMMARY 

Relational database technology is available now. To summarise, 
RELATE/3000 gives: 

1. User-access to data with easy-to-learn command language. 
Training costs are significantly reduced. 

2. Programmer-productivity through the power of system, and 
because users can do more for themselves. 

3. Improved flexibility over other database techniques now 
available. 

4. Reduced system development times·because existing data can be 
readily converted or accessed without major reconstruction. 
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DATA BASES ON MICRO-COMPUTERS.A REALITY. 

Michel KOHON 

DataSoft International 

2, York Hoad 

MAIDl!:NllEAD, Berks. 

ENG LAND 

The topic of this presentation is two-fold : 

llow did we design a Data Base Management System for Micros, 

llow will you design Data Bases on Micros. 

I. CHEA'l'ION. 

Micro-computers really came to the professional market about 2 
years ago with Hewlett-Packard,Xerox and IBM decision to produce 
their own micros and to use the very popular CP/M Operating 
System. 

The already visible success of Apple Corp was mainly due to a 
spread sheet called VISICALC.This piece of Software was so user­
friendly that hardly any training was necessary.Both llP and IBM 
decided to buy the product and to offer it with their own micro. 

The mere fact that major manufacturers entered the micro-computer 
market created a very new situation.In a certain way it 
'established' micros.Large corporation managers started using 
them or obliged their staff to do so. 

At the same time, most DP managers did not see the real benefit 
of micros since there were no tools for them such as languages or 
Files Management Systems. 

The only language provided was BASIC and many users started to 
learn it.I did it as well and must admit that it was fun before 
reachin<J the point where I had to modify my programs.Even 
structured BASIC is not easy to maintain, and I could not 
envisage my programmers wasting their costly time struggling with 
such an Amateur language.I decided instead to put into practice 
PASCAL. 

PASCAL has several convenient features (or commercial 
applications. 
The first is its portability since that all existin•J P/ISCALr; are 
based on the same Set of standards.You can make a program on a 
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MICRO and transport it on the ttP/3000 with a good probability 
that it will work. 

The second is its simplicity which makes it easy to learn from 
practical examples.Unfortunatly PASCAL is often presented as a 
theoretical, mathematical language due to its origins. 

I compared several compilers running under CP/M and decided to go 
for a very strict one offering the same features than both 
llP/ll'llHJ and llP/3000 compilers.I made parallel tests both on the 
llP/3000 and on the micro to assess the level of compatibility. 

Tests were very positive in the sense that most programs were 
running on both machines without any major modification. 

However I reckoned that my efforts were useless since I had no 
Data Bases and was using sequential files. 

I started looking for a DBMS accessible from my programs.I 
received all possible information one can get.I tested every 
single DBMS I could have access to.The results were very much 
disapointing. 

Two of the products were not DBMS whereas called so.They were 
offering no direct way to be accessed by programs.The structure 
was hiden.One could not access several files or Data Bases at the 
same time.Failures would destroy the integrity of the Data with 
very poor ways of recovering.Security was banned. 

A third one was a true DBMS but so complex that I could not 
understand all the features and I could not figure out how to 
make it work on 64 !<bytes.Moreover the price was so high that 
was unable to justify it to my management! 

I had no alternative but to write a DBMS aimed at micros .It was 
logical to make it compatible with the beloved IMAGE. 

I called it MIRAGE since its was more a dream than anything else. 

Since this is not a vendor presentation,! will introduce MIHAGE 
as a concept rather than as a product. 

PREVAILING CONCEPTS OF MIRAGE. 

1. PORTABILITY. 

MIRAGE is completly written in PASCAL.The choice of the language 
was based on my paramount objective of transportability.It is not 
enough to transport programs if you cannot transport your Data 
Base structure.Since MIRAGE uses normal sequential files which 
exist on any machine, I can transport MIRAGE on any system with a 
PASCAL compiler.These systems could be MINI or MICRO and 
eventually MAINFRAME. 

2. LOGICAL ORGANISATION. 

Like !MAGIC, MIRAGE is organised in a NETWOHl<.Today's DllMS science 
offers us three rnodels which are 

llIEHl\HCllICAL 
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Nl::TWOHK 

• llELA'l'IONAL 

The hierarchical is lackin9 flexlbility.Ttie relational is lacking 
ressources.NETWOHK is a 9ood trade-off. 

\~hereas IMAGE is a two level NETWORK, MIRAGE ls multi 
levels.IMAGE offers MAS'l'EHS and DETAILS.A DETAIL cannot point to 
an other DETAIL.When a DE'l'AIL points to an other DETAIL the DBMS 
ls a Multi-Levels Network.There ls no indication in the design of 
~llHAGI:: regarding the maximum number of levels it may support 
other than the 99 possible files. 

Later on we will come back on the actual usage of multi-levels 
structure since IMAGE designers have been restricted to the two 
levels organization. 

l. Pll'iSICAL ORGANISATION. 

One specific feature of MIRAGE is the physical separation of the 
actual DATA from the POINTERS which are necessary to navigate in 
the Data Uase.l said physical.In a DBMS, one should always 
separate the Logical side - the way users and programmers will 
look at the Data Oase - from the Physical Side - the way Data and 
Pointers are actually organised on discs. 

IMAGE Data Sets' hold both Data and Polnters.'fhey are stored 
together in what is called a MEDIA record.On MIRAGE they are 
separated.Three considerations led to that split. 

The first was the current Micro computer lack of Multi-volumes 
management.One physical file must be on one physical disc 
drive.Uy storing together Data and Pointers I would not have been 
uslnq eff lclently the disc storage. 

The second was Data lnteqri ty .One can always rebuild its 
Pointers from Data.Actually MIRAGE provides recovering utilities 
which are essential on Micros. 

The tilled was flexibility.The separation offers the 
possibility to build a Data Base out of existing Files which is 
interesting in the following two situations 1 

.'iou have existing files which you want to organize into a 
Data Base schema • 

• 'iou alread\' have a Uata llase and you want to lnclude a new 
fl le in it. 

To illustrate the second situation I will refer to what happened 
in one of our installations. 
A system was In operation and our client asked for a new 
program.This program was to operate from a new Uata Set as well 
as from the old Sets.~e created a now Data Base which was 
consisting of the existing Sets plus the new Set,1~e separation 
of Data from pointers 111ade our new Data Uase invisible tor the 
old Data Base users. It meant as we 11 that two Data Bases l!la y 
share the same files. 
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4, OPEHA'l'l l~G SYSTJ::M lNDl:PENDANCE 

MIRAGE had to be independant from the OS since no one can predict 
which one,lf any, will prevail in the future.Moreover, the 
ex1stin9 OS are so poor that you hardly rely on them.MlllAGE 
lndependance ls insured by the lan9ua9c it ls written In and by 
the use of 'flat' sequential files .MIRAGE assumes that the 
MURPUY's law will be in action at every moment to destroy files 
or stop the machine in the middle of a Dl:IPU'f,MlRAGE tries to 
decrease the probability of ~uch nasty actions by diff~rent means 
such as closing or copying files.MIRAGE tries to decrease the 
seriousness in offering recovering utilities. 

5, STRUCTURE FLEXIBILITY 

The possibility to change the Data Dase structure was originally 
included in the Design.MIRAGE allows redefinition of 
ITEMS,FIELDS,PATHS,RECORDS,DRIVES,SETS and PASSWORDS.Most of 
ADAGEH features are included in MIRAGE since we all know that 
there ls no such thing as a STABLE Data l:lase. 

6. STRUCTURE and DATA DEFINITION INDEPENDANCE. 

Data Definition ls achieved by creatlnq Items and Fields. 
An Item ls a specific Data Entity which holds its characteristics 
such as slze,type,securitles, •• etc. 
A Field ls an Item within a Data Set ltecord.It holds all tloe 
items specifications plus the position where it is stored in the 
Data Set. 

When you make an IMAGE Schema, you define the Items,and then the 
Data Sets.An IMAGE Data Set deflnlt ion indicates what wl 11 be the 
Links and what will be the Fields.To illustrate you might say 
that 'ACCOUNTNO' ls the key of a MASTER which ls linked to three 
DETAILs,By doin9 that you are in fact doinq two dlf ferent 
actions. 

The first ls the selection of 'ACCOUNTNO' out of the 
list of Items. 

'fhe second ls the li nkaqe of 1 ACCOUNTNO' to J DE'rAI Ls. 

The first action ls to FIND and the second to HEPOHT a Set of 
FIELDS.The best illustration is to think at the way QUEHY works. 

Let's imagine that you have a ten characters long KEY which ls in 
reality composed of two parts llke 'MAIN ACCOUNT' and •suu 
ACCOUNT'.To save space 9n your report you want to report the 'SUD 
ACCOUNT' only.IMAGE obliges to proqram thls edition by yourself. 

MIHAGE desiqn allows to do lt without pro<jram111inq.For MIRAGE, the 
two fields are separate entitles, whereas the concatenation of 
them is the KEY. 

Other features are possible such as OVERLAPPING, or SUU-KEYS. 
A KEY can be defined across several FIELDS, or across parts of 
FIELDS.A KEY can be defined Inside a FIELD. 

'l'hcse features 
flexi bl 11 ty. The 

may be very convenient in term of Data Uase 
structure of Fields can be changed without 
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changing the Data Base Linkage Structure (Keys and Paths). 

Although some of the presented concepts are different from the 
concepts used in IMAGE, I would like to stress that one can use 
MIRAGE in exactly the same way one uses IMAGE. 

The second part of this presentation will be addressing System 
Designers.How can they design Data Bases which can be integrated 
in the llP/l~U0, and how they can interface MIRAGE and IMAGE Data 
Bases. 

II. USING MIHAGE 

It is rather essential to appreciate that there is no real 
difference between an IMAGE Data Base design and a MIRAGE one.The 
fact that the Data Base will be on micro does not change the 
r~ture of the solution you want to provide your users with. 

llowever the designer must clearly know wether whereas he wants to 
stay compatible with IMAGE or not.The decision not to use multi­
level& Data Sets both MASTERS and DETAILS is a painfull one as 
soon as you have already tried it,but this decision has to be 
made if compatibility is at stake. 

Let me explain now what is a MASTEll/DETAIL Data Set. 

Since Data and Pointers are physically separated you cannot tell 
as easily as with IMAGE when a Data Set is a Master or when it is 
a Detail.The Data Uase structure permits to view it either as a 
Master or as a Detail. 

To illustrate this ,we will consider the following schema. 

A Data Set is pointed to by a KEY in a one-to-one way.For both 
IMAGE and MIRAGE, this Data Set is a MASTEH. 

A Data Set has several Keys, each one linked to a Master, and 
more than one record have the same Key value.For both IMAGE and 
MlkAGE, this Data Set is a DETAIL. 

A Data Set is pointed to by a KEY in a one-to-one way, AND has 
several keys linked to Masters.For IMAGE it is an 
impossibility,whereas for MIHAGE it is a MIXED Data Set. 

With MIRAGE this Data Set can be seen either as a MASTEk or as a 
DETAIL.It means that you can get access to it either by using a 
Dl3F'IND/DBGET 5 ,or by using a DBGE1' 7 depending on the Key you 
specify.It is relevant to say that your Updating programs are 
likely to use DBGET 7,saving programming time and disc accesses. 

This feature cures as well the problem of Detail Data Set records 
which must not have duplicates for one of their Keys.IMAGE 
obliges to declare a Manual Master to control that Key, and to 
programmatically make sure that each new record has a different 
Key value.MIRAGE makes that control for you. 

Let's take the example of an accounting Data Uase with a Master 
'ACCOUNTS' Set and a Detail 'VOUCHf~HS' Set. 

Each 
which 

entry in the so-called 'Detail' has a unique 'VOUCllEH ffo' 
is the Master Key.Details Paths like 'DATE', 'JOURNAL' 

78-5 



might be present.The fact that you want to stay compatible with 
IMAGE means that you must avoid that desi9n at all costs.One 
possibility might be to start with a pure IMAGE structure and 
then to add the Master view.That is for each and every one to 
decide for himself the level of compatibility he wants. 

After the preliminary question of whether you want to stay 
compatible or not,the second 4uestion ls to decide if you want or 
not to link your micro Data Base to the Mainframe one. 

We know that the concept of the inte(jration of two different uata 
Bases is one of the main topics now under evaluation in most DP 
departments.MIRAGE compatibility with IMAGE addresses llirectly 
the problem. 

The way to do it today is to transfer an IMAGE Data Set (or part 
of it) into MIHAGE and vice versa through temporary files.Both 
the extractions,and the insertions have to be programmed.The 
transfert it-self can be done with existing utilities generally 
delivered by the Micro manufacturer. 

Designers can think of applications where the local user wants to 
make his owri input with a control against his CUSTOMER file.Time 
to time ,transactions will be transmitted to the mainframe for 
consolidation.Designers may allow the user to make new cus·roMEllS 
creation, whereas the mainframe will control duplicates. 

On the other way, designers can use the mainframe to dispatch 
Data to a Network of Micros scattered throuyhout the 
country.Grain Silos,for example, may receive Delivery Orders to 
be executed that day without having to be linked constantly with 
an overloaded mainframe. 

However the way to do it to-morrow will be more straightforward 
since MIRAGE will have most of the OS capabillties.DBGET and 
OBPUT on IMAGE Data Base will be monitored from Mllll\GE. 

Another way designers might think of using Data Bases on Micros 
is to simulate the mainframe.You may design, write and test an 
application on a Micro, and then transfer it on the HP/3B~O. 

We all are aware that Production and Developments do not yo well 
together on an heav lly loaded HP/3000. In fact they do not yo 
together at all.They are competing for scarce ressources. 

lf your programmers use Micros, they can develop and test without 
usiny the HP/3fUl0 ressources whereas they can still get access to 
it whenever they want since Micros are also normal terminals (not 
all of them) • 

Programmers can share an llP/3000 based library of programs and 
only transfer those they need for tests on Micro.You may allow 
programmers to take home their Micros in order to c.omplete in due 
time their programs.It also means that developments can continue 
during l:ilt'SDUMPs,HELOADs or SYSTEM Fl\ILUHEs.Moreover, fast full­
screen Word Processors can be used to write programs and 
documentation. • 
Training of Junior pro9rammers and users can be 
Micros.Learning IM/\m; with Mllt/\Gt:, or QUEHY with 
done without the llPM's fear that one could make 
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Data Sets, or DELETE them.At least, if one does it ,he will bear 
Eull responsibility for it and it will not have any serious 
consequences. 

Program demonstration could be done with micros since they tend 
to be portable, if not transportable.It is easier to move around 
a stand-alone Micro, than a dumb terminal, a MODEM, a line, and a 
working llP/JiHHl, 

'J'o terminate this presentation I would like to present an exemple 
of a Multi-level Data Base using Mixed Data Sets. 

Let's look at a very simple IMAGE like ACCOUNTING Data Base.We 
have a MASTER which stores the Chart of accounts, and a Detail 
for Daily entries.There is one unique Entry in the Master for 
each main account, and this Master is linked to the Detail. 

Let's imagine that the Detail is also linked to an other Master 
Data Set throuqht a Path consisting of the registration date. 
Every one can notice that this design is a pure IMAGE one. 

