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Notices 

References in this publication to IBM products, programs, or services do not imply 
that IBM intends to make these available in all countries in which IBM operates. 

Any reference to an IBM licensed program or other IBM product in this publication 
is not intended to state or imply that only IBM's program or other product may be 
used. 

IBM may have patents or pending patent applications covering subject matter in this 
document. The furnishing of this document does not give you any license to these 
patents. You can send license inquiries, in writing, to the IBM Director of Commer
cial Relations, IBM Corporation, Purchase, NY 10577. 

The following terms, denoted by an asterisk (*) in this publication. are trademarks of 
the IBM Corporation in the United States and/or other countries: 

+ AD/Cycle Application System/400 
+ AS/400 C/400 
+ COBOU400 DATABASE 2 
+ DB2 Distributed Relational Database Architecture 
+ DRDA FORTRAN/400 

+ IBM MVS/SP 
+ NetView Operating System/400 <. + OS/2 OS/400 
+ Personal Systeml2 Presentation Manager 
+ PS/2 RM/COBOL-85 

+ RPG/400 SAA 
+ Series/1 SQU400 
+ SystemView System/370 
+ System/390 Systems Application Architecture 
+ VTAM 400 

This publication could contain technical inaccuracies or typographical errors. 

This manual may refer to products that are announced but are not yet available. 

This publication is for planning purposes only. The information herein is subject to 
change before the products described become available. 

This publication contains examples of data and reports used in daily business oper
ations. To illustrate them as completely as possible, the examples include the 
names of individuals, companies, brands, and products. All of these names are fic
titious and any similarity to the names and addresses used by an actual business 
enterprise is enti rely coincidental. 
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About This Manual 

The information in this manual is directed at: programmers who wish to have a 
+ 	 better understanding of the basic concepts of the IBM Operating System/400 
+ 	 (OS/400); users who wish to maintain application programs on the AS/400 system; 

and users responsible for operating and maintaining the AS/400 system. This 
manual discusses object management, data management, work management, inte
grated database, communications, programming environment, security, and other 
general programming concepts as they relate to the AS/400 system functions and 
uti! iti es. 

Use this manual to get a general understanding of how the AS/400 system can be 
used. Topics are discussed at a very conceptual level and strategies for using the 
functions are provided. References are made in each chapter that direct you to 
information that will help you complete specific tasks related to the concepts dis
cussed in the chapter. 

You may need to refer to other IBM manuals for more specific information about a 
particular topic. The Information Directory, GC41-9678. provides information on all 
the manuals in the AS/400 library. 
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Chapter 1. Introducing the AS/400 System 

+ 	 The AS/400* system is a family of mid-range computers based on a single software 
+ 	 architecture. It provides many integrated features that form the foundation of the 
+ 	 computer system. The Operating System/400* (OS/400*) licensed program, provides 

a comprehensive, fully integrated set of batch and interactive work management 
functions that make processing application programs efficient and productive. 
Built-in data management functions provide a full range of data description capabili
ties and a consistent interface for access to data. All data can reside in a single, 
integrated relational database, with query functions that make informalion readily 
available. These functions, combined with a wide range of high-level language 
compilers and utilities, provide users with highly productive application develop
ment lools. System utilities and system management functions, such as message 
handling, spooling, diagnostic support, and electronic customer support, make oper
ating the system convenient to use and easy to understand. Business operations 
are complemented by the integrated office enablers and sophisticated communi
cations components of the system. 

+ 	 This chapter briefly discusses the topics listed in the following table. If you would 
+ 	 like more information on the topic, and there is more information available in an 
+ 	 IBM manual, the manual is listed in the right column is a good first reference. 

+ 	 Topics 

+ 	 Operating system 
+ 	 Licensed programs 
+ 	 Hardware 

+ 	 System architecture 

Operating System 

First Reference 

System Introdllction. GC41-9766 

No additional manual 

The OS/400 licensed program supports the IBM AS/400 system. It controls the oper
ation of programs and provides services such as controlling resources, scheduling 
jobs, controlling inpul and output, and managing data. The OS/4OO program is 
designed to complement and extend the advanced capabilities of the AS/400 system 
to provide fully integrated support for interactive applications. To supplement the 
full range of the interactive environment. the AS/400 system also processes multiple 
batch applications at the same time. 

