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System Reference
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Source Entry Utility Guide
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Data File Utility Guide

Sort Guide
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Overlay Linkage Editor Guide

System Measurement Facility Guide
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About This Manual

Who should use this manual . . .

This manual provides programmers with information needed to design and develop
application programs for System/36. It also describes the system components and
how (in general terms) the system works.

How this manual is arranged . . .

This manual contains the following chapters.
Chapter 1 does the following:
« Defines applications and programs.
« Introduces the system’s productivity aids and programming tools.

« Provides a simple explanation of how the system works and what its
components are.

« Provides brief explanations of the application components that the
manual will help you design and develop.

Chapter 2 provides an overview of the application design process. It also describes
each step of the process in moderate detail.

Chapters 3 through 19 provide concepts, design guidelines, and programming
guidelines for the various application and system components.

Chapter 20 describes ideographic character concepts and considerations for the
ideographic version of the SSP.

Chapter 21 provides a summary of the major considerations presented in the
manual.
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Appendix A describes access algorithms that can be used with direct files.
Glossary provides definitions of terms used in this manual.

So, if you are about to design and program your first application, read Chapter 1
and Chapter 2 before you begin, then refer to Chapters 3 through 19 as you need
them.

If you are an experienced application programmer, you can get right into the details
presented in Chapters 3 through 19.

Note: This manual follows the convention that he means he or she.

How this manual has changed . . .

XX

The major changes are described below.

Information about restricting users from creating folders when using IDDU or
DisplayWrite /36 was added to Chapter 10, “Folders.”

Information about restricting the size of folders created when using
DisplayWrite/36 was added to Chapter 10, “Folders.”

Note: This manual may refer to products that are announced, but are not yet
available. Such information is for planning purposes only and is subject to
change before general availability.



What you should know . . .

Before you read this manual, you should be familiar with data processing concepts

(such as disk storage, files, and members) and with the system and its display
stations.

In this manual, personal computer means one or all of the following:
« IBM 5150 Personal Computer
« IBM 5160 PERSONAL COMPUTER XT?

« IBM 5170 PERSONAL COMPUTER AT®

If you want more information . . .

If you want more information on a topic while you are using this manual, refer to
the Guide to Publications, GC21-9015. System/36 PC users should refer to the
Guide to Optional Information, GX21-9817, for related publications.

1 Trademark of IBM
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Chapter 1. Introduction

Welcome to application programming on System/ 36! Whether you are ready to
design and program your first application or you have designed and programmed
applications before, this manual has useful information for you.

An application is a group of programs that apply to a particular business function,
like accounts receivable or inventory control. Because there are countless types of
applications and because each one can be unique, this manual cannot provide all
the details for the application you might have in mind. What this manual can do,
however, is:

« Describe how the system works (not all the details; but the important ones for
programming the system).

o Describe the steps that application programmers follow when they design and
program applications.

« Describe how to design and program the various parts of an application
(printed reports, records, files, libraries, menus, displays, message members,
programs, jobs, and procedures).

This introductory chapter describes programming on the system, productivity aids,
the system in general, and applications in general.

Programming on Your System

Do you see anything missing from this picture?
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Of course, there are no people in it; and that is where you come in. You bring the
system to life by providing application programs for the users.
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You translate users’ requests into reliable, easy-to-use programs that make the
system work. Your programs must help people do their work naturally, quickly,
and accurately, or they will not be satisfied with the system. You have quite a job:
to see that the system helps people do their jobs better.



Programming Tools
The system has several programming tools that you can use to do your work:
e System Support Program Product (SSP)
o Utilities Program Product
« Development Support Utility
« Business Graphics Utilities/36
« OFFICE/36 Program Products
« PC Support/36 Program Product
e Programming languages
Most programmers use the SSP, Utilities Program Product, and at least one
programming language to do their work. It pays to know the capabilities of each

tool, because choosing the right one for the job at hand can help you be more
productive.

RN\
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System Support Program

The System Support Program provides the procedures, operation control language
statements, utility control statements, and control commands that you use to:

e Create and maintain disk files

e Sort disk files

o Create and maintain libraries

¢ Create and maintain folders

o Process information on diskettes

« Create and maintain display formats, menus, and message members
¢ Create and maintain procedures

¢ Run programs and procedures

¢ Create and maintain ideographic characters using the character generator
utility (CGU).

You need not code your own procedures and programs to do these typical tasks.

The SSP also includes IDDU (the interactive data definition utility), which provides
you the support to define interactively the characteristics of data and the contents
of files stored on your system. IDDU is used to define disk files which are to be
used with DW /36 (Display Write/36) and Query/36; it is used to define
communications files, which are used with advanced program-to-program
communications (APPC).

You use IDDU to define the contents of fields, records, and files. You also use
IDDU to define such characteristics of the fields as how large they are, the type of
data they contain, and how fields are arranged in a record format. Once you have
defined the files externally, DW /36, Query/36, and APPC can use the file
description instead of defining the file in a program.

Getting Started with IDDU has more information about IDDU.



Utilities Program Product

The Utilities Program Product offers a variety of useful functions for creating and
maintaining the parts of applications that you work with day in and day out. It
consists of:

« Source entry utility (SEU): for creating and maintaining procedures and
source programs.

« Screen design aid (SDA): for creating and maintaining displays and menus.

« Data file utility (DFU): for creating and maintaining simple data entry
programs, file update programs, file inquiry programs, and report printing
programs. DFU is a way for you to interactively create and maintain programs.
Using DFU may be faster than coding a program (in RPG II, COBOL, . . .) to
do the same job.

o Work station utility (WSU): for creating data entry programs, file update
programs, and file inquiry programs.

Development Support Utility

The Development Support Utility (DSU), like SEU, is used to create and maintain
procedures and source programs. Unlike SEU, DSU contains a full screen editor
that allows you to edit a full screen of statements in a member rather than edit one
statement at a time. DSU can coexist with SEU and requires no conversion of
data. The Development Support Utility (DSU) is not a part of the Utilities
Program Product.