If we want each Detail entry to have a unique 'NUMBER' ,IMAGE will 
obige us to create a Manual MASTER bearing only that unique 
'NUMl:lEH' .It must be a Manual in order to have the management of 
Ll1e Set under its control and avoid duplicates. 

A multi-level DBMS permits us to make that link automatically by 
rnentionning that the 'NUMBEH' is the Master key of the Voucher 
Data Set. 

Let's now assume that each one of these entries, in our Voucher 
Data Set, is monitoring entries in a sub-voucher Set.It is rather 
convenient in a Payable-Receivable system for automatic matching. 

Invoices are registered in the Voucher Data Set, as well as 
Payments.However Payments will be also recorded into the sub­
voucher Set with the Invoice number.This system permits you to 
list all partial payments against any invoice without having an 
interface Data Set. 

Many other practical solutions can be considered when talking in 
terms of multi-level Data Bases and the skilled IMAGE designer 
will surely take advantage -0f them. 

However the more levels you add, the more complex the design will 
be.You may even end up locking yourself. 

The possibility to define more than two levels does not mean that 
you to abuse of it and fall into the 'galoping elegance' 
syndrome. 

II I. CONCLUSION 

Data Base for Micros is a reality of today.Its modern design is 
taking advantage of past IMAGE experience and bring a link for 
tomorrow's inteqrated systems that you will from now-on start 
think i n<J about. 
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ABSTP.ACT1 

HUCLEUS1 A System Management Tool 

w. Cary Sitton 
Bl-TECH Software, Inc. 

Multi-user HPJOOO sites are typically faced with needs to manage 
the following information1 

1. User capabilities to access information at the data base, 
data set and, most critically, data entry levels. 

2. User job launching and running capabilltlas. 

J, Allowable user log on passwords, days, times, LDEY's and 
attendant user specific device class assignments. 

4. Codes used commonly throughout applicatlonal systems. 

~. DBA access passwords to data bases. 

6, Financial subsystem audit trails. 

7. Dialogue and JCL required for standard aanu-drlven user 
interaction which results in tha launching of"• batch 
job or the activation of a process. 

8. Error codes, descriptions, severity and corrective advice. 

9, Report and screen headings, formats and ldentlflcatlons. 

llUCLE.US is a •>•st u1 wh 1 ch supports a structure that addressas the 
above stated needs. Specifically, the structure supported by 
HUCLEUS is a 3HF IMAGE/3000 Data Base named ROOTDB. 

79-1 



IHTROl>UCTJON 

The purpose of this paper is to dascrlbe NUCLEUS, a syste• designed 
to address several proble•• com•only found in a aulti-user environ­
ment where several independent software systems are operational. 
HUCLEIJS if a session/job manageMant tool1 a software tool1 and, a 
system managaaant tool. 

As a session/Job aanageaant tool, HUCLEUS ls daslgnad to provide a 
'cocoon' for the user fro• log-on to log-off, When the usar loge 
onto the s~•staa, a LOGOH UDC invokes . a progra•, HULOGON, that 
establishes a brief dialogue with tha user which results in the 
creation of a session temporary fila, USERJD. This file contains 
inforeation about tha user which •ay ba accessed fro• any applica­
tion progra•. Upon exiting HULOGOH, tha UDC places the user under 
the control of a FATHER process called NURUHJOB. This process con­
ducts dialogue with tha user which results in aithar the launching 
of a job or the intaractlva execution of a JCL sequenca. Thus, 
HURUHJOB conducts user dialogue which either STREAMS a job or 
ACTIVATES a SOH process, Tha usar naver laavas HURUHJOB, except to 
log off the system. 

This •ethod of sasslon/job management provides a controlled env1-
ronaant in which all users have only one UDC, the LOGOH UDC1 all 
user desired functions are initiated through a dialogue •tructure. 
With the ability to designate tasks as interactive or streamed, the 
system designer is given great flaxibility in ter•s or user con­
trol, In addition, the DP Manager has a stable framework from 
which to control methodologies employed in user interfaces. 

As a software tool, HUCLlUS manages error messages, report and 
screen haadings, coaaon codes and all user interfac~ information. 
The centralization of such management frees the progra•mer from 
many tedious tasks1 provides a regular structure which •akes pro­
gram maintenance easiar1 avoids inconsistencies which result from 
independently writtan user intarfaces1 and, provides a convenient 
and fast aethod for the development of application specific user 
dialogue. for the DP Manager, this provides a common structure 
which can be used by all systu1s1 i.e., 'it facilitates cantralhed 
control. 

As a system management tool, NUCLEUS aanages OBA accass passwords 
to data bases, keeps track of useful month-to-month information and 
provides a record of application software abnormal terminations. 
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HUCLEUS may b« thought of as a system which manages the following 
information: 

I. Application system audit detailsi 

2. User descrlptions, data base acct•• capabilltles and pro­
ce£s running capabilities1 

3. Structures necessary to conduct user dialogue which r«sults 
in th• initiation of JCL extcutionJ 

4. Common coded lnformatlonJ 

llUCLEUS performs information manag«ment functions through the usa of 
the IMAGE/3000 Oata Base, ROOTOB, shown in Figure I, 

IAU:-1 l-Cii:-1 T-us:-1 T-i'iD=-1 TQS=-T -, -~-; 
I AUD IT I I CODES I I QUSER I I HEADS I I QUEST I I ERROR I 
\-HSTR/ \-HSTR/ \-HSTR/ \-f'ISTR/ \-MSTR/ \-"STR/ 

\ I \ I \ I \ I \ I \ I 
\_/ \_I \_I \_I \ I \ I 

I I T -
I I I 

'---- '----- '---1 I I I I I 
I I I I I I 
I I I I I I ___ v __ _ 

\AU-SUBS/ 
\-DTL I 

\ _ _/ 

___ v __ 

\AU-MOHT/ 
\H-C•TL/ 

\ _ _/ 

_ __ v __ 

\ US-DB I 
\-OTL I 
\_._/ 

____ v ____ v __ 

\ US-JOB/ \QS-HELP/ 
\-DTL I \-OTL I 

\ _ _/ \_I 

Figure \1 ROOTDB lMAGE/3000 Data Base 

__v __ 
\QS-f'IEHU/ 
\-DTL I 
\_I 

HQ- I 
I HEXT I 
\-HSTR/ 

\ I 
\_/ 

I 
I 
I 
I 
I 
I ____ v __ 

\ HQ-JCL/ 
\-l>TL I 

\ _ _I 

The •ections which follow relate each part of the ROOTDB structure 
to the functions performed by NUCLEUS. 
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AUDIT lHFORHATlOH MAHAGEHEHT 

The followlng are needs commonly faced by the DP Hanager wlth re 
spect to the management of audit inforaalion1 

I, Halntanance of or9anlzatlon-wlda flnancla\ audlt controlsJ 
2. Hanagement of full access passwords to data basesJ 
J, Timely attention to corrupted data structuresi 
4. Nonstandard user access controlsJ and, 
5. lamedi~ta user notification of corrupted data structures. 

Uslng that part of the ROOTOB structure shown ln Flgure 2, NUCLEUS 
provide• a centralized approach to thase needs, 

AU-CL 10( 2) 
AU-CLHH 
AU-ABHOR MAL-PW 
AU-JOB-HO 
AU-CRASH 
AU-CRASH-MSGt 
AU-CRASH-HSG2 
AU-CRASH-11SGJ 
AU-CRASH-HSG4 
AU-CRASH-HSG5 
AU-CRASH-l'ISG6 

)(2 

X24 
XS 
J2 

2Xl2S 
X72 
X72 
1<50 
X50 
)(50 
X50 

\ I 
\ AU-AUl>tT I 

\ -HSTR I , _______ ,/ 
\ I 

\ MAH I 
\ I 

\ I 
\ I 

\ I 
T 

------------'--·----- I 
----'-\ I \ 

\ AU-SUSS-I> TL I \ AU-HOHTH-DTL 

'----------' 
AU-CLJO 
AU-SUSS-ID 
AU-SUBS-l>S-HAME 
AU-SUBS-DB-PW 
AU-SUBS- JOB-HM 
AU-SUBS-JOB-PW 

X2 
X2 
XS 
XS 
)(8 

X8 

Figure 21 Audit lnformation Data Sets 
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AU-CLIO 
AU-MOHTH-l>R 
AU-HOHTH-CR 
AU-MOHTH-PG 
AU-HOHTH-CC 

AU-MOHTH-VR 
AU-MOH TH-MO 

X2 
)(2 

I 
I 

I 

)(2 

J4 
J4 

6J2 
X4 



The master d3ta set, AU-AUOIT-HSTR, stores the client's name, an 
Abnormal U$age Password and system crash results. When the user 
logs onto the system <in HULOGOH>, th• program determines if the 
user is logged onto an LDEV which is not assigned to that user or 
if th~ user is logging onto the system on a day or time which is 
not defined for normal usage by the user. If this occurs, the user 
is prompted to supply the Abnormal Usage Password. Failure to pro­
vide the Abnormal Usage Password results in the user being automat­
ically logged off the system. The Abnormal Usage Password should 
b- changed frequently. 

tr an error has.been detected, the program detecting th• error con­
dition can call a NUCLEUS supplied routine, NURLCRASH, which will 
post descriptive information about the error in AU-AUDIT-HSTR. 
This descriptive information includes the name of the prograaJ the 
location in the program where the error was detactedJ the values or 
the control structure variablesJ and, a description of the error 
along with remedy advice. If present, crash information is dis­
played to the user at log-on ti•• along with • caution not to con­
tinue using the system until the re•edy advice ha• been acted upon. 

Thts method of crash manage•ent provides assurance that all u~ers 
are notified of a potential problemi and •ore i•portantJy, assures 
that the maintenance effort is directed toward the cause of struc­
ture corruption rather than toward probleas expressed by subsequent 
users of a corrupted structure. 

Subsystem detail ls held ln AU-SUBS-Dll. For each subsystaa in­
stalled, uniquely identified by a two character code, the full 
access password for associated data bases is •aintained along with 
the HPE user name and password. The HPE user naae and password is 
used for the launching of batch jobs. For exaaple, the entry as­
sociated with NUCLEUS is HU for the subsystem IOJ ROOT08 for the 
data base name: ZIPPER for the full access password to ROOTDBJ 
HUBATCH as the batch job userJ and, HUBTCHPW as the batch user 
password. 

A NUCLEUS supplied subroutine, HURLGTDBAPW, ls called programaatlc­
ally to allow programs to gain access to data bases with full 
access capability. This scheae provides the OP Hanager with 
the much needed capability to centralize the •anagement of data 
base passwords. By simplifying the •anagaaent of these passwords 
under one structure, data base passwords can be changed at frequent 
intervals without disrupting existing in-house software. 
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The user dialogue ••nager, HURUHJOB, always asks as its first ques 
tion, "To which systa• do you desire access?" A menu of two char­
acter codes with associated descriptions follow~ th« prompt. The 
two character code is used to •ccess AU-SUBS-DTL. All user re 
quests to launch a job will result in the us~ of the retrieved 
batch job MPE user name and password for the STREAM job. As with 
data base passwords, this scheaa centralizes the security and 
management of user initiated batch jobs. 

Selected audit lnforaation ls malntalned ln AU-MONTH-DTL1 one entry 
is aada for each month. An entry contains pages printed by part; 
checks printedJ pages printed to COMJ and, monthly total debits and 
credits. A NUCLEUS supplied routine, NURLEMIT, is called program­
matically to post this information to ROOTDB. Maintenance of this 
information is useful in ordering paper stock and, in addition, 
provldes an important audit control for financial subsystems. 
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USER HAHACEMEHT 

The DP Manager need$ a simple way in which to ••nage users. Spe­
cifically, there is a need to ••nage three types of information! 
General log-on access information1 data base eccess capabilities at 
th~ data base, data set and data entry laval1 and, interactive and 
batch job running capabilities. NUCLEUS provides a simple •eans 
whereby the DP Manager may insure that users are properly coordi­
nated. Us€r management information is maintained in that part of 
the ROOTDB structure shown in Figure J. 

US-ID<2) Xl2 
US-HANE X24 
US-PY XS 
US-DESC XJO 
US-LOC-CD X8 
US-MGR-CD XS 
US-HRS-CD X8 
US-LDEV 5X2 
US-LP I-CD KS 
US-LP2-CD XS 

\ I 
\ US-USER I 

\ -MSTR I 
\ I 

\ I 
\ MAN I 

\ I 
\ I 

\ I 
\_I 

I 
-------'-------! I 

------' '------..,. \ I \ I 
\ US-DB-DTL I \ US-JOB-DTL I 

'----------' \ I 

US-ID 
US-DB-HA ME 
US-DB-ACCESS 
US-DB-SEL-CDI 
US-DB-SEL-CD2 

X12 
KS 
X2 
Xl2 
)( 12 

us-10 
US-JOB-SUBS-ID 
US-JOB-FHCT 
US-JOB-QUAL 

Figure J1 User Management Information Data Sets 
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User descriptive information is maintained in US-USER-HSTR. Along 
with naae, description and secondary password, each user has the 
following information associated• 

A locat\on code u•ed for the dlstrlbutton of centrally gen­
erated reports. 

A aan~ger code which identifies the person authorlzed to 
manage the user's data base access and job running capabil­
ity. 

A code whlch ldentlfles the day and tha hours of the day 
when the user may be logged onto the system. 

A llnt printer code which identlfles the printer the user 
prefers to use for standard reports. 

A llna printer code whlch ldentlfles the prlnter the user 
prefers to QSe for the printing of special forms. 

When the user logs onto the system, HULOGOH creates a temporary 
file, USERJO, which contains all the user's information from 
US-USER-MSTR. During log-on, the user is given the opportunity to 
altar line printer assignments. These line printer codes are sub­
sequently used by HURUHJOS for the creation of line printer file 
equations in JCL, 

User acces• to data ba•• lnfor••tlon l• •anaged ln US-DB-Dll. Each 
antry in this data set contains the naae of the data baseJ tha name 
of tha data s•t within the data basai an access code which allows 
READ, WRITE, conditional or HO access capabilityJ and, two selec­
tion code~ which are treated as • range. 

lhe NUCLEUS supplied routine, HURLCAHYOU, ls called programmatlc­
ally to return the least restrictive access capability found in 
US-08-DTL. This technique provides the important capability of 
easily restricting user access to particular entries in a data set. 
For example, if a particular prograa provides interactive access to 
a General ledger activity data set, entries could be made in 
US-08-0TL which would restrict user access to transactional activ­
ity for particular account numbers identified in the selection 
codes. 
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Job running capabilities for each usar are aaintained in US-JOB­
DJL, Jobs are initiated by HURUHJOB to be run interactively or 
launched. Before a requested job is run, HURUHJOB exaaines US-JOB­
DTL to determine if the user is authorized to run tha job. Infor­
•ation maintained in US-JOB-DTL Identifies the subsystem1 the func­
tion within the ~ubsysteMJ and, up to six additional qualifications 
which further define j~bs the user may request. After first asking 
t.he "Which system .. ,.• question, HURUHJOB asks, •which function in 
the system would you like to perform?" The two character 
codes selected fro• the menues presented for these first two ques 
tions plus all other menued re$ponses aake up the key which is used 
by HURUHJOB to scan US-JOB-DTL1 i.e., a job request ls represented 
in th~ system as a progressively concatenated set of coded replies 
to menu-driven HURUHJOB dialogue. By using the •wild card" for 
any two character codes in us~JOB-DTL, it can be seen that user job 
running capabilities can easily ba specified as vary broad or vary 
narrow. 