The AS/400 system supports three operating environments: 

• 	 The 08/400 program supports the functions of the AS/400 system as well as 

both the System/36 and 8ystem/38 environments 


• 	 The 8ystem/36 environment supports 8ystem/36 application programs and pro
cedures 

• 	 The System/38 environment supports System/38 application programs 

Programs can include data, procedures, or programs from any operating environ
ment. For example, an 08/400 control language program could use a System/36 
procedure in the 8ystem/36 environment or run a System/38 program from the 
System/38 environment. 

© Copyright IflM (-"rp. 1991 1-1 
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Many of the functions of the OS/400 program are directly applicable to interactive 
data processing. Among these functions are: 

• 	 Database support to make up-to-date business data available for rapid retrieval 
from any work station 

• 	 Work management support to schedule the processing of requests from all work 
station users 

• 	 Application development support that allows online development and testing of 
new application programs to run at the same time as normal production activ
ities 

• 	 System operation support that allows the user responsible for system oper
ations to perform work from the display station using a single control language, 
complete with prompting and help for all commands 

• 	 Help and index search support that allows users to request online information 

on a wide variety of topics 


• 	 Message handling support that allows communication between the system, the 
user responsible for systems operations, work station users, and programs 
running in the system 

• 	 Security support to protect data and other system resources from unauthorized 
access 

• 	 Service support that allows service personnel to diagnose problems and install 
new functions with minimal affect on the normal now of work 

The system can be set up and installed using system defaults for basic functions. 
As the needs of the business grow, the use of controls and functions can be 
increased without disrupting applications that are already installed on the system. 

Figure 1-1 on page 1-3 shows the relationship of operating system functional areas 
within the AS/400 system structure. For example, most database management are 
spread throughout different layers of the system, but the control language command 
analysis and interpretation are completely provided by the operating system. 
Notice how the layers interface and support the user's interface to the system. The 
help and command interface are available through all of the OS/400 program layers 
of the system, including the programming environments and licensed program utili 
ties. 

1-2 System Concepts 
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Figure 1-1. ASI400 System Structure 

08/400 functions are accessed either through the use of a comprehensive set of 
menus or through the control language (CL). Other A8/400 licensed programs, such 
as high-level languages and the Application Development Tools, also use 08/400 
menus and Cl. 

The A8/400 system is controlled through a single, consistent control language that is 
supported by the operating system. The control language provides the operations 
normally associated with controlling the operation of a system, such as: 

• Controlling the operation of input and output devices attached to the system 
• Submitting batch jobs 
• Ending a session with the system 
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In addition, many advanced functions used in data processi ng are provided. For 
example, data files and programs are created, the running of programs is con
trolled, and work station users can communicate with each other by using functions 
requested through the control language. 

Although the control language is the interface through which the functions of the 
operating system are controlled, it is not the only interface available to the user. 
Specialized interfaces are available, such as data description speCifications (DDS) 
and interactive data definition utility (IDDU), through which data in the system is 
described. The data is accessed and updated by high-level language programs 
using OS/4OO functions. 

The 05/400 program and other licensed programs provide the interface between the 
system user and the AS/400 system. These licensed programs capitalize on the 
advanced features of the AS/400 system, provided by both hardware and licensed 
internal code. Many functions that have traditionally been performed by system 
control programs are integrated into the licensed internal code so that they can be 
performed more efficiently. The interface between these functions and the system 
user is provided by the licensed programs that use the functions. Regardless of the 
function, the user does not need to be concerned about where the function is per
formed because the os/4oo program provides a single, consistent interface to all 
the system functions. Figure 1-2 shows a comparison between the traditional 
system design and that of the AS/400 system. With the added support provided by 
the system, the amount of programming effort can be reduced. 

Traditional System AS/400 System 

• 
Work Management IOperating System I} ~eoPle 
Spool Management Support 
Interactive Support 
Communications I Machine Interface 

t• 
• I 
• Task Management 

• Resource Management 
Task Management Storage Management 

Resource Management Data Access 


People Storage Management Data Base Management 
Support 

Data Access Security Management 
Data Base Management • 
Security Management • 

• 
• 

Machine Interface •J • 
Internal Code • 

Hardware Hardware 

RSLMOO6·1 

Figure 1-2. Interface to System Functions 

Object Management: The term object refers generally to named items (such as pro
grams or files) that are stored in the system. The object management functions 
allow objects to be grouped and arranged in the system. The object management 
functions allow users to create, update, and delete objects by name, without 
needing to specify the exact storage locations of the objects. 
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Work Management The work management functions provide the framework 
through which the system and all the work performed on the system are controlled. 
These functions support an environment running more than one computer at a time 
and manage competition between jobs for main storage and other system 
resources. The work management functions allow work to be submitted by the user, 
presented to the machine to be processed, and controlled by the user responsible 
for systems operations. 