DSU is easy to use whether you are a new or an experienced user.

Business Graphics Utilities/36
The Business Graphics Utilities/36 (BGU/36) is an interactive utility that allows
you to design simple business and scientific graphs quickly. You can also design

chart pages containing up to eight graphs on a page.

BGU/36 also supplies a procedure that allows you to design a graph using data in a
report that was created by your application.
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The OFFICE/36 program products include the following: DW/36
(DisplayWrite/36), Personal Services/36, and Query/36.

DisplayWrite/36: DW /36 is a word processing program. You can use DW/36 to
do the following:

o Create documents (letters, memos, reports, and so on)
o Create help text for application programs

The Getting Started with DisplayWrite/36 manual has more information about
DW/36.

Personal Services/36: The Personal Services/36 program product is a group of
programs that provides automated ways to handle everyday office tasks. This
includes electronic mail handling, a way of logging and doing searches for hard
copy mail, calendar management, directory support, group processing, message
handling, and administrative support. The Getting Started with Personal
Services/36 manual has more information about Personal Services/36.

Query/36 Program Product: The Query/36 program product allows you to request
a variety of reports based on information in your files, even if you have little or no
programming experience.

Query/36 prompts you, through a series of displays, to specify which information
you want included in your report, whether you want to print or display the report
or store the query data in a disk file, and how you want the report to look.

The data entry facility part of Query/36 allows you to put data into your files.

Once a query is created, you can save it in a library. You can then revise your
saved queries, copy them, or delete them from the library.

The Getting Started with Query/36 manual has more information about Query/36.



PC Support/36 Program Product

Programming Languages

The PC Support/36 program product lets you use a personal computer as a work
station attached to your System/36. Working from your personal computer, you
can take advantage of several System/36 functions. The following are included in
PC Support/36:

o Virtual disk support lets you use the storage on System/36 as if it were attached
to your personal computer.

o Virtual printer support lets you use printers attached to System/36 as if they
were attached to your personal computer.

o Transfer facility support lets you transfer System/36 source members,
procedure members, and files to the personal computer; it also lets you transfer
personal computer files to System/36.

The PC Support/36 User’s Guide and the PC Support/36 Technical Reference
manuals have more information about PC Support/36.

Although the System Support Program Product, Development Support Ultility, and
Utilities Program Product offer a variety of programming functions, a programming
language provides more flexibility and control.

The programming languages available on the system are:

» Assembler

+ BASIC

« COBOL

« FORTRANI1V

« RPGII

When you use a programming language, you control how information appears on

the users’ displays, how the information appears on printed reports, and what
processing the program does.
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In addition to the programming tools, several productivity aids are available to you.

You can do much of your work from a display station. The menus, displays,
procedures, and commands you see and use have been designed to simplify your
work. In addition, the following types of assistance called help support are available
to make your job easier:

Help menus lead you to the command or procedure to do the task you have in
mind. You start with a menu called MAIN and type in the number of the task
you want to do. If you choose not to use these menus, you can always enter
command or procedure names directly.

Help text for menus and displays lets you see explanations at the touch of the
Help key.

Help text for commands and parameters lets you see explanations at the touch
of the Help key. It is as if someone put part of the System Reference manual
inside your system.

Help text for status displays lets you see explanations, again at the touch of the
Help key or by command key 8.

Using the help support is quite simple. If you want more information about it,
press command key 12 (when you have signed on a display station), and you will
see a series of displays that explain how to use help.



System Overview

To design and program applications on the system, you should know some (but, of
course, not all) of the details about how the system works. Figure 1-1 shows the
important parts of System/36 with the 5360 System Unit (the 5362 System Unit is
similar). The sections that follow describe the important parts of the System/36.
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Figure 1-2 shows the important parts of a System/36 PC.
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Main Storage

Main storage is the heart of the system—where the action is.
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Main Storage Processor
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Main storage has:

« User programs and system programs—while they run

« User program data—as the user programs need it

« Instructions used by the system to process jobs

« Work areas, called buffers, used by the system tp process jobs
Chapter 15, “Main Storage,” has more information about main stor\age.

7

The main storage processor processes application program instructions and system
commands. The system is designed so that the main storage processor can devote
full time to processing instructions; it does not have to do other things such as get
data for programs or control input and output; the control storage processor takes
care of those things.



Control Storage

Control storage, as its name implies, controls important system activities. Control
storage contains system programs that do input/output and supervisory functions.
Because the system has a separate area for these functions, more of main storage

can be used by application programs.

For more information about control storage, see “Control Storage Considerations”

in Chapter 17, “Jobs and Job Processing.”
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Control Storage Processor

Just as main storage has its own processor, so does control storage: the control
storage processor. This processor controls input and output and does supervisory
functions, which allows the main storage processor to devote its time to processing
application program instructions. The control storage processor:

o Allocates main storage for application programs

« Handles data input and output for programs

« Diagnoses and recovers from errors

« Manages system resources

o Controls the main storage processor

« Allows use of the scientific instruction set for BASIC and FORTRAN IV

There are several types of control storage processors:

« Control storage processor (CSP) stage 1 (CSP 1.3) has 32K-words and is 1.3
times faster than System/34.

o Control storage processors (CSP) stage 2 and 2.1 (CSP 1.8) have 64K-words
and are 1.8 times faster than System/34.

« Control storage processor (CSP) stage 3 (CSP 2.3) has 64K-words and is
approximately 2.99 times faster than System/34. It is also 2.3 times faster
than stage 1.

Note: 1 K-word is 2K-bytes long.
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| Data Channel

A data channel controls the flow of data between control storage and the input and
output devices. The data channel is like a pipeline between control storage and the

devices.
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Buffer Areas and Controllers

Disk Storage
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The data channel uses an input/output controller and work areas called buffers to
store data that comes from or goes to disk, diskette, or tape. (Other devices don’t
have buffers.) The buffers allow the devices to be used at the same time without
slowing the performance of the system.

The data channel is shared by all the system devices.