This technique of user job capability aanagement provides a vary 
convenient centralized way of addressing the troubl•so•& •who can 
do whet" dilcm•a faced by the DP Hanag•r. In fact, this allows 
the DP Manager to delegate user aanag•••nt to sel&cted end 
users1 uger •anagers •ay not assign data bas& access capabiliti•s 
or job running capabiliti•s b•yond those assigned to theasalves. 
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THE USER INTERFACE 

Perhaps the most challenging problem faced by the DP Hanagar is the 
implementation of systems which are consi•tently, simply and kindly 
interfaced to the user. This requires a scheme for the management 
of user-syste• dialogueJ a si•ple •eans of translating user re­
quests into launched batch jobs or activated processess and, the 
creation of a user environment which will be protective and secure, 
while at the sa•e tiae not ~estrictive. Using the part of the 
ROOTDB structure shown in Figure 4, NUCLEUS provides an effective 
means of defining the 'user interface', 

I 

QS-HO< 2) 
QS"'TEXT 
QS-ECHO-PREFIM 
QS-DEFAULT-ANS 
QS-EO IT-Cl> 
QS-l'IUST-Q 
QS-IH-tlASK-Q 

X4 
)(76 
)(JO 
)( 12 
X2 
)(2 

X2 

~-~·~------\ 
\ QS-QUE.ST 

\ -tlSTR , ______ / 
\ I 

\ l'IAH I 
\ I 

\ I 
\ I 
\_/ 

I 

I 
I 

I 

-------'----· I 

HQ-HASK<I> 
HQ-QS-HO 
HQ-LAST-Q 

)( 16 
IOX4 

X2 

\ 
\ HQ-NEXT I 

\ -tlSTR I , _______ / 
\ I 

\ HAH I 
\ I 

\ I 
\ I 
\_/ 

I 
I 
I 

I 

-----'----- ---'---- '------\ I 
\ QS-HELP-OTL I 

'-~ _I 

QS-HO 
QS-HELP-TEXT 

X4 
X76 

\ I 
\ QS-MEHU-DTL I , _________ / 

)(4 
1<2 
l(J 0 

QS-HO<QS-ttEHU-tD) 
QS-tlEHU-CO 
QS-tlEHU•OESC 
QS-HEHU-QS-NO I OX4 

Figura 41 User Interface Data Sets 
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User dialogue can be represented as a directed graph, where each 
node represents a questioni each arc represents a possible re­
$ponsei and, the terminal node represents the running of a job. 
Thus, in a theoretic perspective, a job is defined as a sat of job 
control statements which are uniquely Identified by a key made up 
of progressively concatenated user responses to job request dia­
logua. 

To implement thls theoretic concept, NUCLEUS •anages the dlractad 
gr3ph in HO-HEXT-MSTR and manages dialogue text (questions, answers 
and HELP text) in QS-QUEST-HSTR. Each entry in HQ-HEXT-HSTR con­
tains a mask of selected progressively concatenated coded user dia­
logue reponse3J a list of up to ten questions which are to be asked 
in the formation of a new mask: and, a flag which indicates if the 
mask represents a terMinal node. Terminal node masks contain JCL 
in HQ-JCL-DTL which are used for running the selected job. 

As an example of the use of this structure, consider th• dlalogue 
involved in a request for a file listing of user infor•ation fro• 
HUCLEUS. Beginning with a null mask, HURUHJOB asks one question 
before forming a new aaski "To wh~ch system do you desire access?• 
The user replies "HU" to designate the NUCLEUS syst••· HURUHJ09 
us£s "HU" to locate an entry in HQ-HEXT-HSTR. This entry repre­
sents a nonterminal node which designates one question to be asked 
before the formation of a new mask. The designated question asks, 
"Which function in the NUCLEUS syste• would you likt to perfor•?• 
The user replies from the menu presented "FL" <ROOTDB File List­
ing). HURUHJOB uses this new mask "HUFL" to locate tha next entry 
in HQ-HEXT-MSTR. 

The located entry, identified as a nonterminal node, designates two 
questions to be asked in the formation of a new •ask. The first 
question asks, "Which information in the ROOTDB would you like 
listed?" The user responds from ~he menu presented •us• <User 
Information>. The second question asks, •How •any copies of the 
listing would you like?" This second question is identified in 
QS-QUEST-MSTR as an incidental question which doesn't participate 
in the for~ation of a new mask. Thus, HURUHJOB uses a •ask of 
"HUFLUS" to locate the next entry in HQ-HEXT-HSTR. 

The located entry ldentifled as a terminal nod~ deslgnates one 
question to be asked before running a job. The question to be 
asked is, "Which part of the User Infor•ation would you like 
listed?" The user responds "Al" <All User Information), After ask­
ing this final question, HURUHJOB usas the setting of the terminal 
node fla9 to dater•ine that the job is to ba launched. The JCL to 
be used for launching the job Is found in HQ-JCL-DTL. 

lhe first part of each Job streamed by HURUHJOB contains a RUH com­
mand for the NUCLEUS supplied progra• HURUHREQ, followed by the 
identifying nu~ber of each question asked and each user response 
given during the MURUHJOB dialogue along with all user descriptive 
information contained in USERID, HURUHREQ reads this information 
from the STREAM file and creates two job te•porary filas1 USERID 
•nd RUHREQ. USERIO contains user descriptive information and 
RUHREQ contains user job launch dialogue information. HURUHREQ can 

79-11 



then be used by application progra•s as a general para•eter inter­
face. USERIO provides useful infor•ation to th~ application pro 
gr•• and necessary information to several NUCLEUS supplied routines 
such as NURLCAHYOU and NURLCRASH. 

When user dialogue results ln a request for an interactive job, 
NURUHJOB fssuas all nonRUH MP£ co•mands through the COMHAHO intrin­
sic and initiates execution of all RUH co••ands by cre~ting and 
activating the naaed progra• as a SON process. Uhan the activated 
task runs to co•pletion or terminates abnor•ally, control is re 
turned to NURUNJOB where the naxt entry in HQ-HEXT-JCL is proces­
sed. When an "End of Chain" is datactad in HQ-JCL-OTL, HURUHJOB 
returns to tha first user dialogue question, "Which system ..•. ?• 

NQ-JCL-DTL ls a slmp\e structure whare each entry contains a se­
quence number and a command. Several spacial commands are support­
ed by HUCLEUSJ however, discussion of these details ls be~•ond the 
scope of this paper. 

QS-QUEST-"STR contatns the text along with addltlonal qualifica­
tions for each question that may ba asked during user dialogue. 
Additional qualifications for each question are described below1 

An echo praflx used to abbravlate the question during a 
HURUHJOB prompt which echoas each question asked along with 
the user response for user verification immediately prior to 
the launching of a job. 

A default answer value which 11 used lf the user presses 
the RETURN key without entering a response. 

An edlt coda whlch speclf les the type of varlfication to be 
perfor•ed on tha user response. 

A coda which lndlcates if the user response ls to be concat­
enated onto previous user responses in the forMation of the 
Mask used to accas• entries in NQ-HEXT-MSTR. 

An indicator as ~o whether tha question is a •MUST" question 
when processing previously catalogued user responses. 
NUCLEUS includes a feature which allows the user to cata­
logue responses given during a HURUHJOS session. Thus, the 
user can create a flla of responses which will result in the 
activation of one or aora jobs in sequence. This feature is 
a significant tiaasavar for those users who consistently 
request the saMe jobs and would like to us~ previously cata­
logued responses placed in a file in •uch the sa•a way as a 
UOC. When HURUHJOS ts accepting responses fro• a previously 
created catalog file, there are certain question• which 
"HUST" be asked of the user interactively. For exaaple, a 
question requesting a report date would likely ba identified 
in QS-QUEST-MSTR as a "MUST• question. 
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Questions in QS-QUEST-MSTR which require a •enu or pos•ibla r• 
sponses will be linked to those res~onses in QS-MENU-DTL. With the 
question number as the key, each entry in this data sat contains 
the following data ite•s: 

A two character code which can be antared by th• user to 
select a particular entry in the ••nu, 

A 30 character descrlptlon of the ••nu code. 

Up to ten questlons may be forced lf a glv•n ••nu code ls 
selected. There are certain questions which should only be 
asked if the user selects a particular code fro• the ••nu. 
These questions tend to be incidental in nature and their 
inclusion in the question nu•bers contained in NQ-NEKT-HSTR 
would be inconvenient. For exa•ple, it the question asked 
is, "How aany copies the user wants of a particular report?• 
L if the user replied "Two copies•, you aay wish to force 
the question, "Are those to be original copies?" at that 
point, 

QS-HELP-DTL allows the svste• designer to associate free for• text 
with each question. This text Is displayed by HURUNJOB anyti•e the 
user responds "HELP" to a question asked. 

The user dialogue ••nagement performed by NUCLEUS has been brlefly 
described in this section. The syste• d•signer will find this as­
pect or NUCLEUS to be extre•ely tasy to us• and provides a struc­
ture regularity to the ustr interface. Experience has shown that 
user acceptance of dtveloped syste•s is, in large part, a function 
of the ease and friendliness in which user needs are translated 
into tasks performe~. 
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COMMON CODE IHFORMATIOH 

Hany lnstallat\on• are faced with codad information mana9e111ent 
problems. Specifically1 

1, P1fferent encoding structures tend to be developed wlth 
each applicational system. 

2. The same information may ba encoded differently by separate 
syste1u. 

J, Dlsparate, separately designed structures do not lend them­
salvas to centralized coordination of cod~ maintenanc~. 

4. Program devalopment and maintenance are •ore difficult when 
dealin9 with a variety of code structures. 

5. Multiple, separately malntalned. coda structures make lt 
vary difficult to insure that users have hard copy documen­
tation which lists current code assignment values, 

6. Hany applicat1onal systems do not include 
user interactive inquiry into current 
values. 

a facll\ty for 
coda assignment 

Using the part of the ROOTD9 structure shown ln Figura 5, NUCLEUS 
provides a •eans of adaquately addressing these problem•. 

CD-CC< 0) 
CD-CATEGORY 
CD-CODE 

Ct>-OESCS 
CD-OESCH 
CO-OESCL 
CO-ASSOC-VAL 
CD-ASSOC-CODE 
CO-ASSOCl-l>ESC 

X12 
X4 
)(9 

)(8 

XJO 
)(72 

5J4 
5)(9 
5XJO 

\ I 
\ CD-CODES I 

\ -HSTR I , ______ _/ 

\ I 
\ HAN I 

\ I 
\ I 

\ I 
\_/ 
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For ~ach code contained in CD-CODES-MSTR, th• following d•ta items 
may be associatedr 

A four character code c•te9ory. For exa•ple, "PYAA" could 
stand for a Payroll Affirmative Action codas category. 

An etght character code value. 

A short <6 character), madtum <JO character) and long (72 
character) description of the code value. 

Up to flve, double long tntegers, handled internally llke 
COBOL PJC S9(13>Y9<5> variables. 

Up to five, eight character as1oci•ted code v•lues. 

Up to ftve, JO character assoctated code value descriptions. 

This structure tends to be very lnefftctent with respect to dlsc 
utilization1 however, most installations will find that the can 
tralization of encoded structures will often result in a net sector 
savings. 
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HEADING IHFORHATIOH 

The 111ovaiaant of report he.adings and sc:raan headings f'ro111 progra•­
••tic: def'init.ion to. a c:antrally 111ana9ed struc:tura, HO-HEADS-tlSTR, 
provides several advanta9es1 

I, Haadlng standards ••Y be appllad c:onslstently. 

J, A convenient structure fro• whlc:h to answer th• question, 
•what reports do wa c:urrantly support?• 

4, Paglnatlon, tltlas and general trlvlal foraat c:hanges c:an 
be ••d• without rec:o111plling prograas. 

Heading lnforaatlon l~ ••lntalned ln that part of tha ROOTDB struc­
ture shown in Figura 6. 

HD-ID< O> 
HD-TITLE 
HO-TITLE-OT 
HO-TJTLE-SEL 
HO-FOR HAT 
HO-CO"PRESS 
HO-TOP-SPACE 
HD-DETAIL-SPACE 
HD-LENGTH 
HD-IHDTH 
HO-CLOSE 
HD-HEAD 

\ 
\ 

\ 
HO-HEADS 

-HSTR 

l<8 
)(50 
K2 
l<2 
)(2 

J 
J 
J 
J 
J 
J 

6Kt32 

I 
I 

I 
\ 

_____ I 

Figure 61 Heading Data Sat 

\ 
\ 

\ 
\ 

\ 

HAH 

\_I 

I 
I 

I 
I 

I 

For each entry ln HD-HEADS-MSTR, up to slK heading llnas are aaln­
tainad along with a title and other foraat directive qualifiers. 
The foriaat directive details are not described in this se.ction. 
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ERROR IHFORNATIOH 

Most DP en~ironrnents are troubled by the following error management 
problem;i1 

\, Complaints by users that error •essages are unclear. 

2. Complalnts by users and systems' staff that tht proper 
course of action when an error occurs is undefined. 

3. Due to disparate programmatically defined errors, it is 
difficult for the manager to obtain or provide current 
listing of all errors identified by software. 