+ 	 Data Management: The data management functions support documents, database 

+ 	 files, and device files. Data management for documents and database provides the 
functions required for creating and updating database files and performing input and 
output operations on them. Data management for the devices provides input and 
output operations for both local and remote devices attached to the system, 
including many unique functions to support the display and printer devices. 

+ 	 Application Development: A programmer can develop application programs inter

+ 	 actively from a work station using the Application Development Tools licensed 
+ 	 program, OS/400 CL commands, or the cross-platform Application 
+ 	 Development/Cycle (AD/Cycle") set of tools. The development activities include: 

• 	 Defining files 

• 	 Entering source programs 

• 	 Compiling programs at the same time with normal system operations without 
interrupting the normal flow of work on the system 

• 	 Testing programs in a protected environment so that production files can be 
used as input by a program being tested, but are protected from being changed 
by the program 

• 	 Alternating between two or more interactive jobs during the same session, such 
as reviewing a display of a compiler listing and reviewing the value of program 
variables 

• 	 Debugging a program online using the OS/400 program-provided functions to 
locate program errors 

• 	 Correcting the program source and recompiling the program 
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As shown in Figure 1-3, application development on traditional systems often 
requires programmers to learn multiple development tools. On the AS/400 system, 
all programming development services are integrated into a single application 
development environment. 

Traditional System AS/400 System 

Programmer Language LanguageDevelopment 
A ATool 

IntegratedProgrammer LanguageLanguage Programmer.::ip.~--+! Development 
B BServicesTool 

Programmer 
Development 
Tool 

Language
Language C 

C 

RV2W438-0 

Figure 1-3. Program Development Environment 

+ The AD/Cycle program on the AS/400 system further integrates the development 
+ process across the product life cycle_ Specifically, AD/Cycle provides products that, J+ when used together, form a framework for developing new products and maintaining 
+ existing products efficiently_ This framework: 

+ • Extends the IBM Systems Application Architecture" (SAA") to application devel
+ opment 

+ • Integrates application development tools across the product development life 
+ cycle 

+ • Enables centralized sharing and management of application development infor
+ mati on 

+ • Supports enterprise and technological evolution of methodologies, processes, 
+ and tools 
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System Management The AS/400 system integrates most major functions by 
making them a part of the operating system. For example, a user can control the 
operations of jobs and subsystems, respond to system messages, perform save and 
restore operations and so on. These operations can be performed from any work 
station by authorized users and are not restricted to a single person. Figure 1-4 
shows the segregated functional design of traditional systems in comparison to the 
integration of functions on an AS/400 system. 

Traditional System 	 AS/400 System 

/ 	 Operati ng System r Graphics 0 / / 
/ 0I Basic Office 

Graphics
L Basic Office 

Security 	 Interacti ve Support I 	 0 
L 

Interactive Support I D 	 VL 
CommunicationsI 	 D 

L 
Data Base 	 Licensed Internal Code I D / 	 / 

Operating System Security 
Communications 

Data Base 

/ 	 DI Internal Code V 
RV2W457-0 

Figure 1-4. Integrated System Management 

+ 	 Control Language: Whi Ie the menu system is the primary interface to the OS/400 
+ 	 program functions, the control language is also available to directly access system 

functions and can be used at the same time by users from different work stations. A 
single control language statement is called a command. Commands can be 
entered: 

• Individually from a work station 
• As part of batch jobs 
• As source statements to create a control language program 
• As part of a Procedures Language 400/REXX (REXX) program 

To simplify the use of the control language, all the commands use a consistent 
naming convention. In general, the first three letters refer to the action to be taken, 
the next three refer to the object of that action, and the last characters, if any, 
provide an additional descriptor of the task to be performed. For example, the 
WRKJOBD command tells the system that the user wants to work with a job 
description. In addition, the operating system provides prompting support for all 
commands, default values for most command parameters, and syntax checking to 
ensure that a value is typed correctly before the function is performed. Thus, the 
control language provides a single, flexible interface to many different system func
tions. 
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Procedures Language 400IREXX: The SAA program defines a procedures language 
that can be used on all SAA platforms. REXX is the AS/400 system implementation 
of that SAA definition. As an integral part of the OS/400 program, it supports the 
level 2.0 SAA language definition, with the exception of natural stream support. (For 
more information on the SAA program, see "SAA Support on the AS/400 System" on 
page 9-11.) 