Other input/output controllers process data going to or from the other devices used
by the system, such as display stations and printers. Because controllers handle
input and output requests from the data channel, the control storage processor
need not bother with the requests.

Main storage and control storage are used primarily to process information; they
are not intended to store all of your information. Nearly all of your programs, files,
and libraries are stored on disk (you probably put your infrequently used
information on diskette). The system programs, files, and library are also stored on
disk.

Several sizes of disk storage are available. The smallest disk holds 30 megabytes of
information; the largest disk holds 358 megabytes of information.

In comparison, the smallest main storage size is 128K bytes and the largest size is 7
megabytes, much less storage than is available on disk.

The system unit can have one to four internal disks. These disks are not removable.
Two disks can be externally attached depending on the system unit.

Chapter 4, “Disk Storage,” contains more information about disk storage.



Diskette Storage

A diskette is a thin, round, flexible plate that looks very much like a 45 rpm record.
To help prevent damage that might result from handling, a protective jacket
permanently encloses a diskette.
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You can store files and libraries on diskette rather than on disk. Diskette storage is
called off-line storage because you can take the diskette out of the system and store

it in a safe place. (In order for information to be used by a program, the
information must be on disk.)

Information is stored on diskette for several good reasons:

+ To create a backup copy of the information so that it is in two places at the
same time: on disk and on diskette

o To free disk storage for other information
e To exchange information between systems

The system unit has a diskette drive, which is the mechanism that reads data from
and writes data to diskette. The system has either a diskette drive that can hold

one diskette, or a diskette magazine drive that can hold three individual diskettes as
well as two diskette magazines.

A diskette magazine is a container that holds up to 10 diskettes. Diskette

magazines are handy for saving and restoring files and libraries that won’t fit on a
single diskette.

Diskettes have several formats, types, and storage capacities.
Chapter 5, “Diskette Storage,” has more information about them.



Tape Storage

You can also use magnetic tape on reel or cartridge, depending on your system
unit, to store your files and libraries.

Figure 1-3. Tape on Reel
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Figure 1-4. Tape on Cartridge

Tapes are handy for saving and restoring files and libraries because:

« Large amounts of information can be read from or written to tape faster than it
can for diskette.

e More information can be stored on a tape than on a diskette.

Tapes have several formats and storage capacities. Chapter 6, ‘“‘Magnetic Tape
Storage,” has more information about them.



Display Stations

Display stations are extremely important devices on the system because they bring
the computer to the users. Each person using a display station can feel that he has
the complete system to himself.

Display stations allow the system to operate in an interactive environment. This
environment puts the power of the computer on the desks of the users. Many users
(but only those you want) have simultaneous access to current information, and
data is entered by the people who use it. Users in this environment enter data
before or while a program runs, request to see the latest information in the files,
start jobs, and receive the output.
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The interactive environment makes your job extremely important because you
design the displays so that the workers can easily use them, design the files so that
users can have simultaneous access to the information, and design the programs so
that several people can use them simultaneously.

Several display stations are available on the system. Each display station can be
attached locally or remotely to the system. Local display stations are near the
system, within 1524 meters (5000 feet), and cabled into the system unit. Remote
display stations can be farther away from the system and are connected to the
system unit using a communications line and a controller.

Whether the display station is local or remote is not significant to the user; he sees
the same information and uses the display station the same way. For you, however,
there are programming considerations for remote displays. These considerations
are described in Chapter 13, “Displays.”



When your system was configured:

« One display station was designated as the system console, from which an
operator controls the entire operation of the system.

« One or more of the display stations may have been designated as subconsoles,
which means that they can control (for example, start and stop) one or more
printers.

« One or more display stations may have been designated as command display
stations, from which users (including programmers) do their work. Rather than
control the entire system, each user controls his own work.

« One or more display stations may have been designated as data display
stations, which are always under program control.

From the programmer’s view, a display station can request (start) a job or can be
acquired by a job that has already been started. A requesting display station starts
an interactive program. The display station may be used later for data input and
output. An acquired display station does not start an interactive program,; it is
acquired by the program after the program begins. The acquired data display
station is used for input and output of data.

Work Station Data Management

Work station data management is a system function that allows programs (and,
therefore, display station users) to use display stations as they would any
input/output device. Work station data management allows your programs to treat
a display station as any other file; the display station becomes another way to read
data into the system and display output from the system.

The programs you code that use display stations are called interactive programs.
Work station data management communicates with your interactive programs by
using display formats, which define what information should be displayed or read
from the display station. You design the displays (what the users see on their
display stations), create the display formats, then design and code your programs to
use the display formats. When your interactive program runs, work station data
management brings your data and display formats together, showing your
information to your users. Chapter 13, “Displays,” provides more information
about how you design and code displays. It also provides more details about work
station data management.
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Data Communications

Using data communications, System/36 can send and receive information from a
wide range of devices and systems. System/36 can act as a host system to remote
work stations, act as a secondary station to a remote host system, or communicate
with another system as a peer. Programming support for System/36
communications consists of the following:
« Base SSP

— Remote work station support (RWS)

— Batch binary synchronous communications

— 3270 remote attachment
« Communications feature

— Base support for all communications features

— Autocall support

— X.25 support

— Basic conversation support for advanced program-to-program
communications (APPC)

— Asynchronous communications feature
— Intra
o SSP-ICF Finance
« APPC, BSCEL, CCP, and Peer Subsystems
« Muitiple Session Remote Job Entry (MSRJE)
« CICS, IMS, SNUF Subsystems
¢ 3270 Device Emulation
» Distributed Data Management (DDM)
« Communications and Systems Management (C & SM)
— Alert support
— Distributed Host Command Facility (DHCF)

-~ Distributed Systems Node Executive (DSNX)
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« S/36-S/38 Display Station Pass-Through

« SNA/Advanced Peer-to-Peer Networking (SNA/APPN)

« IBM Token-Ring Network

Information about using communications can be found in the manuals for the

individual features. These manuals are listed in the Guide to Publication or Guide to
Optional Information

Printers

Like display stations, printers can be installed in the users’ departments.
Frequently, a display station and printer are side by side so that the printed
information is readily available to the users.