4. Most errors detected do not lncludc a quallflcatton of the 
level of their severity. 

Error lnforrnatlon is maintalntd ln that part of the ROOTDB struc­
ture shown in figure 71 

ER-CC XS 
ER-ID )(6 
ER-HO J 

ER-DE SC X72 
ER-NATURE X2 
ER-ADVICE )(72 

~~~~~~~~~~-

\ I 
\ ER-ERROR I 

Figure 7: Error Data Set 

\ -HSTR I 
\ I 

\ I 
\ MAH I 

\ I 
\ I 

\ I 
\_/ 

ER-ERROR-MSTR ls designed to address the above stated problems. 
Each error is qualified by a six character Subsystea ID codci a 
four digit error number which is unique within each Subsystem JDJ 
a 72 char~cter error descriptton1 a two character indicator of the 
level of severity of the errori •nd, a 72 character description of 
what should be done to correct the error. 
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SUH HARV 

Descrlblng a •ajor sv•t•m such a• NUCLEUS ln a ll•lted Proceeding• 
article leaves one erring on the side of brevity. It ls hoped that 
thi• paper·has fairly captured the conceptual fraaework of NUCLEUS 
as well as to d••cribe soae of the ••jor coaponants. Sl•ply stat­
ed, NUCLEUS i• a data structure which addresses •any of the more 
pres•ing DP manage•ant needs in a •ulti-user HP3000 applicat1onal 
environaent. Ho•t of the system i• written in COBOL, with all 110 
and support subroutines writtan in SPL. 

UUCLEUS includes all •oftwar• nece•sary to ••lntatn the ROOTOB data 
base. All updates to the data base are dona interactively and use 
VIEW foras. All software for the generation of file listings from 
the data base l• also lncludad, along wlth software which provides 
interactive inquiry into any part of the data base. In addition to 
thasa functions, HULOGOH, NURUNJOB and HURUHREQ ara included along 
with several support subroutines. 
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ITA/3000• A user-friendly Screen Form Handler 

S u m m a r y 

Host online application systems interact with the terminal user by 
means of screen forms. The features of the screen form handler used 
in on-line programs contribute in a significant way to the 
user-friendliness of an online system therefore. 

ITA/3000 screen form handler has been designed and de1Jeloped with 
the user in mind• 

Yery fast Yisual forms design and forms changes using any editor, 

demonstration to the future end-user by a check and demo utility, 

definition of system- or account-wide standards for 1Jarious run 
time features, such as field enhancements, 

highlightening of the field where the cursor actually is, 

all input terminated by the RETURN key 

user input is immediately checked for formal correctness, and 
further Yerification accessing any other data if necessary, 

application program may read one, seYeral, or all fields in a 
form, 

if in1Jalid data is entered an error message is displayed in the 
users local language, then cursor is repositioned at the invalid 
field, 

instantanous forms change by using local terminal memory which is 
part of eYery HP terminal, 

fast response time thanks to character mode operation and small 
stack requirements. 

ITA/3000 is a1Jailable as a fully supported Yendor product. 
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ITA/3000• A user-friendly Screen Form Handler 

I. Ouerview on programming techniques for dialogs between terminal 
users and application programs running on the HP/3000 system 

The first technique used since the early days of interactive 
computinQ is the 10-called !question I answer sequence' where the 
terminal user has to answer a question displayed tor a prompt sign, 
meaning that the program is waiting for the next user command• 
before the program continues. It remains the prefered method in many 
situations, e.g. for interacting with the operating system HPE, in 
utility programs, line editors, and most scientific programs with 
few input options and a l~t of calculations. 

For commercial data processing however, the today's 1tandard method 
of interaction between a terminal user and a well designed computer 
program is the 'show a form & fill-in the blanks' technique. 

It has become more and more used for on-line data processing 
applications and is 

appropriate for well defined and often used applications, 

the typical dialog technique on display terminals for commercial 
applications, 

similar to traditional paper work, 

well-1uited for unskilled people and occasional users, 

easy to see the relations between many fields to be filled in, 
e.g. dozens of descriptive and quantitative inputs for a new 
stock item to be entered. 

Using this method, an entire fora is displayed on the terminal 
screen, typically showing a title, some explanations, a selection of 
options, or questions followed by distinctly enhanced fields for the 
user input. The cursor is positioned at the beginning of an input 
field, ususally the first one. The user has time to read the 
instructions on the screen, to understand all the questions to be 
answered. CGenerally it helps a lot to see all related questions on 
the same page.> The user then answers the first question. If the 
first input field is completly filled, or if a defined 'termination 
key' is pressed, the cursor jumps automatically to the beginning of 
the next input field. If the user types a formally or logically 
invalid answer, an error message explaining the problem is displayed 
as soon as possible, and the user is asked to correct his input. 

The 'Show a form & fill in the blanks' method has the following main 
aduant4ges over the older 'question I answer technique'• 

It looks more professional to show entire forms on the terminal 
screen and to let the user fill in the blanks. 

It is easier for the terminal user to know what kind of input is 
expected. 

Possibly the user has the option to check his input in all fields 
by re-reading his input, and to correct any bad ~alues. 
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Forms ·are displayed at once and then reaain aotionleas on the 
screen until an other fora is needed. This is auch aore ·agreeable 
to the operators eve's than the frequent ju•ping up of lines aa 
with the 'question I answer sequence' technique. 

Data trans•ission between a ter•inal and a HPJOOO computer occurs in 
character •ode or in pseudo block aode, depending on the ter•inal 
type and the screen fora handler used• 

• VPLUS Cby Hewlett-Packardt works in pseudo block mode and need& 
block mode terminals 426408, 2645, 2622 fft. 

• ITA/3000 •bu SWS Software Systeas lll•, works in puro character 
aode with every HP display terminal, including the low-cost 2621. 

The technical differences of the two transmission •odes and the 
iapact they have on system load and program•er needs has been 
documented in the two recent articles [IJ, l2J. 

2. Require•ents for user-friendly dialogs on display teraind1. 

Everybody agrees today that display ter•inals should satisfy basic 
ergonoaic requirements relative to the following hardware aspects• 

keyboard design• flat, eaaily reachable position of s~ecial 
keys, separate numeric group, agreable typing 

display quality; flicker-free and easy-to-read, adjustable 
brightness and focussing, choice of display colors, 

display unit• twistable, to acco•odate for external lighting 
conditions. 

Hewlett~Packard now offers aeveral optional features for tho 262x 
line ter•inlls, and on a future te.rainal line ••nu new er11onometric 
insight• will certainly be realised. 

But what about 'ergonoaics' in the software do•ain, for example 

easy to understand screen fora•, really reflecting the user 
needs, siailar to preYious paper work1 

systea feedback •• the user fills in every field? 

response ti•• to allow saooth and continuous data entry 
operations? 

Critical inspection of existin~ on-line applications and diacussion& 
with Csatisfiad?> terminal users often eaphasizes the follo~ing 
problems• 

Depeqding on the designer's style the form lay-out may look 
quite different fro• pro11ram to program• same field types 
tdisplay-only, required, input, ... t are enhanced in different 
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ways, error handling is implemented by mysterious error numbers 
or messages hardcoded in th& program code and difficult to 
modify or to translate to another language. 

End-users rarely have seen the screen form before the first 
production run, except possibly as part of system 
specifications on paper drawings. How many users really 
interact with the system analyst at forms design time? Not only 
at the conference table but seeing the forms on the screen, 
typing data in the input fields and jumping from form to form 
(that's the first step in prototyping a new application). 

On more complex forms having many dozens of input fields the 
actual cursor position is difficult to locate visually if the 
current field is not distinctly enhanced. 

It is confusing to the terminal user if type checking is not 
done immediately. But can a dp manager justify the extra 
expense of nearly $1000 for every 2624 display <compared to the 
cheaper 2622) JUSt to have immediate type checking? 

Many of the problems above cannot easily by avoided if HP's VPLUS 
software is used to implement the 'show a form & fill in the blanks' 
technique. 

But the character mode screen handler ITA/3000 has been d•signed 
with the user in mind' 

very fast visual forms design and forms changes using any editor, 

demonstration to the future end-user by a check and demo utility, 

definition of system- or account-wide standards for various run 
time features, such as field enhancements, 

highlighting of the field where the cursor actually is, 

all input terminated by the RETURN key, e.g. no error-prone 
switching between RETURN, TAB, and ENTER key, 

user input is immediately checked for formal correctness, and 
further verification accessing any other data if necessary, 

application program may read one, several, or all fields in a 
form 

if invalid data is entered an error message is displayed in the 
users local language, then cursor is repositioned at the invalid 
field, 

instantanous forms change by using local terminal memory on every 
HP terminal, even the low-cost HP2621, 

fast response time thanks to character mode operation and small 
stack requirements. 
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2.1 Forms Design and EDP standards 

ITA/3000 forms are designed with the aid of your preferred editor• 
QEDIT from Robelle Consulting, TDP or EDITOR from HP, then kept as 
standard ASCII or as compact QEDIT file• 

Using editor commands you visually design the desired form as 
follows: 

* Write any constant text such as title, explanations, user 
dir~ctives, and field descriptions at the desired locations. 
Full screen editing may be helpful to do this design task. 

• Delimit every field which contains variable data at run time by 
braces C ) if it is a display-only field, or by brackets C 
J if it is an input/output field. 

On national terminals Cgerman, french, spanish, scandinavian, 
... ) where the symbols CJCJ are replaced by national characters 
the alternative symbols ( ) for display-only fields, and < > 
for input/output field~ can be used. 

* Inside the field delimiters CJ,() lor t>,<> on national 
terminals> you specify the desired data type by filling them 
with one of the field type symbols shown in the table below. 

Field Checking Conversion to inJernal types 
Type IMAGE COBOL SPL 

---------------------------- ----- ------------ -------------
no checking, alphanumeric Xn pie X(n) byte array 

I.. n 

!UUUUI up shift lowercase alphabet. Un pie X(n > b11te array 

[UH} no-echoing le.g. passwords I Xn pie Xln) byte array 

CZZZZI numeric Zn pie 9tnl tbyte arrayl 

(99991 numeric, up to 4 digits JI pie 9141 comp integer 

[999991 numeric, 5 to 9 digitt JZ pie 915) comp double 

lPPPPP l numeric Pb pie 915) comp-3 n/a 

CDD.HH. Yrl date X8 pie X(81 byte array 

I DD/tltl/YYJ date (--> 'l"tl1NDD I Zb pie 9tbl tbyte array> 

I DD NM YYI date t--> YYYYMHDDI JZ pie 9181 comp double 
IDD HH YYYYI 

lYY.WWl year & week JI pie 9141 comp integer 

lrY WWI year&week l-->YYY¥MMDDI JZ pie 9181 comp double 
---------------------------------------------------------------------------

80-6 
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All numeric field types (symbols 9 1 Z, or Pl may optionally contain 
a decimal point, or a leading 'minus sign' to allow for negative 
values. 

When the forms for an application are drawn, it may be checked and 
demonstrated to the end-user immediately by using the ITACHECK 
utility program. Before any program coding is done the form(s) 
appearance and jumping from form to form can be demonstrated. Field 
enhancements and other attributes can be changed as long as not 
fixed by account or system manager. The end-user can try out the 
forms by entering data and using function keys. 

If any form design or field attributes such as type or length do not 
satisfy the user needs, they can be changed using the editor in a 
matter of seconds, then redemonstrated again. Compare this fast 
developement cycle with the VPLUS approach• lengthy forms design 
procedure through FORHSPEC, then very time-consuming forms 
compilation! 

EDP standards can be recommended or enforced by the account or 
system manager by setting optional or required forms attributes 
using the ITASET utility. The programmer can overwrite the optional 
attributes only from his application program (if necessary). This 
ensures that in a given account or for the whole systems all the 
ITA/3000 forms attributes can be controlled for the end-user's 
benefits. 
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2.2 Interaction between terminal user and computer program 

The user-friendliness of the screen form handler ITA/3000 is 
determined by the way it interacts with the terminal user. 

Special Enhancement of Current Field: Especially in complex forms 
with many input fields the operators eye's get tired while looking 
for the actual position of the blinking cursor (underline sign> 
which marks the current input position. ITA/3000 allows to choice a 
special field enhancement for the current input field, for example 
'full bright inverse video' if the normal input field enhancement is 
'half bright inverse video'. Using is unique feature the terminal 
user can locate the current input field instantaneously. 

Using RETURN for all input termination• If the Block Mode technique 
is used (as with VPLUS) then you have to press 'RETURN' after the 
HELLO and the :RUN command, then to use the 'TAB' key to terminate 
every input in a screen field, and finally to press the 'ENTER' key 
which sends the whole bunch of data to the computer. With ITA/3000 
the RETURN key is used in all cases to terminate an input operation. 

Immediate input checking• The user feels much more comfortable with 
his answers to the computer's questions if his input is immediately 
checked at least for formal correctness (alphabetic/numeric/number 
of decimals ... ) as this is done by ITA/3000. If the data entered 
does not follow the field type specifications then just after the 
RETURN key is hit an error message is displayed an the cursor is 
repositioned at the beginning of the field in error. Except for the 
more expensive HP2624B display terminal VPLUS operating in Block 
Mode can do such simple type checking only after the ENTER key has 
been pressed. This may be minutes later when the user has finished 
entering many other fields on the screen. 

If the data entered needs access to other data in the computer for 
verification, then ITA/3000 can be directed to read just this one 
tor a few) fields. The program may then access other data (i.e. the 
customer record in a data base if the customer number was typed-in•. 
Optionally it can display additional information or a specific 
mes age if the check fails. Jt then asks for the next user input by 
pos tionin~ the cursor to the appropriate field according to the 
act on to be taken. 
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2.3 Run-time efficiency 

Good response times are of maJor concern to the terminal user. 
Indeed it is frustrating and a waste of time (equals money! i to sit 
behind the screen and waiting until tha computer is ready to accept 
the next input. 

The following rules help you to design interactive programs with 
high run-time efficiency• 

* Read Robert Green's paper on 'Optimizing On-line Programs' (see 
reference l4H. 

w Hake use of local terminal memory to hold the most often called 
screen forms• 

If your programs call ITA/3000 then on every HP display 
terminal (including the 2621> the most frequently used forms 
are reactivated instantaneously and automatically. 

If you insist to use VPLUS then you need the expensive 2624 or 
2626 terminals. 

* Only the data you enter on the keyboard should be transmitted to 
the computer• 

That, by definition, is what ITA/3000 does while operating in 
character mode! 

- The contents of all unprotected fields are sent to the computer 
at maximum speed te.g. 9600 baudi every time you hit the ENTER 
key in a VPLUS form, even if you changed just a few bytes in 
the current screen. Using form families the amount of data 
transferred can be reduced for the most frequent situations, 
but at the expense of more forms design and programming time. 

~ Keep the code and data stack size as small as possible• 

Minimize usage of global data• ITA/3000 just needs about 100 
words for an average form with 20 fields. Compare this small 
amount with the several thousend bytes VPLUS needs in the 
DB-DL area of the data stack! 

Minimize code segment size• do not put relatively seldom used 
error messages in the code segments, but to MPE catalog files. 
ITA/3000 uses error catalog files in English, French or German 
to hold all its messages as well as the most frequent messages 
from the file system and from ItlAGE. You may expand this 
catalog by your own application specific messages. 

80-9 



ITA/3000: A u9er-friendly Screen Form Handler 

3. Features of the ITA/3000 Character Mode Screen Form Handler 

fhe following table lists the most important features of ITA/3000 
taking HP's VPLUS as reference• 

F e a t u r e s lTA/3000 V/3000 

* transmission mode (terminal to computer) 

* immediate input checking 

* error messages in local language 

* instantanous forms change 

* number of forms resident in local memory 

* no-echo fields for passwords 

* automatic & immediate right justification 
of numeric data 

* softkeys supported 

* time-out feature 

* special 'current field' enhancement 

* system/account wide defaults & standards 

* 'visual' forms design by 

• maximum number of fields per form 

* number of procedures to remember 

* forms compilation 

* field processing specifications 

* automatic type conversion 

* runs on low cost terminal HP2621 

* test input optionally from disc file 