Communications: The communications structure supports multiple architectures in 
a flexible and extendable fashion, by supporting multiple, communications architec
ture implementations and the sharing of physical resources. Documents, data, and 
files can be exchanged with remote systems as well as allowing remote users to 
access files and application programs on the AS/400 system. 

Additionally, the retail communications support provides a user interface to send 
and receive files between an AS/400 system and a retail controller. 

Licensed Programs 
Licensed programs provide additional function to help the user operate the AS/400 

+ 
+ 
+ 
+ 

system efficiently and to develop application programs. They range from special 
programming languages and programmer utilities to application enablers such as 
PC Support/400, providing an AS/400 interface for personal computers, and 
OfficeVision/400, with its electronic mail and word processing features. Languages 
and utilities for editing, compiling, and debugging are also available under the 
AD/Cycle framework. These are integrated throughout the design, build, and test 
stages of product development. 

Languages 
Several programming languages are available which allow the application pro
grammer to choose the language most appropriate to the application. The following 
are some of the available languages: 

+ 

AS/400 Pascal 
AS/400 PUI 
AS/400 BASIC 
RM/COBOL-8S* 
COBOU400· 
RPG/400· 
FORTRAN/400· 

Utilities 
Utilities are designed to help the application programmer create programs and to 
help the system operator manage the system. Some available utilities include: 

• Application Development Tools help the programmer design screens and 
menus, create programs, create and edit source files and generally increase 
programmer productivity. The following are some of the functions available: 

Programming development manager (PDM) provides programmers an easy
to-use menu interface, each of which can also be accessed directly from the 
command line. For example, STRSEU typed on the command line starts the 
source entry utility function. Such flexibility allows programmers to move 
easily between phases of program development, such as editing, compiling, 
and debugging. 
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Hardware 

Source entry utility (SEU) provides entering and editing capabilities for cre
ating application program source 
Screen design aid (SDA) provides assistance in the creating of screens 
Data file utility (DFU) helps users add or change records in a data file 

• 	 Business Graphics Utility (BGU) produces various graphic representations of 

the data in line, bar, and pie charts from existing data 


• 	 Performance Tools helps the system operator fine-tune system operations, such 
as batch processing, to achieve the highest level of performance from the 
system within the user's requirements 

• 	 Query organizes data for creating reports and summaries from existing data

base files 


• 	 System/38 Utilities provides support for programs, such as System/38 Data File 
Utility and System/38 Query, that run in the System/38 environment 

The AS/400 system insulates the users from the characteristics of the underlying 
hardware by use of a layered architecture. Various models of the AS/400 family of 
midrange computers are available to meet the needs of all sizes of business enter
prises. However, a single operating system supports the entire product line. This 
means programs can be run on any AS/400 system and moved between systems 
without change. 

The machine product is made up of three layers, with a high level machine interface 
(MI) separating the programmer from the detailed implementation. 

Hardware 

~ 	 ~~ 
Figure 1-5. ASI400 Machine Product 
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Machine Interface (MI) 
The MI is supported by the upper layer of licensed internal code, which contains two 
classes of support. 

• 	 One class is operating system functions, like storage management, data man
agement, and 110 support. 

• 	 The second class is the translator, which converts MI instructions into 
instructions at the internal microprogramming interface (IMPI) level. The con
version performed by the translator is analogous to an optimizing compiler. 
Individual MI instructions are converted into one or more sequentiallMPI 
instructions or into calls to internal routines, which are sets of IMPI instructions 
that process the requested function. Like the AS/400 operating system, the MI 
instruction set is object oriented. 

Internal Microprogramming Interface (lMPI) 
The Internal Microprogramming Interface is supported by a second layer of licensed 
internal code which interprets the IMPI instructions. The IMPI also consists of two 
classes of support which distribute some of the functions between them. 

• 	 One class is the operating system support functions, such as storage manage
ment, security, and database integrity, task sending, task and message queuing, 

+ 	 and I/O processing. These functions are written in vertical licensed internal 

+ 	 code (VUC). 