Paychecks/ Invoices

Saies Report

Inventory Report

Several printers are available on the system. They provide an assortment of speeds,
character sets and other options. Like display stations, printers can be attached
directly or remotely to the system depending on your system unit.
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Printer Data Management

Spooling
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Just as work station data management is the system function that allows your
programs to use display stations, printer data management is the system function
that allows your programs to use printers.

When producing reports, your programs create a print file that contains print
records. Printer data management ensures that the information is printed.
Chapter 3, “Printed Output,” contains more information about printer data
management.

Spooling is a system function that saves printer output on disk for later printing.
Even though printers can print at very high speeds, the processing unit can work
much faster than a printer. If the processing unit could not start another job until a
printer finished the output for the current job, the system would run very
inefficiently.

The system can save output from one or more programs on a queue on disk (the
queue is called a spool file) while the printer is printing other output. The system
then processes the next job while the printer works at its own speed, taking the first
job’s output from the queue and printing it, then printing the next job’s output, and
so on down the spool file.

The spooling function is requested when the system is configured. Thereafter,
spooling occurs automatically. Chapter 3, “Printed Output,” has more
information about spooling.



Security

Physical Security

Data Security

Security is the protection of data, system operation, and system devices from
accidental or intentional damage or exposure. What follows is an overview of the
two types of security: physical and data.

Physical security involves protecting devices against damage and protecting the
entire system from being used by people who are not supposed to use it. Ways of
ensuring physical security are:

« Put the system unit in a locked room.

« Use the keylock on the system control panel.

« Put a keylock feature on the display stations.

« Copy programs and data onto diskettes and put them in a safe place (for
example, an off-site location).

o Print listings of programs and files and put them in a safe place.

As a programmer, you would most likely be involved with the last two items in the
list.

Ways of protecting data in the system are:

« Password security. A user must enter an identifier and a password to sign on a
display station.

« Badge security (display stations must be configured with badge readers). A
user must enter an identifier, a password, and move a badge through the badge
reader.

¢ Menu security. The user is restricted to one menu (a default menu that
appears when the user signs on) or to other menus that the user can display
from the default menu.

« Resource security. Files, libraries, folders, subdirectories, folder members, and
groups are used only by those who are supposed to use them.

o Communications security. A remote location must identify itself with a remote
location name and location password before it can run programs on your

system.

As a programmer, you would most likely be involved with menu security and
resource security.

Chapter 1. Introduction 1-27



Application Overview

As defined at the beginning of this chapter, an application is a group of programs
that apply to a particular business function, like accounts receivable or inventory
control.

Although there are many different types of applications, most of them are made up
of the components shown in the following diagram. You design and create these
components so that the application users get the results they want from the system.

ﬁenus

Displays

APPLICATION USERS

ACCOUNTING

Printed

utput
Outp APPLICATION

LIBRARIES FILES

Programs
Procedures/Jobs

Menus
Display Formats
Message Members

The sections that follow present an overview of each component.
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Printed Output

Menus

\

Printed output consists of the reports and listings that the users need. Examples of
printed output are paychecks, inventory status reports, inventory reorder reports,
picking lists, and customer master file lists.

Chapter 3, “Printed Output,” has information about designing and programming
printed output.

A menu is a displayed list of items from which an application user can make a
selection. For example, here is a menu a user might see to begin a billing
application:

MAIN BILLING MENU

Enter or change orders
Release orders

Print picking slips
Print invoices

Go to inquiry

Sign off

INVOICE No. 04351

POopwNA

2

Enter option number:

Menus can simplity work for the applications users if you design the menus with
the users and their jobs in mind. Chapter 12, ‘“Menus and Menu Design,” has
more information about designing and creating menus.
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Application Displays

Application displays are working displays from which users enter, request, and
update information. Menus usually lead to application displays. For example, the
following is a display on which a user entered a customer’s order:

7~
ORDER ENTRY
Customer Number: 200 Order Mumber: 111000
SOLD T0: Connely's Motel SHIP T0: Connely’s Motel
3741 SH Enterprise Drive 3741 SN Enterprise Drive
Candenton 0 65020 Candenton MO 65020
Customer PO: Salesman: 12079
Line ItemNo. Qty Description Price  Amount
01 20000100 1  Executive swivel 250.00  250.00
02 10000600 1  Single ped desk 100.00  100.00

03 20000300 2  Secretarial chair 99.00  198.00

Cnd2-End order, start new order (nd7-End order entry
CndB-Page through orders Cmd19-Cance] order Help-Assistance

Like menus, application displays can simplify things if you design them with the
users and their jobs in mind. Chapter 13, “Displays,” has information about
designing and creating displays.
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Programs

Files

You can code programs in Assembler, BASIC, COBOL, FORTRAN IV, RPG II
and WSU; or you can create programs with DFU. Regardless of the language or
utility you choose, programs do the work that the users request. Providing all the
functions of an application may take dozens, even hundreds, of programs.

Applications usually have a mixture of interactive and batch programs. Interactive
programs communicate with one or more display stations; batch programs do not
have this interaction. Interactive programs are generally used for data entry,
inquiry, and file update. Batch programs are generally used for printing reports and
applying a batch of transactions to a master file.

Chapter 16, “Programs,” has information about designing and coding programs.

A file is a set of related records treated as a unit. Three main types of business
files are transaction, master, and history.

Transaction files are rather temporary in the sense that they do not remain
unchanged for very long. They contain data to be transferred to other files or used
by other processes. A file holding the day’s orders is a transaction file; once the
data from it is processed, the orders are probably transferred to another file.

Master files are more permanent; the records within them contain frequently
referenced information that reflects current status. A customer master file, for
example, might contain the name, address, telephone number, and account number
of each customer you do business with. An inventory master file might contain
prices and descriptions of items for sale.

History files are almost never referenced, but may be retained for a period of time
for legal or security reasons. A file containing all orders received over the past
three years filed in chronological order would be a history file. The transaction file
of daily orders would be added to the history file after the orders had been
processed.