* mixing forms and standard writes 

• program development time 

* automatic buffer declaration 4COBOL,SPLl 
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character block 

yes 

yes 

yes 

2 

yes 

yes 

yes 

yes 

yes 

2624 only 

no 

2624&2626 

I, more on 
2624&2626 

21124 only 

2624 only 

yes 

yes 

no 

yes no 

QEDIT/EDITOR FORHSPEC 

unlimited 128 

24 

none time consu1aing 

progr. only forms & progr. 

yes no 

yes no 

yes no 

easy difficult 

short longer 

yes no 
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IMAGE and ADAGER: The dynamic duo. 

F, Alfredo Rego and Fred White 

Adager 
Apartado 248 

Antigua 
Guatemala 

Telephone (502-2) 324333 
Telex 4192 Teltro Gu 

IMAGE/3000 is the database management system (DBMS) for the family of 
Hewlett-Packard HP3000 computers. ADAGER is the database-utility software 
system that complements and enhances IMAGE. 

IMAGE is a software product of Hewlett-Packard Co. ADAGER is a software 
product of Adager S.A. Both systems fit like hand-in-glove and are fully sup­
ported by cooperating research laboratories and field engineers in response to 
the needs of HP3000 users throughout the world: 

* IMAGE is licensed as part of Hewlett-Packard's MPE/3000 
fundamental-operating-system (FOS) and supported according to 
1-f P's standard maintenance contract. 

* 

* 

ADAGER is licensed directly by Adager S.A. and supported 
according to Adager's standard maintenance contract. 

A licensed ADAGER user who has contracted ADAGER's 
maintenance with Adager S.A. may, in addition, contract 
ADAGER support directly with Hewlett-Packard. 

The majority of the HPJOOO computers in the world run applications based on 
IMAGE. The managers of the most successful installations claim that if your 
application depends on IMAGE you must also have ADAGER. let us review some 
of the reasons that support this claim. 
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Quick review of IMAGE 

IMAGE is responsible for: 

obtaining access to a database (DBOPEN, protected by a formidable security 
mechanism that allows controlled access down to the field level); 
releasing access to a database (DBCLOSE); 
storing data in a database (DBPUT); 
retrieving data from a database (DBFIND, DBGET); 
modifying data which is already in the database (DBUPDA TE); and. 
deleting data from the database (DBDELETE). 

Since IMAGE ls a mature and reliable DBMS, it provides several facilities 
associated with: 

self-describing data (DBINFO); 
data-independence (various LIST constructs); 
concurrency control (DBLOCK, DBUNLOCK); 
logging and recovery (DBBEGIN, DBEND, DBMEMO, ILR, DBRECOV); 
user control over performance tradeoffs (DBCONTROL); and 
reporting of database-access errors (DBERROR, DBEXPLAIN). 

IMAGE also contains mechanisms for: 

describing the structure of a database (DBSCHEMA); 
creating and maintaining the database's performance and logging parameters; 
erasing and purging the database (DBUTIL); 
backing up and restoring a database (DBSTORE/DBRESTOR); and 
unloading and reloading the data from/to a database while allowing a limited 
variety of database-structure transformations (DBUNLOAD/ DBLOAD). 

Several Hewlett-Packard computers can be linked (either locally or remotely) 
to form computer networks. IMAGE, therefore, allows remote-database access 
controlled by strict security provisions. 
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All in all, IMAGE has qualities that make it a favorite foundation for the 
development of computerized applications that require: 

* reliability 
• concurrent access by many mixed processes, both on-line and batch 
• controlled access by means of a comprehensive security matrix 
* ease of use 
* logging (for auditing and recovery) 
* sharing of internal buffer pools 
* availability of data-entry systems 
* availability of reporting systems 
* availability of general database-maintenance systems 

However, ••• 

The very fact that IMAGE is as solid and reliable as a reinforced-concrete 
building makes it difficult to change its structures once they are "set". 

Enter ADAGER 

AD/\GER adds another dimension to IMAGE: Flexibility. ADAGER does a 
variety of transformations and related maintenance functions on IMAGE data­
bases while preserving the semantic meaning of the user's data. ADAGER does 
not need to unload/reload the database and it uses high-speed compression and 
data transfer technologies to minimize database-maintenance time. 

ADAGER strictly enforces IMAGE's rules and regulations by means of 
procedures that monitor, diagnose and repair database structural problems. 

ADAGER requires that the user's logon identification be of a level consis­
tent with the database's security and privacy. Only the database's CREATOR, 
logged in the database's GROUP and ACCOUNT can TRANSFORM the database. 
Other users can access the database in a browsing, non-transformational mode 
if they pass ADAGER's security checks (for instance, a non-creator must supply 
the database's maintenance word for a COPY function). Naturally, users with 
account manager (AM), system manager (SM) and/or system supervisor (OP) 
capabilities can access a database in well-defined non-transformational ways 
(like backing it up, decompiling it, copying it, etc.), according to these 
capabilities. This means that a system supervisor can back up a database but 
cannot decompile it, for instance. ADAGER treats capabilities in an 
inclusive-or fashion (i.e., a system supervisor can also be an account manager 
and/or a system manager). But ADAGER requires a user to have all the required 
capabilities in an and fashion before the performance of a given ADAGER 
function. 
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ADAGER is responsible for: 

Backing up and restoring one or more databases to/from an ADAGER-labeled tape 
set, using high-speed encrypting, compression and transfer technologies with 
16 K-byte tape blocks. It allows you to issue standard MPE STORE/RESTORE 
commands so that you can take care of all your backup needs within a single 
ADAGER module. 

Creating a database, allowing you to place each dataset In a specific disc 
class or unit. Naturally, ADAGER also allows you to move any dataset to a 
different disc class or unit if you think that would be advantageous for per­
formance reasons. 

Decompiling a database and producing a SCHEMA file which is compatible with 
DBSCHEMA and practically all HPJOOO editors. 

Cross-referencing and describing the elements of a database with entity numbers 
and buffer positions. 

Describing, adding, modifying and deleting the provisions for security and 
privacy that apply to database access according to IMAGE's user classes/ 
levels. Since passwords may have unprintable ASCII characters, ADAGER also 
reports the octal equivalents of passwords. 

Copying a database, optionally assigning a new name to the new copy. 

Renaming databases, datasets or data items (and their field references in 
datasets). 

Adding data items, datasets, fields, paths and the sort feature to paths. 

Deleting data items, datasets, all entries from a dataset (thereby erasing it), 
noncritical fields, paths, the sort feature from paths or entries from given 
path chains. 

Modifying the characteristics of data items (including items which are referen­
ced as search or sort fields in datasets). 

Sliding a data item up or down within the item table. 

Changing an automatic master to a manual master or a manual to an automatic. 

Sliding a set up or down within the set table. 

Changing the capacity of a dataset (master or detail). 

Changing the value of the search field in all the entries of a path chain 
(master chainhead and detail chain members). 
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Repacking a detail dataset according to its primary path (optionally redefining 
the primary path for a detail with more than one path). 

Repacking a master dataset according to its synonym chains. 

Reshuffling the fields within a dataset. 

Redefining the blocking factor of a dataset. 

Cremating a database (i.e., erasing and then purging all the disc space that 
was assigned to a database, including the root file). 

In short: 

IMAGE is a powerful and reliable database management system. ADAGER 
adds the flexibility dimension to IMAGE. Both IMAGE and ADAGER, when used 
together, constitute a very dynamic duo. When they perform on the Hewlett­
Packard HPJOOO family of computers they provide the most cost-effective 
foundation for the development of successful database-oriented computer systems. 

Have we forgotten something? 

If so, you may ask us during the interactiv.e session. 

Thank you. 
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I 

Database Techniques - IMAGE versa KSAM 

Introduct fon 
Since more than 10 years the users of HP 3000 systems have to answer 
the question of how to store their data in files. Two main subsystems 
are available. The first one - IMAGE - was introduced around 1975, the 
other one - KSAM in 1978. The purpose of this paper is to show the 
philosophy behind these two techniques, to discuss advantages and 
disadvantages and to give some hints of how to make a decision which 
database technique is the appropriate one for a specific solution. 

What is the basic idea behind IMAGE and KSAM? 
for many applications, data has to be stored on disc. Using MPE files, 
there are two basic methods to organize this data storage: 

Sequential Read/Write 
Indexed Read/Write 

During a sequential read or write, all records are accessed in an 
ascending order according to their location in the file. Accessing a 
file by index means that you have to provide a record number which 
identifies the location of the record in the file. 

Usually, data records contain several information items. Each information 
item can consist of one data type or a set of data types. 

As an example, let us consider that a company has to maintain information 
about 10 employees. The 4 information items to be stored in the file are 
a personnel number, the last name, the first name and the city, where the 
individual resides. 

PERS 
No. 

10 

15 

21 

17 

33 

35 

23 

27 

19 

36 

Last Name 

Miller 

Brighton 

Graziano 

Brown 

Smith 

Snider 

Mi 11er 

Benson 

Wood 

Landrum 

First Name City 

Nancy Houston 

Roy Houston 

Ilene Houston 

Charles San Antonio 

Paula Beaumont 

'Jim Houston 

Charles Houston ! 

George Brownsville 

Michael San Antonio 

Mary Houston 
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Each record contains 64 bytes of information. To store these records 
on discs, you could create an MPE-file like this: 

:BUILD PERS;REC=-64,4,F,BINARY,DISC=IO 

Since each individual is identified by the personnel number, which is 
unique but not necessarily in order, there is a problem, for example, 
to 'read the record containing information about Charles Miller. In this 
case, you would have to provide record number 6 (it is the 7th record, 
as records are counted starting from 0). This means that a table has 
to exist somewhere, where personnel numbers and their according record 
numbers are stored. Than, an access could be performed using the per­
sonnel number rather than the record number. It gets even more compli­
cated when you want to access the record by giving the city rather than 
the personnel number (for example, if you don't know the personnel num­
ber). The problem here is, that a given city may appear more than once 
in the file. 

KSAM as well as IMAGE provide a method to access records by key items 
rather than the record number in the file. In case key items are duplicate, 
they provide a facility to read all records containing the key item with­
out reading the file in sequential order. 

The basic difference between KSAM and IMAGE is the internal way of main­
taining the key items. 

In principle, it should be unnecessary for the user to know how KSAM 
and IMAGE internally work (except the user has a basic interest in 
database techniques). Unfortunately, however, in this case the internal 
methods of KSAM and IMAGE have a direct effect to their handling, disc 
space needed and performance. 

How does KSAM organize its key items? 
Provided that we want to access the data by personnel number and city 
we have to define two key items. 

Building this file is done using KSAMUTIL als follows: 

>BUILD PERS;KEYFILE=PERSKEY;REC=64,4,F.BINARY;& 
>KEY=B,1,4;KEY=B,45,20,,DUP;DISC=10 

In file PERS, the data is stored without additional information (similar 
to ordenary MPE-files). Information about key items and the key items 
themselves are stored in the so called key file PERSKEY. The key infor­
mation is just given by the location in the record and the length of 
the item. 
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And this is (simplified) the structure of the KSAM data and KSAM key file. 

PERS 

PERS 
No. 

10 

15 

21 

17 

33 

35 

23 

27 

19 

36 

last Name 

Miller 

Brighton 

Graziano 

Brown 

Smith 

Snider 

Miller 

Benson 

Wood 

Landrum 

16ouston 

first Name City 

Nancy Houston 

Roy Houston 

Ilene Houston 

Charles San Antonio 

Paula Beaumont 

Jim Houston 

Charles Houston 

George Brownsville 

Michael San Antonio 

Mary Houston 

f I Houston 

19 IOI San Antonio I 3 IOI San Antonio IB IO I 
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In the key file the items are stored in 'key blocks'. The number of 
items per block can be specified in the BUILD command and is in a way 
depending on the length of the key item. 

This structur of key item storage is known as B-tree. The leaves of the 
tree are the key blocks. They contain the key items followed by the re­
cord number of the data file. There are two pointers for each entry in 
the key block. One pointer in front of the key points to the part of the 
tree which contains key items less or equal to the items stored in the 
block. The pointer after the key item points to the part of the tree 
which contains key items greater or equal to the key item itself. 

When a record is accessed by key, the KSAM system first reads the 
'root block' to determine whether the key item is stored in the left 
part or the right part of the tree. In case the key item is unequal 
to the items stored in the root block, KSAM reads the next level of 
leaves to continue comparison. This is done until the key item is found 
or the lowest level is reached. 

It is obvious that the structure of key items in the key file has to be 
in alphabetic order. Therefore, the user can 

- read the data records in alphabetic order, 
- access information items which contain not all bytes of the item 

(for example only the first three bytes). 

How does IMAGE internally work? 
In case, the same information should be stored in an IMAGE database 
the user has to define the database structure by using the language 
of the schema processor: 

BEGIN DATA BASE PERS; 
PASSWORDS: 
ITEMS: 

SETS; 
NAME: 
ENTRY: 
CAPACITY: 

NAME: 
ENTRY: 

CAPACITY: 

NAME: 
ENTRY: 

CAPACITY: 
END. 

1 PASS; 
PERS-NO, 11 ; 
LAST-NAME, X20; 
FIRST-NAME, X20; 
CITY, X20; 

PERS-MASTER,M (1/1); 

PERS-NO (I); 
11 ; 

CITY-MASTER,M (1/1); 
CITY (I); 

11 ; 

PERS-SET,D (1/1); 
PERS-NO (PERS-MASTER), 
LAST-NAME, 
FIRST-NAME, 
DITY (CITY-MASTER), 

11 ; 

82-5 



2 
3 
4 

5 
6 
7 
8 

9 

4 4 
5 5 
6 6 
1 1 
7 7 
3 3 
9 9 
8 8 

IMAGE organizes its database in different privileged files. 
In our case there are the files PERS (the 'root file'), 
PERS01, PERS02, PERS03 (containing the information of the 
data sets). The root file contains information about the 
entire database, for example the names of items and data sets 
and their capacity. 

The data set files contain the information of so called master 
and detail data sets. The master data sets contain the key in­
formation, the detail data sets the data itself. 

The next picture shows the two master data sets and one detail 
set defined in our data base PERS. 

CITY-MASTER 

21 0 

33 
35 2 0 9 Houston 

23 a 
15 4 

27 5 

17 6 3fll San Antonio 

36 7 4 ~ Beaumont 

19 8 

9 

10 10 7 I Brownsville 

PERS-SET 

0 

1 
2 
3 

4 
5 

6 

7 

8 

9 

p O· J 10 Miller Nancy ~ouston 
p olf J 15 Brighton lifoy ~ouston 
po~ I 21 Graziano Ilene ~us ton 
p 0 17 Brown Charles jsan Antonio 
~ 0 33 Smith Paula ~eaumont 

~ 0 35 Snider Jim Houston 
10 o 23 Miller Charles ~ouston 

0 0 27 Benson George ~ownsville 
io· 0 19 Wood Michael San Antonio 
0 0 36 Landrum Mary !Houston 

10 0 0 
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It is essential to know how IMAGE organizes its key items in the 
master data sets. One data set contains. the data item 'Personnel 
No' the other one the data item 'City'. IMAGE uses a so called 
hash algorithm to access the master data sets. This hash algorithm 
works differently for character strings and integers. 

In our case, the personnel number is stored as integer. To access 
an entry in a master data set, a number is calculated to determine 
the location within the file. 

In case the key item is integer, the number calculated is simply 
a modulo, the capacity of the data set. 

In our case the capacity is 11. When the first entry is added to the 
master data set the location is 10 modulo 11 which is 10. So it gets. 
the 10th location (counted from 0) in the master data set. The next 
entry is 15 and its location is 15 modulo 11 which is 4. The next 
entry 21 has in principle the same location in the master data set 
as the first one (21 modulo 11 is 10). This case ts called a 'colli­
sion' which IMAGE has to take care of. This means that the next free 
location is determined which in our case is location O, starting 
from the beginning and a so called synonym chain points to the 
location having the same hash index. The key item 21 is stored in 
location 0 and location 10 contains a pointer to location 0 and 
location 0 contains a backward pointer to ldcation 10. In our example, 
the synonym chains are indicated in column 2 of the master data set 
'PERS-MASTER'. 

In case the key item is a character string the value is determined 
by adding a11 character values together and this value then is 
taken modulo the capacity of the master data set. 

It is characteristic for IMAGE that the data item is stored only 
once in the master data set even if it occures more than once in 
the according detail set. The detail set itself contains additional 
information (in our example colums 1 and 2 of the detail set) where 
records are linked together having the same master item. In the master 
data set, two pointers are maintained pojnting to the first and last 
entry of a 'chain' within a detail set having the same master item. 

Because of the hash a 1gor1thm, the data items in the master data set 
don't appear in alphabetic order. An other essential fact is that 
because of the hash algorithm the user has to provide all characters 