• 	 The second class consists of the traditional computational and branching 
instructions and extended IMPI functions. IMPI instructions are interpreted by 
the next lower level of microprogramming called horizontal licensed internal 
code. The interpretation is supported by horizontal licensed internal code rou
tines, consisting of one or more horizontal licensed internal code instructions 
called control words. The system processor or hardware directly decodes and 
processes the horizontal licensed internal code control words. The IMPI 
instructions are a set of register, storage, and branching instructions. 
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System Hardware 
The system hardware includes the processor and main storage, the 1/0 devices and 
controllers, and the racks, cables, and connectors that make up the AS/400 system. 
The hardware design allows system components to be located throughout the enter
pri se to meet the needs of the work place. System components such as additional 
racks, 1/0 controllers, and storage and workstation devices can be added incre
mentally without reconfiguring the entire system. 

Single Unit System Multi-Unit System 

AS/400 System AS/400 System 
9406 9406 

AS/400 System 
9404 

RV2W455.() 

Figure /-6. AS/400 System Configurations 

System Bus 1/0 Architecture 
The AS/400 system is designed around the system bus 110 architecture, which con
nects the 110 processors to the system processor. An 110 processor communicates 
with the system processor and controls the devices attached to it. Each 1/0 
processor must have the correct licensed internal code loaded to communicate with 
the 08/400 program. 
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Each I/O processor has programmed instructions that run tests on its own hardware 
and I/O devices, when the system is powered on, to ensure that all devices are 
working correctly. But to be fully operational, each I/O processor must also load 
additional internal code into its storage to support its functions. For example, I/O 
controllers with disk, tape, and diskette devices are able to load themselves either 
from the system main storage or from a tape that the operator has mounted. All of 
the I/O controllers attached must be able to down load their licensed intnrnal code, 
which is stored in the system. 
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Figure 1-7. High-Level View of AS/400 Hardware and Software 
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Bus Control 
The system I/O bus connects the service processor, the system processor, and the 
I/O processors, as shown in Figure 1-7 on page 1-12. Each bus contains one bus 
control unit, which provides control over bus arbitration and error detection and 
recovery. 

The bus I/O architecture provides expandability for future system growth. Addi
tional 110 controllers and devices are totally managed by the system processor for 
the end user. When a new 110 controller is added, it indicates its presence when the 
system is started by passing self-identifying vital product data. If the I/O controller 
has an associated 110 adapter or devices, they will also indicate their presence. 
This information is passed to the operating system, which automatically includes the 
new hardware VPD in the system resource tables during automatic configuration. 
The bus I/O architecture allows the user to add new devices (tapes, diskettes, 
locally attached work stations, printers, and so on) to existing I/O processors, 
without interrupting system operations. 

The flexible design of the I/O bus architecture and the innovative design and distri 
bution of function among the I/O processor hardware and programmed instructions, 
and the system processor, gives the user better performance while allowing concur
rent operations between many devices. 

AS/400 System Architecture 
The architecture of the AS/400 system distributes functions across the elements of 
the system including how the system organizes work and information to facilitate 
operations. Figure 1-8 shows the basic system architecture. 

Program 
Operating Compilers Applications 
System/400 and 

Utilities 

/ High·Level Machine Interface 

Instruction Set 


High· 
Level 
Machine 

Licensed Internal Code 

.... 

'----..........._........_............_....... ---y/// 

_ Hardware ./ 
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Figure 1-8. The ASI400 System Architecture 
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With the machine interface provided by the licensed internal code, the AS/400 
system can adapt easily to new hardware and software technologies without 
makeing obsolete the existing application programs. 

Object Orientation 
+ 	 The object-based architecture of the machine is fundamental to the overall design of 

the functions provided by the AS/400 system. Each type of object on the AS/400 
system has a unique purpose within the system. Each has an associated set of 
commands with which to process that type of object. The object-oriented architec
ture provides a common framework for efficiently handling information and work on 
the system. 

Using this object orientation, machine interface instructions can handle everything 
in a consistent manner. 	Each object is recognized by the system by its type, which 
determines how it can be used. Complex system components combine several 
types of primary objects to provide composite objects. (For example, a complex 
command can call a program consisting of several simple commands.) These com
posite objects are the constructs generally visible to the user; they are easier to 
understand and control because the complexity is handled by the system. For 
example, a physical file is a user construct that is made up of a data space object 
that stores the data, a cursor object that provides addressability into the data space, 
and optionally, a data-space-index object that provides logical access to records 
stored in the data space. 	By combining primary objects, system integrity can be 
achieved because proven functions are used, and system performance can be 
improved by carefully tuning highly used functions. 