Deciding what files you need, what information they should contain, how they
should be organized, and how they should be processed are some of the design
decisions you make.

Chapter 7, “Designing Records,” describes how to design records.

Chapter 8, “Files,” has the information to help you make the best decisions.
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Libraries
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A library is a named area on disk that can contain programs and related
information (not files). Libraries can contain the elements of an application. For
example, all the menus, displays, programs, procedures, and message members for
an accounts receivable application could be in one library.

In addition to grouping components of an application, you can use separate
libraries for:

« A particular user
« A particular display station
The system can contain the following types of libraries:

» The system library (named #LIBRARY). This library contains most of the
IBM-supplied programming support.

e Program product libraries. These libraries contain the IBM-supplied
programming support for the Utilities Program Product, Development Support
Utility, the OFFICE/36 Program Products, the PC Support/36 Program
Product, and the programming languages.

« Your user libraries. These are the libraries that you and others create. These
libraries contain your programs, menus, displays, procedures, and message
members.

Four types of members can be in a library:

« Source members contain (1) the program statements that are used by a
language compiler or the BASIC interpreter and (2) statements used by the
system to create display formats, menus, message members, and help text.

¢ Procedure members contain the statements necessary to run a program or a
group of programs.

« Load members contain information in a form that the system can use directly.
Examples of load members are compiled programs, display formats, menus,
and message members.

« Subroutine members are members that must be link-edited (using a system
program called the overlay linkage editor) before the system can run them.
Link-edit means to combine a program with one or more subroutines to create
a single load member. BASIC and DFU programs can be stored as subroutine
members as well.

Chapter 9, “Libraries,” has more information about creating, maintaining, and
using libraries.



Folders

A folder is a named area on disk that can contain members created by IDDU,
DW/36, Personal Services/36, and PC Support/36.

You can group folders in various ways, and each folder can contain multiple
members of the same type. Folders are often grouped in the following ways:

« By user (each user automatically is assigned his own folder)

« By projects, using resource security to allow only certain users to access them
Some of the types of folders you might use on your system are as follows:
o Document folders created by DW/36 or PC Support/36

« Data dictionaries created by IDDU

o Mail folders created by Personal Services/36

o Mail log folders created by Personal Services/36

Some of the member types kept in folders are as follows:

o Text in document folders

o Letters in mail folders

« Field, format, and file definitions in data dictionary folders

Chapter 10, “Folders” has more information about creating, maintaining, and
using folders.
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Procedures, Jobs, and Job Steps
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A procedure is a collection of statements that cause one or more programs to run.
Procedures eliminate the need to enter frequently used statements each time they
are required. The procedure statements are in a library member called a procedure
member.

The purpose of a procedure is to run a job. Jobs can have one or more job steps; a
job step is a unit of work done by one program. A job step begins with the LOAD
OCL statement and ends with the RUN OCL statement.

To run a procedure, you can enter a procedure command, which is simply the name
of the procedure member in the library. Procedure commands are usually entered
with information that tells the procedure what to do. The information is in the
form of parameters.

Your application users generally don’t know (and don’t need to know) the
procedure’s name or parameters because you will provide menus for them. The
user selects an option from a menu, and the system runs the appropriate procedure:
the one you told it to run when you created the menu. The procedure, in turn,
loads and runs the program to do the task the application user specified.

Many procedures are supplied as part of the SSP and the Utilities Program Product.
For example, the SSP procedures allow you to create data files, create libraries, and
copy data files; the Utilities Program Product procedures and the Development
Support Utility procedures (DSU), allow you to create and change library
members.

In addition to using the SSP and Utilities Program Product procedures and DSU
procedures, you can design and create your own procedures.

Chapter 17, “Jobs and Job Processing,” in this manual has information about jobs
and job steps.

Chapter 18, “Procedures,” in this manual and a chapter in the System Reference
manual have information to help you design and create procedures.



Messages and Message Members

The system uses messages to communicate with you. Messages can inform you,
request information from you, or notify you of errors that have occurred. Your
programs also use messages to communicate with the application users.

A message member is 2 place in a library in which you can store messages. You
need not use message members, but their advantages are fairly obvious; your
messages are in one place, and can be referenced by a number called a message
identification code (MIC) from several places: from programs, procedures, and
display formats.

Message members ensure that your application users will not see the same message
worded in several ways, and they save you time because you can code a message
number rather than the message text.

Chapter 14, “Messages and Message Members,” has information about messages
and message members.

Chapter Review

This chapter provided (1) an introduction to programming the system, (2) an
overview of the system’s components, and (3) an overview of application
components.

If you want a description of the application design process, you can read

Chapter 2, “Application Design Steps.” Otherwise, you are ready to use Chapters
3 through 19 to design and develop applications.
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Chapter 2. Application Design Steps

Chapter 1 provided an overview of the system and application components. This
chapter introduces the steps that programmers generally follow to design their
applications. It is a good chapter to read if you are about to design your first
application. Although it does not describe a particular design method, structured or
otherwise, the chapter should help you:

« Realize the importance of application design
« Define, organize, and document your application design work

As defined in Chapter 1, an application is a group of programs (and associated
displays, files, procedures, libraries, folders, data dictionaries, and menus) that
allow users to do a particular business function, such as accounts receivable or
order entry.

Application design is the integration of the application components, personnel, and
system devices to accomplish a business function. Application design begins with a
request for system support; it ends with installed, operational programs that meet
the users’ needs. When you design an application, you coordinate many
interrelated activities rather than just one activity.

Application Design Steps

The application design steps are shown in Figure 2-1. As you can see, you and the
application users participate throughout the project.

This chapter does not provide a lot of details about any one step. Its purpose is to
help you structure your application design work by describing what an application
designer does and the general order in which he does his work. The steps, of
course, can overlap. For example, you could design a display while you design the
program that uses the display.
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Step

Application Users

Application Designer

Stepl. Definition

Explain current methods. Provide
complete examples of input and output
for current methods. Explain sources
and destinations of information.
Describe desired methods for existing
and additional application functions.