of a given string to locate the entry in the maste,r data set. In case 
one character is missing or misspelled, IMAGE will not be able to 
locate even an approximate location within the master data set. 

82-7 



Common arguments for/against IMAGE/KSAM 
The question 'KSAM or 'IMAGE' divides th~ users into three groups: 
One group telling you that they are never using KSAM, an other 
group telling you that they will never use IMAGE, and a third 
group which is not sure. Users who have a strong opinion about 
KSAM and IMAGE have basic arguments against or for a special 
method. Some of them I have collected and present them here 
with some comments. 

Argument one: IMAGE is more reliable than KSAM. 

This argument has basically two reasons: 

- KSAM files are ordinary MPE files, while IMAGE files are privileged 
files. 'Privileged' means that the data sets cannot be accessed via 
the file system for users who don't have privileged mode capability. 
The access to IMAGE files can only be done by the IMAGE subsystem. 
KSAM files can be opened by everyone with the so called 'NOKSAM' 
option. 

- HP has spent more efforts implementing IMAGE than KSAM. 
This concerns data security as well as performance. 

Comment: It might be true that IMAGE is some more reliable. 
It should also be considered that an internal error of IMAGE 
(destroyed pointer chains) causes more trouble than KSAM. In 
some cases, the entire IMAGE database is absolutely unreadable 
and has to be restored. In most cases, the KSAM data file is 
still accessable so that a backup is possible using the actual 
data. 

Second argument: IMAGE has a security system, KSAM not. 

IMAGE has a rather complicated system of password security. Entire 
data sets or single data items can be provided with two passwords, 
one for read and one for write access. KSAM doesn't have this 
facility. 

Comment: There is no question that an access security can be provided 
by program internal functions. This, in some cases, means additional 
implementation efforts, but there is the advantage that the user can 
build his own security structure which is more propriate for the 
according application. 

Third argument: IMAGE has more advanced locking facilities than KSAM. 

IMAGE mainly provides locking on database level, data set level and 
data item level. The locking functions are quite complex and not very 
easy to use for big databases. KSAM doesn't provide any internal 
locking facility. 
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Convnent: I have made the experience that there is nothing more 
misused than database locking. In many cases, there is no syn­
chronisation and in other cases, the entire database is locked 
although only a part of it is accessed. A main problem with data­
base locking is that a progra11111ing mistake is rarely discovered 
during testing. I myself prefer synchronisation of logical access 
functions rather than on database level which is applicable to 
IMAGE and KSAM and gives you a much better chance of testing. 

Fourth argument: KSAM requires more space than IMAGE. 

Unfortunately, this is mostly true. Although, there are cases where 
KSAM needs even less space than IMAGE - but this is an exception. 
The reason for this is: 

- The file system builds the KSAM key file much larger than it 
actually needs to be. The reason is that it is unknown to the 
system how the key blocks in the key file are filled. There has 
to be enough space in the key file when the KSAM data file is 
full and the key blocks are only filled 50%. 

- Doublicate keys in the data file are also stored double in the 
key file. When keys are repeated very often (like in our example 
the city 'Houston') the key is stored redundantly. 

Comment: It can only be said that more and more disc space becomes 
available for the same price. I, however, know that this, sometimes, 
does not solve the problem. 

Fifth argument: KSAM offers functions which IMAGE doesn't. 

Because of the different structure of IMAGE and KSAM, there are two 
main functions available in KSAM which don't exist in IMAGE: 

- KSAM allows access to data records when ogly parts of the key 
are provided. IMAGE always requires an entire key. 

- Reading a KSAM file sequentially gives the records automatically 
sorted after their primary key. This allows to use a lot of func­
tions like finding the next logical key in a row. 

Comment: It is true that in some applications the use of IMAGE 
leads to great inconveniance. There are tools available which 
allow the user to copy and sort records out of IMAGE databases 
into a sequential file but, of course, this means additional 
overhead. 
Sixth argument: KSAM files have to be unloaded and loaded again 

more often than IMAGE. 

The reason for this is the difference in handling so called deleted 
records. The basic difference between IMAGE and KSAM is that in IMAGE, 
once a record has been deleted, the space is reusable to the system. 
In KSAM the records are marked as deleted records and don't appear in 
the key file, but the space within the data file is lost and can be 
made only reusable by unloading and loading the KSAM file. 
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Conment: There are alternate solutions to the deleted record problem 
in KSAM. Deleted records can be marked as deleted by the user himself 
without actually deleting them, using the FUPDATE intrinsic rather 
than the FREMOVE intrinsic. Nevertheless, in many cases this means 
a dramatic decrease on performance. 

Seventh argument: Loading and unloading KSAM files takes a lot of time. 

Well, it takes a lot of time for IMAGE databases too, but in KSAM it 
is worse. The reason here is again the method of how KSAM adds records 
into a KSAM file. Adding a record to a KSAM file always means that the 
KSAM system has to go through the entire tree of the KSAM key file to 
get the right position for the key item. After this position has been 
found, it might happen that the key block, in which the key item has 
to be stored, is already full. In this case, a so called block split 
is performed which means that half of the block is copied to an other 
location within the key file, and, of course, all pointers have to be 
maintained. FCOPV, for example, is able to add approx. 10 records per 
second into an existing KSAM file with five keys defined. 

Conment: There is a software tool available (COPVRITE) which loads 
KSAM files up to 20 times faster than the file system does. In this 
case, KSAM files can be loaded even faster than IMAGE databases, 
using DBLOAD. 

How does COPVRITE work? 
COPVRITE takes a completely different approach to the problem of 
building KSAH files. Rather than perform several random access 
operations on each record (add record to data file, add keyl1 value 
to key file, add keyl2 value to key file, etc.), COPVRITE separates 
the process into multiple sequential activities. 

First, COPVRITE copies all records to the KSAM data file using very 
fast 1/0 techniques (no-buf, multi-record access). Next, COPVRITE 
sorts all values for key 11 using the system sort, and then performs 
a series of sequential writes to add this information to the key file. 
If more than one key is specified, COPVRITE repeats the sort operation 
for each additional key. 

If you choose to operate in privileged mode, COPYRITE uses additional 
techniques to improve performance. In this mode, COPYRITE extracts 
the key values for the sorts while copying the data file records. 
It uses no-wait 1/0 for maximum throuthput, and very fast memory 
operations to move data between the extra data segments used as 
buffers and the stack. 
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1"INGLER 
or 

What sort of life do programs lead at run-time? 

J,ance Carnes 
11ocl!f Company 
163 Linden Lane 

Mill Valley, California. 114041 U.S.A. 

ABSTRACT: Tingler is a run-time performance measure­
ment tool which shows the exact behavior of program code 
and permits significant performance improvements. U meas­
ures the run-time behavior of a program in a completely 
unique fashion: It Implants monitoring code Into your 
program Hie, then runa the program In Its normal 
fashion. The monitoring code, which runs in user mode, 
collects a file of data on every call to and exit from proce­
dures and COBOL paragraphs. This data is a.naly1ed off-line 
and a report is printed ahowing: the total lime spent in each 
procedure or COBOL para.graph; all calls into and out of each 
procedure or COBOL paragraph a.nd the frequeucy; and the 
grand Lota.I of calls, segment switches, time spent in user code, 
and lime apent in externals. Using this data, iL is possible 
to optimize frequently used code, reduce inter-segment trans­
fers, and make more efficient calls to externals and system 
intrinsics. The Appendix contains several sample analyses of 
test programs and HP software (COBOL and SPL compilers, 
and EDITOR). 

INTRODUCTION 
Progra.11111 which a.re used frequently should run efficiently. 'l)YC82 is a ted 

formatting/typesetting package transported from large 32-bit machines Lo run on 
the IIP3000, and while this system is run frequently, it does not run fast. This is the 
story of optimiaing 'JEX82 and, as it turns out, the story of optimizing any program 
on the llP3000. 
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The objectives were I} to find out where the time was being spent (wasted), and 
2) sec what could be done a.bout H. It was only aft.er ma.king several "guesses" as 
to the location of the bottlenecks in the system, implc111<mting the optimha.tions 
and getting virtually no payoff, that it became apparent some sort of performance 
monitoring tool was needed. Guessing is not a. bad technique, and it Is surprising 
how much you really know a.bout a. program's opera.Lion. lo:qually surprising is bow 
much you don't know, and this is where a. performance tool is needed to help out. 

What optlmlr.atlons can :you make? 

Given the existing computer hardware and opera.ting system, the goal is to ma.kc 
the best, most efficient use of these resources. Avoid unnecessary operations and use 
the best methods. 

Optimize procedural code. Program code which is executed frequently should be 
carefully done. Notice the term 'frequently'. H is not necessary to optimize e11er11 
module. Find the ones which are used a. high percentage of the time, and concentrate 
on these. In the case of 1}9(82, there are over 600 procedures, and it would take an 
extremely patient person to optimille ea.ch one. 

Avoid operating system overhead. On the HP3000, MPU: shares resources with 
multiple ta.ska running at the same time. Iu particular, memory resources for holding 
program code and data a.re swapped on a.nd olf the disk. If the data segment b 
kept 1mall as possible, there 16 less overhead to save off and restore this area when 
your process is inactive. If the slr.e of code segments la kept small less time 
is required to load parts of the program. Since the program code is virtual, and 
since MPE a.nd the firmware keep track of transfers needed between code segments, 
reduce the number of transfers between code segments. Since (nearly) all 
programs need to use system intrinsics, for example FREAD and FWHITE to read 
and write files, these lntrln1lcs should be used In the moat efflclent manner 
po111lble. 

Eliminate incorrect and unnecessary code. This means code which either gives the 
wrong answer or performs more iterations than needed. This is especially costly when 
it coupled with a. slow resource, for example, updating a. 1000 record Ille by issuing 
2000 FWHITEal 

What Information ls needed? 

Another way to put this is, if you are going to make a. difference in the program's 
opera.ting efficiency as discussed above, what sort of data. a.bout the program is 
required? 

To learn something a.bout procedural code bottlenecks, you need to know the 
location In the program where the most time la being spent. If your program 
has small modules, it is enough to know which procedure or paragraph is occupying 
the time. If your program consists of straight-line code, you will need to know the 
exa.d loca.tion(s) rather than the module name. 
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When trying to optimhe opera.ting system overhead several fa.ctou are needed. 
Data segment sbe may !Je rnduccd in various ways, including local declarations (if 
your programming language and compiler allow, e.g. COBOL 7 4 does not, SPL and 
Pa.sea.I do), keeping literals in the code s<~gmen& rather than in the data segment, and 
packing data as carefully as possi!Jle (e.g. PACKED types in Pa.sea.I). The relationship 
of code and the data re<tuired for execution of the code is a. complicated ,one. On the 
HP3000, where the maximum direct data area is 64Kb (too small for 1\9(82 which 
uses IMbl), this ractor is of less import than the following. 

Code segment size and inter-segment transfers, ir reduced, will improve per­
formance. Here it ht important to place the mosL often used code in &ma.II code 
segments, aud to place modules which call each other frequently in the 1a.me module. ~ 
To 011timize in this area, you need to know 1) the high-use modules, and 2) the W' 
most frequent Inter-module calls. 

When optimizing the use of 1;rstem lntrlnslc1, since you cannot (usually) rewriLe 
and re-segment them into your code Ille, you must find which ones you uae and make 
the best use of them. To optimize here you need to know which lntrln1lc1 are 
used, how often, which modulee call them, and how much time la spent 
executing them. 

Incorrect or uonnecessa.ry code need& to be detected and then eliminated. When 
U is discovernd, for example, that 2000 l<'WRITES a.re being iasued to update a 1000 
record file, the source of this should be tracked down and eliminated. But to gd to 
this point, you must first lind a. wa.y to detect that 2000 F'WH.ITE1 are being i11ued. 

F'or 011Limizing 'JW(82, the following were 1elected as the data needed: 

• frequency of module usage (since modules are &ma.II, this is sufficient); 

• frequency and location of Inter-module tranarers; 

• frequency and location of inter-aegment tranafers; 

• frequency and location of lntra-aegmeot tra.nafers (so that code 1egmeots with 
well-placed modules will be detected); 

• frequency a.nd location of calls to externals and aystem intrinsic&; 

• total time speut in ea.ch module or intrinsic. 

Optimizing the use of the data aegment bas been deferred in the C&Be or ~82. 
Data segment size was no& felt to be as hnportant as the above factors, since a virtual 
memory environment was construded which uses nearly all of the 64Kb data. aegment 
for the working aet. 

Finding the Bottle11eck11 The Artful GueBBlng Game 

When you want some answers, the llrst inclination is to consult the ex11ert&. The 
following ii an example of the gospel on program J>erforma.nce. 
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Program code which is not logically segmented makes it harder for 
the memory manager to do Us job, causing disc accesses to be used 
for unnecessary swaps. Proper code segmentation is a com1>lex topic 
(more like an a.rt than a science), but here is a simpliOed training 
course: wrUe modular code; don't segment unm you have 4000 words 
of code; Isolate modules that seldom run; Isolate modules that onen 
run; aim for 4000 words per segment, and group modules by "time• 
rather than "function;• if you reach 63 segments, increase segment 
~ize, but keep adive 1egments smaller than Ina.dive ones. 

(Robert M. Green, "Overview of Optimizing (On-Une and Batch)". 
From Proceeding•, 1982 h1ternatlonal Meeting, HP3000 IUG.) 

..'c;:" While the rules suggesled here are indisputable, no meuurement technique i1 
ofered for finding "modules that ofteo run• or for locating modules that occupy the 
mod time. Consider also the following. 

The oldest method available to the designer to segment bis/her 
application code is to use the eye. Thia technique is dependent upon 
the experience of the individual using U. It is prone to error. 1'he 
technique Is Ume consuming. It la always biased. 

Placing counters in the code la a way of gathering information to 
help in the determination of appropriate segmentation. By judicious 
placement of the counters, we m11.1 ddermine an execution profile to 
a88i8' ua in proper segmentation. However, this technique is fraught 
with problems as well. The counters need to be initialized; they will 
need debugging; they will require .ta.ck space; and they will Interfere 
with execution. 
(Kim Leeper, "LOOK/3000: A New Real· Time System Performance 
Monitoring Toor. From Proceeding•, 1982 International Meeting, 
HP3000 IUG.) 

"Counters in the code" seems to be exactly what 11 required to collect the data. 
needed for optimisation, yet here we are warned away from this technique. Tingler, 
in fa.ct, uses Jud such a technique and the inherent problems have been overcome, u 
I• shown below. 

What Information la provided by performance monltoHf 

Of the available tools for local program optimisation (as opposed to total sydem 
optimization) there 1eemed to be two types: 1) static analy&el'8 a.nd 2) sampling 
monlto1'8. 

Static analyzen u1e 'he source listing or the object Ole to report information 
about a program. Typically they will eroBB-referenee all procedures and ca.1111 into 
a.nd out of them. They may also abow calling hierarchies, data references, number 
of times a. particular instruction is used, a.nd more. While these are useful, they 
a.re static a.nd do not reHed any of the characteristics of &lie performing program. 
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Two examples of static analyzers are PROGINFO and PH.OGSTAT from the IIPIUG 
Contributed Library. 

Sampling moniLors are programs which are executing at the same time a.s the 
program being measured. At regular time intervals, the sampler interrupts the 
target program and records the location in the program when the iMerrupt occurred. 
AfLer a. large number of samples have been ta.ken, a statistical graph may be drawn 
showing the relative frequency of execution of various parts of the program. These 
locations may be matched up with symbolic names, linking them back to the source 
11rogra.111. LOOK/3000 (Wick Hill ABBocia.tes) and APS/3000 (Hewlett-Packard) a.re 
two examples of sampling moniLors. 

Samplers provide valuable data, but not enough to indicate where re-segmenLation 
may provide a payoff. IIP wrote this about APS/3000: 

For resegmentation purposes, APS/3000 will allow you to estimate 
the number of transfers of control between segments during program 
execution. Because iL is a statistical sampling technique, APS/3000 
assesses system operation at pre-set time intervals, rather than con­
tinually. Thus it will not provide the exact number of transfers, nor 
can it tell you specifically what to do to make your segmentation 
more elncient. 