Some objects are shipped with the system or created by the OS/400 program. They 
include objects such as the subsystem description for interactive and communi
cations work and device descriptions created by the system during automatic con
figuration for detected devices. The system uses the objects to track operations and 
manage work submitted directly by the user or by the application programs. The 
system operator or user can manage these objects through programs and control 
language (Cl) commands. 

Users can also create objects to help manage their work on the system. These can 
include libraries to organize files, programs to manipulate those files, and even cus
tomized spelling aid dictionaries. The object management functions provided by the 
system help the user manage these objects. 

Storage 
The system uses storage as the work space for all the tasks requested either by 
users or programs. Storage management is handled by the system. As requests are 
made, objects are moved into the main storage. 
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Single-Level Storage 

Storage Pools 

The AS/400 system is a shared storage system in which all portions of main and 
auxiliary storage are addressed as though they are within a single area (or level). 
The system uses the object name to determine where the object exists in the 
system. This means that the user can find objects by name, rather than by storage 
locations. Because operations cannot be performed on an object that is not in main 
storage, the system moves all, or a part, of the object into main storage as it is 
needed and moves it back into auxiliary storage when it is not needed. This transfer 
is controlled by the system and does not require control by the user or programmer. 
Figure 1-9 shows how objects are moved into the single-level storage area. 
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Figure 1-9. Objects are Moved into the Single-Level Storage Area 

Because the AS/400 system is also a system running more than one computer at a 
time, main storage must be available for all the jobs that are running at the same 
time in the system. To reduce the amount of interference among jobs that are com
peting for main storage and to prevent a very large job from using too much main 
storage, main storage can be subdivided for use by different groups of jobs. Main 
storage is divided into storage pools, which are logical segments of main storage. 
When the system retrieves an object from auxiliary storage for a job, the object (or 
the part of the object that is needed) is moved into the storage pool in main storage 
that is assigned to the job that is running. 
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Main storage: A storage pool provides a restricted quantity of main storage to the 
jobs that run within that storage pool. A storage pool is not necessarily a contig
uous partition of main storage. Rather, it is 1 K (1024 bytes) increments of main 
storage that are available to the jobs running in it. These increments can be located 
anywhere in main storage. 

The AS/400 system reserves some of the main storage for system control objects 
that are always present in the system. These objects are not paged in and out 
during system operation. This storage is allocated to the system when the system is 
started. Other system functions, not directly related to system control, are paged in 
and out and use a storage pool that is assigned to the system itself (machine pool). 
The OS/400 program defines another storage pool that automatically includes all the 
main storage that is not assigned to some other storage pool. A total of up to 16 
different storage pools can be used at the same time. 

Shared objects: The sharing of objects by individual users simultaneously using 
the system provides efficient use of main storage. When an object (such as a 
program or a database file) is used at the same time by more than one system user, 
only one copy of that object is placed in main storage, even though the users might 
be running jobs in different storage pools. Any number of users can be using the 
object. The system synchronizes the requests between users as necessary. This 
object sharing reduces the amount of paging performed by the system and also 
reduces the need for large storage pools when users are sharing an object. 

Storage management Most of the storage management functions are performed 
and controlled by the operating system. The OS/400 program provides the com
mands necessary for a programmer to establish the storage pools and assign jobs 
to them to ensure that jobs run efficiently. 

In Figure 1-10 on page 1-17, Program A calls another program. The system 
retrieves program B from auxiliary storage and moves it into main storage. 
Program B requires a record from the data file. The system also moves the data file 
into main storage. Program D also uses Program B and Data File C. Because they 
are already in main storage, the system does not need to retrieve them. Such con
servation of resources, saves the system two read/write operations, and improves 
the overall performance of the system. 
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Figure 1-10. Virtual Address Space 

Character Sets 
A collection of characters that are recognizable by a system is called a character 
set Character sets are encoded as bit patterns so that each character is assigned a 
predefined number or code point Oepending on the encoding scheme used, an 
individual character can occupy one or more bytes of storage. 

Single-Byte: The most commonly used is the single-byte character set It is so 
called because it requires only 1 byte to represent each of the characters. Using this 
character set, 256 characters can be represented. It is used for numbers as well as 
languages such as English and western European languages. 