Identifies what users do. Defines
input and output. Identifies what the
application should do. Defines
application functions. Makes
preliminary schedule. Reviews work
with users. Documents the definition.

Step 2. General Design

Help define the application functions.
Review the design.

Specifies the input, processing, and
output for the application in general.

Step 3. Detailed Design

Review and agree upon displays and
reports.

Designs printed output, files, and
displays.

Step 4. Program Design

Help define the sequence and
frequency of functions. Identify
deadlines and constraints.

Designs programs and then codes
them.

Step 5. Testing

Help define test cases, test the
application, and check the results.

Codes test cases. Ensures that each
program and all application functions
work.

Step 6. Conversion and
Installation

Help convert information.

Trains application users. Ensures all
existing information is converted to a
form usable by the new application.
Loads the application components
onto the system.

Step 7. Operation

Use the application.

Turns the application and
documentation over to the users.

Figure 2-1.

Application Design Steps




Objectives of Application Design

Why should you take time to follow the application design steps? Because if you
don’t, here are some things that can go wrong:

The application might not do what the users want.

It might make the users drastically change the way (sequence in which) they do
their work.

It might be difficult to test, debug, and install.
It might be difficult to maintain.

As the company grows (bigger inventory, more customers), it might not be
able to handle the growth.

Items might be overlooked.

Data might not be available when it is needed.

As you can see, poor planning can be costly. So resist the urge to say, ‘“Let’s start
coding. We can work out problems as they occur.”

Planning an application is similar to planning your home. Before workers pour
cement and begin building, you consult an architect who:

1.

2.

Identifies what you want.

Sketches plans based on what you want.

Prepares a general schedule of what happens and when.
Draws a blueprint for your review.

Writes initial specifications for your review.

Provides a final blueprint, a detailed specification, and a final schedule to the
contractor and workers.
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The planning time is difficult to endure because you are eager to get started, but it
pays off. There should be few mistakes and delays. You should have a home that
is completed on time, costs what you expect, and suits your needs.

As an application designer, your objectives are much the same as an architect’s.
You prepare and document a plan for developing an application that will be:

What the users want

Completed on time with the expected effort

Easy to use
« Easy to maintain

The application design steps described in this chapter can help you meet these
objectives.



Step 1. Definition

The definition step is one of the most important steps in application design. The
careful work you do during definition will pay off in the remaining steps. For this
step you:

Identify what the users do

o Define the information they process

o Identify what the application should do
« Define the major application functions
« Make a preliminary schedule

¢ Review your work with the users

«  Document your work

Identify What the Users Do
Talking to the application users is the best way to identify and understand what the
users do. To help you organize your notes and observations, you might make a
work flow diagram. On it, you can indicate:
« What jobs are done
«  Who does them
¢ In what order they do them
o What main steps are involved in each job
« Who provides or collects input
« What happens to the input
« Who receives output
« What management decisions are based on the output
« When are the busiest times during the day, month, and year
«  When are the slack times

« What deadlines must be met daily, weekly, monthly, and yearly

« How people would change their jobs to do them better
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Figure 2-2 shows an example.
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Deliveries
Orders in
Mail Room 85 Orders a Day any form
25 Phone Orders
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for processing
Customer Services
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Customer Look up
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Verify item
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catalog descriptions
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Day
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Figure 2-2. Work Flow Diagram
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The work flow diagram is like an architect’s initial blueprint. It is your
interpretation and documentation of the current methods of doing work. Itis a
good document on which to center your discussions with the application users.
Notice that the work flow diagram can also show information flow. You can
indicate what the input is, who (person or department) provides it, what the output
is, and who receives it.

In addition to analyzing and documenting the work flow, you should collect
documents, forms, written procedures, training manuals, and other items that
workers use to do their jobs.

The work flow diagram and the material you collect will later help you:

« Determine your application’s input, processing, and output

« Develop documentation to help people use the application
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Define the Information Processed

To design the application’s files, displays, and printed output, you need to know the
characteristics of the data that is processed by the present methods. For example,
as you answer the following questions, you can list the important pieces of
information (and the characteristics of each) that are used as input to the
application or produced by the application. (Figure 2-3 shows an example.)
These items will be the fields in your files, on your displays, and on your reports.
¢ What information is processed or produced?

— A customer order?

— A monthly sales report?

— Alist of items that need reordering?
o What items of information are processed or produced?

— Customer name?

— Customer number?

— Item number?

— Item description?
«  What attributes does each item have?

— All numbers?

— All letters?

— How many?
o What ways do people find, sort, or report information?

— By customer number?

— By item number?

— By sales region?

— By department?
« How much information is processed?

— One hundred orders a day?

— One thousand orders a day?

2-8



o How much information is stored?
— One hundred items?
— One thousand items?
¢  What form is the information in?
— A telephone call?
— A mailed order?
— A price list in a filing cabinet?
« What information can be seen or handled only by certain people?

« Who maintains information?

FILE DESCRIPTION
) PAGE OF
APPLICATION DATE
FILE DOCUMENT NAME PREPARED BY
TYPE
FIELD NUMBER OF C CHARACTER REV
NUMBER FIELD NAME CHARACTERS N NUMERIC FIELD SOURCE COMMENTS

_ _

$9019007

Figure 2-3. Information Characteristics
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Identify What the Application Should Do

Talking to the application users is the best way to identify and understand what the
application should do. This seems obvious, but many programmers assume what
users want and discover too late that the application does not do what the users
expected it to do.

Keep in mind that the new application need not do the functions in the same way
as the current methods do them. For example, you might replace some printed
reports with displayed information.

Your discussions can be very informal, but it is a good idea to take notes for future
reference.

Define the Application Functions

2-10

After you understand what the users want, what they do, and what information
they process, you should be able to list the main functions that your application
provides. Items you would list on the application menus are probably the main
application functions. For example:

« Display customer information

« Maintain (update, add, or remove) customer information

o Print customer information

¢  Print mailing labels

« Save and restore customer information

When you list the functions, you might see some things that only certain people
should be allowed to do. If so, you should consider designing the application to

take advantage of the security features the system has. The System Security Guide
has information about security.