(MPE Segmenter Reference Manual, Part No. 30000-90011. HewleU­
Packard Company, 11/82) 

If you glance back at the data needed for optimization of ~82, ll ls a combina­
tion of the items from static analyzers and monitoring samplers. We want a cro88-
reference of module linkages, both forward and backward. We need also the actual 
run-time call frequencies, and time s11ent in each module. If the monitoring sampler 
could 1111t a frequency count and elapsed time on the cross-reference produced by the 
static a.na.lyier, we would have fulfilled nearly all the requirements. 

fie viewing the required information, listed previously, what are the raw data. items 
that need to be collected a.t run-time? U turns out a.II of the information required 
could be reduced from data. on 

1J> procedure and paragraph transfers, where they were ca.lied from and where they 
call to; and 

IJ> the processor and elapsed time when ea.ch of these events occurred. 

Using this data., it is possible to reconstruct the factors needed: frequency and 
location of a.II transfers, and time spent within modules. The question now becomes, 
how can this data be collected? 

The first idea. was to have the compiler emit monitoring code for ea.ch procedure, 
or use a.n automated tool which would insert code into the source Ille. This aeemed 
to be a complicated method, and others were considered. 
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Another idea. was to use the TRACE bit in the PCAL and EXIT microcode. 
In fact the product TRACE/3000 from HP uses this, and for SPL a.nd FOHTRAN 
will show a blow-by-blow trace of a program, its module transfers and data values. 
TRACE/3000 does not show timings, and even if it did, it is not certain the actual 
program timings could be distinguished from TRACE/3000 overhead. 

Then, one clear day, an idea presented itself which would allow collection of the 
data in a clean and reliable manner. This idea. also had the side tdfect that it would 
work with any HP3000 Program file. 

Every program file on the HP3000 consists of one or more code segments and 
hansfers must be made between these code segments. Tbe HP3000 architecture relies 
on a Segment Transfer Table (STT), a list of connecting code segments and entry 
points which lies at the end of each and every code segment. Whenever a PCAL is 
executed, the firmware finds the segment number and entry point in the STT, and 
then causes a transfer to that point. 

Tpatcher, the program which implants the monUoring code, places a copy of 
U in ea.ch code segment, and then revectors the STT list so that the monitoring 
code is executed instead of taking the norma.1 transfer. Once in the monitor code, 
the required data ls noted (called-from address, dedina.tion module, and time of 
occurrence). The actual transfer is then executed. 

Paragraph calls in COBOUI (COBOl,H compiler) are handled in a ditTerent 
manner, since they do not transfer via the STT. The machine instructions which 
handle the transfers are trapped using a ditTerent technique, and the requisite data 
about the tranafer is noted (called-from addr, called-to segment and addr, and time). 

There are several advantages to this method. 

"'° No special compiles or PREPs are required; 

"'° It will analyze programs with or without any supporting symbolic data (e.g. PMAP 
or compiler listing); In fact, system utilities 1uch as compilers, editors, ted for­
matters, file copiers, as well as applications may be monitored using only the 
Program Flle (see the Appendix); 

"' The method is clean, and no guesswork is required to locate the PCALs and EXJTs, 
since they are trapped at their natural execution location, the STT. 

"' Since the monitoring code resides in the code segment no inter-segment transfer 
is required to do data collection. In addition, this makes it possible to accurately 
measure the overhead of the monitoring code. 

"' Since every transfer is intercepted, the resulting data is a precise picture of per­
formance, and not a statistical estimate a.a is gotten with sampling monitors. 

Capturing the data is one thing - analyzing it Is another. An analyzer, called 
Tlyzer, has been implemented which reports: 

"' For each segment, the total time spent, location and frequency of transfers Into 
the segment and out to other segments and intrinsics; 

83-6 



.,. For each procedure, the frequency and location of calls into and out of the proce­
,ture, and the total time spent (PMAP must be supplied); 

"' l~or each COBOL paragraph, the frequency a.nd locaUon or ca.Ila into and out of 
the paragraph, anJ the total time spent (COBOL compil1:r MAP listing a.nd PMAP 
must be supplied); 

.,. li'or each transfer frequency reported, those which require a code segment transfer 
a.re noted with a.n asterisk; 

"' A grand total of: procedure calls, paragraph calls, external• calls, inter-segment 
tranBfers, and the time spent for ea.ch. 

I•'or a sample report, see the Appendix. 

What Optimizations Will TINGLER Permit? 
The following explains the optimizations which can be achieved a.s a result or 

analysis by TINGLER. 

Procedural code botLlenecks are noted at the module level. If your code is modular, 
this is cloBe enough to to permit Inefficient code to be identified. (If you notice 
a particular section of code is inefficient and if your code is not modular, or the 
compiler you use does not produce modular code, Tingler will not be able to pin­
point the exact location(s).) 

Code segment switches may be deteded (even in absensc of any supporting sym­
bolic data, e.g. program listing or PMAP). Any program may be analyzed for trans­
fers between segments, and transfers to externals or syatem intrinsics. This data 
a.lone may be sufficient to indicate that no further opUmiza.Uon is needed (e.g. if 
there is only one code segment, or if all significant time is spent in intrinsics). It ma.y 
show that work is needed lo beUer segment the applicaUon, or ma.kc better use of 
externals a.nd intrinsics. 

Incorrect or unnecessary code may be delected and removed or corrected. The 
programmer may use the information provided by Tingler a.nd verify that it rellects 
the intention of the program. For example, if H is noticed that 2000 FWRITES 
are being called to update a file having only 1000 records, the discrepancy must be 
resolved. The double writes may be justified, and they may not. 

A useful side-effect is using Tingler to track down bugs. Since it operates by 
recording a full trace of program Bow, the programmer may play back the events 
blow-by-blow to determine where the logic bas gone awry. 

There will always be a need to know more about the run-time behavior of com­
puter programs, in order to optimize their performance and verify their function. 
Static analyzers and sampling monitors are useful but limited, especially in the 
IIP3000 environment where virtual code management is integral to the hardware 
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and 1oftware. 

Tingler fulfills &he need to know &he exac& program Dow ·relative &o time. Tingler 
permits resegmentation of programs by giving precise accountings of execution time 
and frequency. Tingler also permits veriDcation of program function, and location of 
program logic errors. 

Appendix 
Here are some examples of the reporll produced by Tingler, version 0.1. Tingler 

Is dill under development, and there are some important reBnemen'8 yet to be made. 
AB you look over these samples, keep these points In mind: 

II> All tlmlnga lnclude Tingler measurement overhead. This is fairly signiOcant 
(200 microseconds per event), especially for poorly segmented programs or pro­
gram• which make a large number or transfers. In the next version of Tingler, U1i1 
overhead time will removed from the adual times, and a more accurate picture will 
result. Note, however, that &he times given here, while inftated, are each inflated 
by the aame amount. Therefore, &hey may be used as a relative measure. 

11> Fractlona of mllllaeconds were not meaaured and rue therefore not 
precise. Note that the timings listed are in frac&ion1 of milliseconds. They will 
add up to give the totals tilled in the Grand totals, for example, all segment times 
will add up to the exad total processor time. The reason fractions were kept Is 
that many procedures execute in leSB than one millisecond. When the processor 
clock changes, the events which occurred since the lad clock change are each given 
their increment of the millisecond. For example, If evenb ABC occur within one 
millisecond, events A and B are given 0.33 ms, and event C is given 0.34 ms. This 
way, procedures which hardly do anything, but which are called many times, will 
1how up. 

11> COBOL paragraphs are not yet itemized. They are currently trapped by the 
monUor code and wrlUen to the run-time data file, but are not analyzed by Tlyzer. 
The next version will include this feature. 

You are welcomed to communicate to me any suggestions or comments on any 
aspect or Tingler. 

Lance Carne1 
'lllX!!fCompany 

163 Unden Lane 
Mill Valley, CA 04041 U.S.A. 

Tel: (415) 388-8853 
Telex: 010-481-0421 
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..... .... .... .... 
•••• •• •• .... .... .... .... 
•••• 

The fir st t11,10 el(aiirJ,ll"!~ are si111ple aod ere intended to illuslrale 
Hn9ler's h1"K:liCK'I . 

The fol lo1.o1in9 SPL prograra was used for tt.e test . 

The first c-xample has no Pf'W available, and 5hows perlor11ance 
by SE-9'11erit . 

The sec<>r•d exan1ple uses the PtlOP and 5hows a fur-th.er breakdololn 
by segtneflt. ft,-. ~.t ·1·t • 

begin << spl test >> 

intrinsic proctinte,clock; 

$control se9"1enl • 15e9'clocks 

procedure get 'proctii.e: 
be9in tos : .. proctirae; 
end; 

.... .... . ... 
• ••• . ... 
• ••• . ... .... . ... 
•••• .... . ... 

a,;l r111f; Ct. octr.:. 

00000 0 
00000 I 
00000 l 
00000 l 
00000 I 
00000 l 
00000 I 
00000 I 
00002 2 
00000 I 
00000 l 
00000 1 
00002 2 
00000 l 
00000 1 
00000 l 
00000 l 
00000 1 
00000 2 
00006 1 
00012 3 
00014 3 
00(•16 2 
00000 I 
00000 I 
00000 l 
00000 1 
00001 1 
00001 I 

procedure get 'clock; 
begin tos :• clock; 
end; s ( ' .. ,. f' I• 

$control aegr1ent""!!'leg'caller 

procedUre caller; 

bel~~ l"'.=9i' ~1 u 1000 oo ;tNr' I/ ~ 
be~iri get 'proctine; 

end; 

1f logicel(i) then get'clock « every odd tirfte >> 
end; 

Scontrol 5egntenl•r1ain 

coller: 

end. 
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---------·-----------·-·----.... 
••U Exampl~ 1. Pt1AP not available. .... .... 
•• Tlyzer vers 0. 1 (c) TeXeT Co. 1983 tt 

PrQ9ra111 file analyzed: TUGTST .PASCAL TEX 

•••• N<l PMAr available Ht• 

Key to Syrabols: 

Se9 - Code SegRl'!nt Proc - Proceduf·e Ext ~ Exte11lal or Inti insic 
+ - Indicates that code segntent transfer ll!las r1eeded 

Se9 ( 0) 

Nunber of Ti111es Called By: 

Huitber of Cat ls To: 
S<lg ( 1) 

Seg ( 11 

~er of TirMs Called By: 
Seg ( 0) 

Nunlber of CalJs To: 
Seg ( 2) 

Seg ( 2) 

Nulber of Ti11ea Called By: 
Seg ( 11 

Nt.Jllbtr of Calls To: 
E_, ( O l PROCTll'E 

(¥00) total tJrae (115) • 42.11 (6.51 Xl 

1• Ext ( 2) TERHINATE' 

(X01) total tine (IH) • 147.32 (22.73X) 

(¥02) total ti11e (11s) • 307.64 (0 .48 X) 

• 1500• 

• 1000 Ext ( 1) 'CLOCK 

.... . ... . ... 

500 

••••••••••••••••••••••• 0 •••••••••••••••• 

•••••ouu .... •••••• 
Ext ( 0) MOCTit£ total ti•e (111s) • 96.22 (14.85 X) 

tluniber of Ti11es Called Br: 
Seg ( 2) ..................... 

Ext ( 1) CLOCK total ti11e (11s) • 54.66 11.U Xl 

Nurlber of Ti11es Celled Br: 
S.,g ( 2) • (5oo 1 

••••••••••••••••••••• 
Ext ( 2) TERMINATE' total tinMt C•s) • o.oo 

Grand totals: 

Totel proc•saor ti•e (•s> • 641 
TJ.rae in user code (11s) • 491 
Time ir. externals (1115) • i51 

Total elapsed ti11e• 1200 
Total I procedure calls• 3001 
Total inter-!Seec-ent transfers• 3003 
I Process interruptions• 15 
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...... h·ur•ple 2. Pl10P avdilal>le. ..... 
,.. T Jyzer vers O 1 (t.:) TeXeT Co. 1983 •• 

Progrnm file ill)alyzed; lNGlSl .J>RSCAl .. TEX 

t<ey to S.y1nt1ols: 

Scg (ed.-~ 5e·}'Pt''':nl Proc - Pro<:iedure Ext - Extenial or lntr1nsic 
• - lndical"!5 that code segn1":.'11t transfer was needed 

Se9 ( O) MHIN (%00) total ti.-e (ns) • 45.01 (6.95 S:) 

Nuraher of limes Called By: 

Nunber of c~u~ To: 
Seg ( 1) SEG'CALLER 1• Ext ( 2) TERMINATE' 

.... . ... 

...................... 
Proc ( 0) 00' XO!.l. :xooooo total ti111e (t1s) • 45.01 (6.95 X) 

tLllber ol Ti111es Called By: 

...._,mber of Calls to· 
Proc ( 1) CAI LER 

Seg ( 1) SF.G' CALlfR 

f4unber of Times C.::tl led By: 
Seg ( 0) HAIN 

Uu111ber of Cal ls To: 
Seg ( 2) SEG'CLOCl<S 

Ext ( 2) TERMIHATE' 

(101) total ti111e (ns) • 152.11 (23.U I) 

..................... 
Proc ( 1) CALLER 101 100000 total tirte (1") • 152.11 (23.41 l) 

MJ11ber of T in1es Cal led Sy: 
Proc ( 0) OB' 

f'lunlbier of Cal ls To: 
Proc ( 3) C.€T'PROCTlt1E 

Seg ( 2) SEG'CLOCKS 

Nut11ber of Tintes Called By: 
Seg ( 1) SEG'CALLEA 

Nl_Jflber of Calls To: 
Ext ( 0) PAOCTIME 

..................... 

• 1000• Proc ( 2) GET 'CLOCK 500• 

(102) total tinae (•:s) • 295.91 (45.67 X) 

- 1000 Ext ( l) ClOCK 500 

Proc ( 2> GET'CLOCK 102.xooooo total tinte (Jlo!S) • 101.89 (15. 12 l) 

Nun1ber of Times Called By: 
Proc ( 1) CRUEA 500• 

Nunber of CalJs To: 
Ext ( 1) CLOCK 500 ...................... 

Proc ( 3) C'>ET'PROC.TltE X02.X00003 total ti.nte (119) • 194.01 (29. 95 X) 

f+ .. mibo:t of Times Called By: 
Proc ( 1) CALLER • 1000+ 

t-l111beo of Calls lo: 
Ext ( 0) J>ROCTU£ • 1000 

••••••••••••••••••••••••• -6 ••••••••••••••• ..................... 
E><t ( 0) PROl.IIME 

Nl..tllber of T i .. e~ Col led By: 
Proc ( 3) GET'PROCllME 

·······••t••········· 
Ext ( 1) CLOCK 

~1ber of Tiflles Called By: 
P1 oc ( 2) GET 'CLOCI< ........................ 

Ext C 2} TEHMINl-HE' 

Grand totals: 

Total p1·ocessor ti111~ (Ills) • 
Time in user code (OIS) "' 
r ir•e in external$ (1'115) • 

lotal elapsed t ir~e" 
Total I procerfl..Jre- c"lls'" 

total tin:oe ( .. !!l) • 

• 1000 

total tinie (1t.s) • 

500 

total t it11e (115) • 

648 
493 
155 

1631 

Total inter-seg111ent transtcn5"' 
I Process interruptions" 

3002 
3003 

18 

102.44 (15.11 X) 

52.48 <1.10 l) 

0.00 

I -t ( 

J/, ('I . ( /II 

'·' I i'' ~ )' /'•t 
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.... .. .. 
•• •• COOOL t:onipi ler. • .. . .... . .. . 
•••• This is an anal)'sis of a 1600 50Urce line compile. tut .... .. .. 
uu Ungler show5 that this is a wel1-se911ientl!d prograa, •••• 
•• u for the ftlvst part. uu .... . ... 
t+u Note the well-se1J11ented parts. and the poody-segrtented parts. •••• .... . ... 
ou Thie is a partial printing. U space allowed in tt1is publication, +Ht 
•••• you would see perfor11anCe data for all segments erd extel'nahl. tt+t 

tt flyzer vers 0.1 (c) TeXeT Co. 1983 tt 

ProgrM file analyzed: COOOLIJ .PASCAL. TEX 

Utt No Ptff available Utt 

key to Sylllbols: 

Se9 - Code Segilent Proc - Procedure Ext - External or lntr iosic 
• - Indicates that code segnient transfer was needed 

Sea 1 or 

..._,er of Ti.aes Called Sy: 
Seg ( OJ 
Seg ( 18) 
!ilo9 I Ul 

Hunt>er ot Calls To: 
Seg ( 01 
Seg ( 181 
Seg ( 211 
Ext ( 531 FC1£CK 
Ext ( 55 I FGETihFO 
Ext ( 57) FRE<llOlR 

Seg ( 11 

lt..Jnber of Ti11es Called By: 
Seg ( 01 
Se9 I 21 
Seg ( 4) 
Seg I 81 
Seg ( 10) 
Seg ( 12) 
Seg ( 14) 
Seg ( 16) 
Seg ( 201 
Seg ( 221 

Seg 241 
Seg 281 
Se9 311 
Seg 33) 
Seg 35) 
Seg ( 431 

~r of Calls To: 

~:y l 5g STRCKSIZE 
Ext ( 56) Fl<RITEOIR 

Seg ( 11 

Nunlber o( TiJtes Called By: 
Seg ! 11 
Seg ( 251 
Seg ! 391 
Seg ! 411 

Nuniber of Calls To: 
Seg ( II 

..................... 
E>o::t ( S6) Fli!RITEOlR 

Ni.nber of Ti11e5 Called By: 
Seg I 0) 

..................... 
Ext ( S7) FREACOIR 

MJrlber ot Tirae~ Called Sy: 
Se1 ( 0) 
Seg ( 19) 

Grand totals: 

'fotal processor titlle' Cras) "' 
T tme in user c .. "lde (fl5) • 
1 ifft'! in f!''Kte-rnals (JtS) • 

total elapsed time= 
Total I pror.edure C.llll5* 

(100) total tl..e (11s) • 1111.29 11.90 XI 

. 3040 Seg . 131&• Seg 
2• Seg 

. 3040 Seg 
4• Seg 
1• Ext 
I Ext 
2 Ext 

82 

4) 
191 
231 

II 
191 
521 FOPEN 
541 FCLOSE 
56 I FWRITEOIR 

86• 
24• 

!59• 

4• 
4• 
2 
I 

105 

0:01) total U1ae (•s) • 14483.01 (15.11 XI 

.. 
500• 
4540 

3• 
• 1311• ,. 
11111 3281• 

3• 
291• 

IG• 

I• 
1• 

• Ufil• 
31• 
1• 
1• 

• 38681 
21 

341 

Seg 
Seg 
Seg 
Seg 
Seg 
Seg 
Seg 
Seg 
Seg 
Seg 

Seg 
Seg 
Seg 
Seg 
Seg 

Ext 
Ext 
Ext 

I) 
3) 
5) 
9) 

11) 
131 
151 
191 
211 
23) 

( 27) 
( 29) 
( 321 
( 34) 
( 421 

501 OLSIZE 
521 FOPEH 
511 FREFIOOIR 

~H~ 
• 3696• 
• 1131• •• • 2462• 
• 4640• 

261• •• • 1481• 

•• 1• ,. 
• &045• 

155• 

13 
3 

583 

(201) total tiflle (as) • 10371.20 (10.81 i1 

• 12605 Ext 50) OLSIZE 

total tiMe (IHI) • J.390.93 (1.46 X) 

105 Se9 ( 1) 

total ti11e (nts) • 1945.44 (2.04 X) 

tiZ 
I 

95391 
88804 

Seg ( 1) 
Se9 ( 42) 

u• 
&l• 
It 

349 

583 
4 

, , . 1r1· < 1 -' 

fotal int~~~segtn'!nt trao!;fers .. 
I PrQcess tr1terruplior1is~ 

0~87 
19l265 
349074 
252831 

3101 
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••u SrL co111pile1 •••• .... . ... 
•••• This is the analysis by Tmgler ol tt 585 source Jjne <::on1pll1!. u•• .... . ... 
ttn lt.ou':Jh r-neh~lly wE-ll· se•;,ntented, there is still a lot of •••• 
•••• U11a·:>hin9 lietwe~n cnde se\1111er1t5. •••• ..... ..,,. 
tt r lyzer ver:s 0.1 (c) Tc-XeT Co. 1983 +. 

Pro91,a,1 tile onaivzed: S.Pl.PLO.SYS 

•• U No Ptlf.P available tu+ 

ti;ey tQ S)lflbols: 

Scg - Codt! Se9111ent Proc - Procedure f)l(t - txternal or lntrinsic: 
• - Indicates that code S~9fl"!'Ol transfer was needed 

~ 
·.z 

- - "l- 3_ 
Seg ( 21) (%25) total t inie (•S) • 425. 32 (3 .84 S) 

Hu11ibe1· ol li .. 'l!s Called By: 
Sea ( 0) 19• Seg 3) 
Se9 I 4) 84' Seg 5) 
Seg ( 7) 1• Seg II 
S@g ( 9) 31• Seg II) 
Sea ( 13) 13• Seg 15) 
S•g ( 18) 174t Seg 21) 
Seg < n> 

Nuoher of Calls To: 
11• 

Sey ( 21) 845 Seg 22) 

- - .. - - - --------
Seg ( 22) <•2&) total tine (•s) • 3251. 30 (30.20 X) 

Hutlber ol Hiaes Called Uy: 
Seg ( 0) 
Seg ( 2) 
Seg ( 4) 
Seg ( 6) 
Seg ( 8l 
Seg ( 10) 
Seg ( 12) 
Seg I 14) 
Seg ( 16) 
Seg ( 19) 
Seg ( 22) 
Seg < 24) 
Seg ( 28) 

Nunlber of Calls lo: 
Seg < 21) 
S•9 ( 23) 
Ext ( 17) F""'lTE 
Ext ( 25) FlllRllEDlR 

. . 

1• 
14 

250• 
&31• 
364• 

49• 
481• 
197• 

BO• 
13 .. 

4792 
1031• 
865• 

11• 
25• 

833 
164 

Seg ( 1) 
Seg ( 3) 
Seg ( 5) 
Seg ( I>' 
Seg ( t) 
Seg ( 11) 
Sog ( 13) 
Seg ( 15) 
Seg ( 111 
Seg ( 21) 
Seg ( 23) 
Seg ( 25) 
Seg ( 29) 

Seg 22) . 
Seg 24) . 
Ext 24) FREAOOIR 

SP.g ( 28) (~34) total ti11e (ms) • 1111. to (16. 58 •> 
t&.Jnber of Tltae!!i Called By: 

Seg ( I) 
Seg ( 3) 
Seg ( 5) 
Seg ( 9) 
Seg ( 11) 
Seg ( 15) 
Seg < 19) 
Seg ( 28) 

290• Se9 2) 
61+ Seg 4) 
31• Seg I> 

815• Se9 10) 
423• Seg 13> 

6.t• Seg 11) 

Nurlber of Calls To: 

:C-st~:!, ~~ m 
'-.._. .. ··,, .... - ·--··· 

Seg < 22) 
Seg ( 28) 

• -•&5!. .... ~--s;g ( 25) 