Double-Byte: This set of characters requires 2 bytes to represent each character. 
Languages that contain more symbols than can be represented by 256 characters 
require double-byte character sets (OBCS). These languages include Japanese, 
Chinese, and Korean. The AS/400 system provides support for reading and writing 
the characters. The AS/400 advanced OBCS printer utility supports printing these 
characters. Additionally, the character generation utility (CGU) allows the user to 
design new OBCS characters and change the existing OBCS characters available on 
the AS/400 system. 

+ National Languages 
It is most convenient for users to communicate in their national language, such as 
English, French, and Japanese. The AS/400 system supports 22 national languages. 
The system can support having different work stations responding in different 
national languages depending on the configuration options chosen. Multinational 
businesses can produce documents for each of the countries they support and let 
the system check the spelling on each of them. 

Chapter 1. Introducing the AS/400 System 1-17 



IBM Confidential GC41-9802-00 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

All the AS/400 licensed programs have two parts: the program coded needed to 
make the programs work, and the textual data, consisting of messages, prompts, 
displays, and online information. The textual data is translated into the different 
national language versions, the program code is not. The exception is the IBM Lan
guage Dictionaries licensed program, which provides spelling dictionaries for 
OfficeVision/400. The language dictionaries for the different national languages are 
not considered textual data. They are not translated from English, and there is no 
other textual data associated with this product. 

High-Level Machine Interface 
Access to the system function is provided by a powerful, consistent, high-level 
machine interface (MI). The level of the machine language is closer to the functions 
a programmer or other user normally performs. For example, machine instructions 
can be used to get a database record, perform multiple programming tasks, handle 
storage management, and even Query a database file. In traditional systems, such 
functions are handled by many programs. A high-level machine improves the integ
rity and reliability of the system. A programmer writes fewer instructions to accom
plish a task on the AS/400 system. The fewer the instructions, the fewer the number 
of potential errors. Additionally, due to the wide range of functions available in the 
interface, a high-level machine reduces the development costs for operating 
systems, languages, and utilities. Functions available include: 

Programming language functions: This includes data type conversions, storage 
allocations, procedure management, and embedded programming primitives: 

Symbolic program debugging: The programmer can incorporate breakpoints into 
the source. The program can be run in debug mode stopping at the breakpoints to 
let the programmer check variables and field values. This operation can be done 
independently of other users on the system, even those who may be using the files 
or programs at the time. 

Supervisory and control functions: This allows many high-level languages to be 
used to produce an application. For example, the data entry routines could be 
written in COBOL and the data manipulation in Pascal. The now between the 
control by the application programs and the control by system functions could be 
managed by the OS/400 control language. 

Data management functions: The functions used by most programs to access and 
manipulate data include declare, update, delete, retrieve, group, and recover, as 
well as data dictionary support. The data dictionary, which can be accessed by all 
of the programs, contains information about data such as meaning, relationships to 
other data, origin, usage, and format. 

1-18 System Concepts 



IBM Confidential GC41-9802-00 

Chapter 2. Object Management 

+ 
+ 
+ 
+ 
+ 

<... + 

+ 

t 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

Everything on the system that can be stored or retrieved is represented as an 

object. An object is made up of a set of attributes that describe the object and a 

value. The attributes of an object include its name, type, size, the date it was 

created, a short description provided by the person who created the object, and the 

name of the library in which it is stored. Each object has an owner. When the 

system is secured, authority must be granted to use or change the object. 


The value of an object is the collection of information that is stored in the object. 

For example, the value of a program is the code that makes up the program. The 

v~lue of a file is the collection of records that makes up the file. The concept of an 

object simply provides a term that can be used to refer to a number of different 

items that can be stored in the system regardless of what the items are. Some 

simple objects exist below the machine interface. These simple objects are com

bined to form composite objects, providing the programmer with access to the com

bined functions, and are accessible through a single CL command. 


Object management provides the functions necessary to place objects in storage 

and to locate objects needed for processing. This chapter briefly discusses the 

topics listed in the following table. If you would like more information on the topic, 

and there is more information available in an IBM manual, the manual listed in the 

right column is a good first reference. 