Make a Preliminary Schedule

At this time, your schedule should specify:

« Dates on which you plan to begin and end each of the application design steps.
You can schedule activities to avoid problems (such as converting to the new
application during an extremely busy time of the year).

« Dates when users have time to discuss what they do and what the application
should do.

o Dates when you demonstrate and review application functions with the users.

« Dates when you and management review the application design progress.

Review Your Work with the Users

Document Your Work

You should discuss the definition with those who requested your application and
those who will use it. This review can ensure that you correctly analyzed what they
want.

As you can see, the definition step is a fact-finding step. You organize your
findings, present them to others, get agreement on application functions, and
accurately estimate and schedule the application work.

Before you begin the next step, general design, be sure you have documented your
work. Here are some suggestions for things to document:

« Work flow, which can also show information flow.

« What information is processed and the characteristics of each piece of
information.

e Major application functions.
o A schedule.
« Important assumptions you have made: those that are key to you doing what

you promised. For example, you may have assumed that you and another
programmer will work full-time on the project.
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Step 2. General Design
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In the general design step, you shift your attention from what the present methods
are to how your application can do the work on the system. In the general design

step, you determine:

o What input the application requires

e What output the application produces

o  What processing the application does

For example, the following is a general design diagram for an application that does

order entry:

.| C
1 Orders

Customer Number
Order Number

Master
Files

Ship-to:
Miscellaneous
Information:

Item:
Quantity:

AN
-

Item

. The operator enters the customer number and

order number for the order.

. The application program reads the customer’s

records in the customer master file and the
ship-to master file. The application program
displays the names and addresses for the
operator to verify.

. 0f ted, the application prog shows
a display that allows the operator to change
ship-to i ion and miscell:
information.

. The application program writes order header

and ship~-to records to the transaction file.

. The operator enters the items ordered, one

line at a time.

Master

File
i

Transaction
File

. The

O

plication program reads the item’s
record in the item master file and
calculates the price. For each valid

item entered, the application program
writes a record to the transaction file.

. The applicati displays the line

progl
item, showing the item, quantity, and
calculated price.

. When the order is completed, the application

program rewrites the order to a transaction
hold file.

Transaction
Hold File

. An application prog prints a picking slip

for each order after it is placed in the
transaction hold file.

Name:
Address:

Transaction
File

Transaction
File

Transaction
Hold File

Picking Slip
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Notice that the information is general. You have not yet designed individual
displays, files, or reports, and you have not decided how many programs you need.
You are trying to get a big picture of what your application needs, does, and

produces.

The output from an application is often the input to another application. In the
general design step, you identify the links between applications, as the following
example shows:

Application Input Process Output
Order * Retrieve item and customer data
Entry
Customer Order ® Record orders
o ® Produce shipping order (4 copies) Shipping
Customer Order
Master File ¢ Sort order copies
L
® Distribute order copies
Inventory
Master File
L
Shipping ® Classify orders as
o ship/cancel/back-order
Shipping Shipping
Order ® Record shipping data on order Order
copy
* Distribute updated order copy
Billing ® Retrieve customer and item
Shipping price data
Order R
¢ Calculate invoice total
® Record total on invoice
o Pictri R
Customer Distribute invoice
Master File
Inventory
Master File
/_\__/
Inventory ® Record shipping data
Control Shipping
Order 4 ® Store updated file
\'/- Inventory
e Master File
Inventory
Master File
L
Accounts * Retrieve customer invoice data
Receivable Invoi
nvoice ® Record payment data
® Store updated customer data :A:ssttoe':::le
c ® Summarize Accounts Receivable
status
Payment Accounts
® Distribute report Receivable
Customer
Master File
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Step 3. Detailed Design

In the detailed design step, you (1) design each report, file, and display you
identified in the general design step and (2) design application controls.

Designing Printed Output

Chapter 3, “Printed Output,” has guidelines for designing your printed output.

Designing Files and Records

Chapter 7, “Designing Records,” and Chapter 8, “Files,” have guidelines for
designing files and records.

Designing Displays

Chapter 13, “Displays,” has guidelines for designing displays.

Designing Application Controls

Application controls are the plans you put in place to ensure that input data is
correct, that your programs process data correctly, and that the results are correct.

Examples of Input Controls

You might verify input by having someone check all input documents before
entering them into the system. For example, someone could verify that all required
information has been filled out, that valid ranges of values have been specified, and
that valid customer numbers have been used.

Also, you can record what input was entered into the system so that loss of an
entire input document cannou go undetected.

Examples of Processing Controls

A program could count the number of input documents it processes. You could
compare this total with the count that was made when the documents were entered
into the system.

A program can check whether or not records have been sorted into the correct
sequence.

An audit trail can be used to record what work was done on the system and the
order in which it was done. The audit trail can be generated manually by having
users fill out a log of what they did and when they did it. You can also program the
application so it generates an audit trail.
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Examples of Output Controls

Output controls report the results of the processing done by the application. These
controls can be especially effective when you combine them with input controls.
For example, a program can compare input totals with output totals or compare the
number of records processed with the number of documents entered to verify that
output is correct.

Documenting the Detailed Design
Your documentation for the detailed design step can include:

« The forms on which you design your printed output. On each form, you can
note which program prints the output, who should receive it, and whether it
requires special forms. Figure 2-4 shows a form used to design a picking slip.

« The forms on which you design your files and records. On each form, you can
note the programs that use the file and how each program uses the file.
Figure 2-5 shows a form used to design a transaction hold file.