~~~) 

............... ] .... 
Ext I 24) FREROOIR 

Nunber of Tinaes Called tty: 
Seg ( 12) ...................... 

[)( t ( 25) FWRJTEDIA 

Nurlber of Tifk!:5 Called By: 
Seg ( 22) 

Grao"'ld totals: 

total tiMe (as) • 

132 

total -tL•e (115) ""' 

1ti4 

"Jotal processor th1e (r.s) • 10184 
T fo1e in user (.odP. (•s) • 8618 
T lnte in externaJs (115) ;11 21H 

Total elapsed tii.e• 5'.'J404 
total I procedure call5• 31l48 
lotal lnter-segntenl transfers• 27139 
I Process int~r ruptions• U3 

316.21 (3.58 X) 

425.12 (3.14 X) 
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Uo EOJTCIL 
•••• 
tttt This i'!l the anely~is of the lollowing operation: 
•••• ••t t TEKT A; GATHER Rll ; KEEP 8 •••• 
t Ut Cen ·you e:xplein why FOPEH is called 13 tinies·? •••• 

! •• Tlyzer vers 0.1 (c) TeXeT Co. 1983 •• 

Progr• file enalyz('(I: EOITOR.PllB.SYS 

•••• No PtlAP available: +t•• 
Key to Syllbo ls: 

.... . ... .... . ... .... .. .. .... . ... 

Se9 - COde Seepttent Proc - Procedure [xt - External or Intrinsic 
t - Jnc:Ucates that code segnrent transfer 1.185 rieeded 

____ l _______ _ 
Seg ( 3) 

Nuniber of liraes Called By: 
Seg C 3) 
Seg ( 8) 

tulber of Calls To: 

Seg 

Seg ( I) 
Seg ( t) 
Seg ( 11) 
Ed ( 21) FREEDSEG 
Ext ( 29> FGETll'FO 
Ext ( 30 fClOSE 
Ext ( 38) FCHECk 

( 11) 

,._, ol Tii•• Called By: 

~ 
( 3) 
I 71 

Scg ( ,., 
.tu.her of Cells To: 

Seg ( 11) 
bl ( 27) FREACOIA 
Ext ( 32) FllEAD 

------------_1 _ ----
003) total tinte (nis) • 1218.34 

515 
I• 

Seg 7) 

H5 Seg ( ., 
-~ Seg 

( JO) 
• 323• ':')Ext l 18) ZSIZE 
• E)(t 20 llASCU 

I Ext ( 33) FOPEN • Ext ( 36) DATE 'LINE 
1 Ext ( 39) FWRHE 

(113) total ti11e (tas) • 1423.&& 

:G3~:i) Se9 ., 
Sog II •• Seg 11) 

I Ext 0) FWRITEDIR 
131 Ext 29) FGETINFO 

1 Ext 39) FWRllE 

<21.31 XI 

5• 

2• 
3• 
3 

585 
1 
I 
5 

124.10 XI 

6• ,. 
I 

613 
3 
3 

•••••••••••••••••••••••••••••••••••••••• 
..................... 
Ext I 0) FMRITEOlA total t.i.• <•s) • 

IUlber of Tl,... Called By: 
Seg ( lll 113 

..................... i 

..................... 1 
Ext ( 21 l FllEACOIR total ti.• (as) • 

t~r of Ti111e.s Called 8y: 
Seg ( 11) 137 

....................... ? ..................... ., 
Ext ( 32) FREAD total ti..e (Mi) • 

1 ...._,.r of T.iae.s Called By: 
Seg ( 0 Seg 

.•................... 
Ext I 33) FIPEN total tirte (ras) • 

.Nurlber of Ti..es Celled By: 
Seg ( 3) 
Seg ( I) ...................... 

Seg 

EKt ( 34) FCLOSE total t.in.e (as) • 

Nlnbe r of T inteti Cal led By; 
Seg ( 3) 
Seg ( ll 

..................... '"1 

..................... j 

Seg 

Ext ( 31) FWRITE total time (1'115) • 

fft..eber of Tinies Called By: 
Seg ( 3) 
Seg ( Ill 

--·---------
*"totals: 

., processor tinie (111s) • 5117 
Tijae ln user code (Ms) 2911 
T Jnie in externals <•s) • 27C6 

Total dapSP.d time"" 35858 
Total I r-rocedure c.tlls• 7692 
loteil int~r .. Se';11ent tran'Slens• 8121 
I J'.-1v.e-s5 1r1tierruptiort<s• 60h 

Seg 

751. 71 (13.15 I) 

627.49 (10.18 I) 

48.50 ( .15 I) 

I II) 

314.63 (5.50 ., c:-------
4) 

351.&8 (6.15 X) 

., 

277.24 (4.15 I) 

4) 74 
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