« The forms on which you design your displays and menus. On each form, you
can note the display name or menu name and what programs use them.
Figure 2-6 shows a form used to design a menu used to maintain a customer
file. You can also save the output that prints when you create the displays.
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Figure 2-4. Form for Designing Reports
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INPUT/OUTPUT Record Description File No.
Record Name _IRANSACTION HOLD System Page of
File Name _/7ans/og Date
File Organization Direct Sequence Record Code, Customer Number preparedby _A. Smith

Record Length 128

Key Customer Number

Key Length 6

Created by ORDITM Used by ORDITM, ORDPRT Updated by ORDPRT
Field Decimal Location

Values Field Description Name Length |Position| Format | From | To
Relative Record Number 128 N 1 128

*Customer Record Information

CV Record Code OCODE 2 A 1 2

D or blank |Delete Code ODELET 1 A 3 3
Customer Number CUSNO 6 N 4 9
Order Number ORDNO 6 N 10 15
Customer Name CNAME 25 A 16 40
Customer Address CADDR 25 A 41 65
City CCITY 22 A 66 87
State CSTATE 2 A 88 89
Zip Code CZIPCD 5 N 90 94
Salesman Number CSLSNO 2 N 95 96
Purchase Order Form CPONO 10 A 97 106

#*Ship to Record Information

CS Record Code OCODE 2 A 1 2
Delete Ccde ODELET 1 A 3 3
Customer Number CUSNO 6 N 4 9
Order Number ORDNO 6 N 10 15
Ship-To Name SNAME 25 A 16 40
Ship-To Address SADDR 25 A 41 65
City SCITY 22 A 66 87
State SSTATE 2 A 88 89
Zip Code SZIPCD 5 N 20 94

*Line Item Record occurs 1 to 3 times for each Customer Record
Record Code 2 A 1 2
Delete Code 1 A 3 3
Customer Number 6 N 4 9
Order Number 6 N 10 15
Order Line Number 2 N 16 17
Item Number 6 N 18 23
Item Description 20 A 24 43
Quantity Ordered 6 N 44 49
Price 6 N 50 55
Amount Extended 8 N 56 63
Warehouse Location 5 A 64 68

Figure 2-5. Form for Designing Files
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Display Screen Layout Sheet
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Figure 2-6. Form for Designing Displays and Menus
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Step 4. Program Design

In the program design step, you design and code the application programs, jobs,
and procedures.

Chapter 16, “Programs,” has guidelines for designing programs.
Chapter 17, “Jobs and Job Processing,” has guidelines for designing jobs.

Chapter 18, “Procedures,” has guidelines for designing procedures.

Documenting Programs
Documentation of your programs can include:
» A definition of the function (such as order entry)
e A definition of the input (such as displays and files)
« A definition of the output (such as displays, files, and reports)
« Logic of the current program (See Figure 2-7 for an example.)
o A history of the revisions that have been made

« People to contact for further information
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Figure 2-7. Example of Program Logic Documentation

TITLE ORDER ENTRY APPLICATION

DATE

AUTHOR

Notes:

Run Frequency: Daily
Volume: Approximately 500 transactions per day

ORDHDR (OR-01)

Run Time: 1 hour

Accepts customer number, order number, and
ship-to information, and writes header customer
and ship-to records to the transaction (TRANS)
file.

ORDITM (OR-02)

Run Time: 30 minutes

Accepts item number and quantity information,
and writes an order record to the transaction hold
(TRANSLOG) file.

ORDPRT (OR-03)
Run Time: 10 minutes

Generates picking slips, and updates a control
record in the TRANSLOG file.
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Step 5. Testing

Allow Time for Testing

Testing is what you do to ensure that your application:
» Accepts input correctly

« Processes the input correctly

« Produces output correctly

o Iseasytouse

« Presents meaningful error messages for the users

« Runs as fast as you expected

+ Has acceptable response times for the display stations users

Be sure to allow plenty of time to test your application. For applications that have
several complex programs, you might need more time to test than you do to design
and code.

Divide the Test into Manageable Tasks

2-20

Whereas you design an application top-down, from general functions to specific
programs that do each function, you should test the application from the bottom
up. That is, you first test that each program works, then you test that the functions
work. Some functions require only one program; therefore, you would be able to
test the function and the program at the same time.

Test simple programs within simple functions first. For example, an inquiry
program within an inquiry function is usually a good place to start.

Each test should build upon the preceding one. For example, if a program reads
three different record types, you should test that the program can read one, then
two, then all three record types.

After you test each application function, test the application as a whole in the
environments it will be used (for example several people using it at the same time).
When you are confident that the entire application works by itself, run it with other
applications. These steps can help you find concurrent processing errors such as
file sharing problems or incorrect input received from another application.



Let Users Define Test Cases

Testing, like the other steps in application design, needs user participation. Let the
users help define the test cases. The users should be able to define typical
situations that test each application function.

Use Realistic Test Data

Use realistic test data; for example, use actual customer numbers, item numbers, or
orders. Label test data and save it for future reference. You will want to retest the
application if you uncover errors or if you change functions after the application is
installed and operational.

Test data should include (1) normal and expected conditions and (2) error and
unexpected conditions.

Normal and Expected Conditions

Test that the application works when everything goes as it should; for example,
without operating errors, without program errors, and with correct input. For
example, you might test these order entry functions under normal conditions:
« Open a new account
« Update a new account
e Close an existing account
« Update many existing accounts
« Generate a picking slip report
Error and Unexpected Conditions
To test these conditions use incorrect data or operating procedures. For example:
« Use nonexistent account numbers
« Update a closed account

« Enter data that has incorrect dates or totals

« Use combinations of data that have multiple errors or data that has both
correct and incorrect values

« Run a program with wrong input
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Use Sufficient Amounts of 'Test Data

Document the Test
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In addition to using realistic test data, you should test that the application can
handle the expected volumes of data. You might, for example, test how many
orders can be processed in an hour or in a work day.

Keep a record of test data used for input, an explanation of each test, and
descriptions of the expected results from. each test.



Step 6. Conversion and Installation

In nearly all cases, your application replaces current methods, even though they are
partly or entirely manual methods. At some time, the current methods must be
replaced by the new application. There are two basic methods of converting to the
new application:

o The new application runs in parallel with the existing methods. The new
application is car<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>