Topics 	 First Reference 

Object types 	 Programming: Control Language Programmer's Guide, 
SC41-8077

• Libraries 
• Folders 
• Files 
• Programs 
• Commands 
• Queues 
• User profiles 

Object management 

Security 	 Programming: Security Concepts and Planning, SC41-8083 

Other more specialized objects exist that relate to specific system tasks such as 
work management (jobs, subsystems, and device descriptions) and recovery strate
gies (journals and journal receivers). These are discussed in Chapter 10, "Work 
Management" and Chapter 11, "System Management and System Recovery." 
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Different object types have different operational characteristics. These differences 
make each object type unique. For example, because a file is an object that con
tains data, its operational characteristics differ from those of a program, which con
tains instructions. 

Objects are structured with a common object header and a type-dependent func
tional portion. For example, a program object header would contain a description of 
the object including the type, (program), and the owner, (the user who created the 
program). The functional part of the program object contains information that 
governs the way the object can be used. This allows the system to perform oper
ations collectively on all objects, as well as permitting each object to be tailored for 
its own purpose. Figure 2-1 shows the structure of an object. 
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Figure 2-1. Structure o( a n Object 

Each object has a name. The object name and the object type are used to identify 
an object. The object name is explicitly assigned by the system for system supplied 
objects or by a user when creating an object. The object type is determined by the 
command used to create the object. For example, if a program were created and 
given the name OEUPDT (order entry update), the program could always be referred 
to by that name. The OS/400 program uses the name (OEUPDT) and object type 
(program) to locate the object and perform operations on it (such as copy, move, 
and delete). Several objects can have the same name as long as their object types 
differ, or as long as they exist in different libraries. 
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Libraries 

There are several types of names supported on the AS/400 system. The rules for 
each type are summarized in Figure 2-2. In CL command definitions, the name 
requirements are used to determine the types of names allowed for a given 
command. 

Figure 2-2. Allowable Characters (or 'NAME, *SNAME, and *CNAME. 

Type of First Char- Min. Max. 
Name acter Other Characters Length Length 

*NAMEI A-Z, $ , #, @ A-Z, 8-9, $ , #, @, ,- 1 10 

'SNAMEI A-Z, $, #, @ A-Z, 8-9, $, #, @, - 1 10 

'CNAMEI A-Z, $, #, @ A-Z, 8-9, $, #, @ 1 10 

Quoted "3 Any except blank, " ?, 3 10 
name2 " " X'00'-X'3F', and 

X'FF' 

Notes: 

, The system converts lowercase letters to uppercase. 
2 Quotation marks n can only be used for basic names (*NAME). 
3 Both the first and last characters must be quotation marks n. 
Reprinted with the permission of News 3XI400. 

A library is an object that is used to group related objects and to find objects by 
name. Thus, a library is a directory to a group of objects. 

Libraries can be used to group the objects into any meaningful collection. Objects 
can be grouped according to security, backup, or processing requirements. For 
example, all personnel data files could reside in a single library with access to the 
files limited by authorization to the programs and to the library. Backup and 
recovery procedures are simplified by saving the related files as a group. 

The number of objects contained in a library and the number of libraries on the 
system are limited only by the amount of storage available. Thus, the number of 
libraries on a system can be tailored to the way the objects are used. 

Object Grouping: The object grouping is a logical grouping and does not affect the 
location of the object in storage. Thus, objects in a library are not necessarily adja
cent to each other. The size of a library, or of any other object, is not restricted by 
the amount of adjacent space available in storage. The system finds the necessary 
storage area for objects as they are stored in the system. If an object increases in 
size, the system automatically allocates additional storage to the object. 

Objects are placed in a library when they are created. An object can be moved from 
one library to another, but a single object cannot be in more than one library at the 
same time. When an object is moved to a different library, the object is not really 
moved in storage, but it is located through a pointer associated with the new library. 

Naming: A library name provides another level of identification to the name of an 
object. As described earlier, an object is identified by its name and its type. The 
name of the library further qualifies the object name. The combination of an object 
name and the library name is called the qualified name of the object. An unquali
fied name contains only the name of the object, and is useful only when the object 
and type are unique on the system or within the program's search path (library list). 
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An unqualified name is always valid. However, if the name and object type are not 
unique within the library search list, then the first occurrence will be used. 

Two different objects with the same name can exist in the same library, only if their 
object types differ. However, two objects with the same name and type can exist in 
different libraries. Because of this, a program that refers to objects by name can be 
used to process different objects (residing in different libraries) without any changes 
to the program. A user who is creating a new object does not need to be concerned 
about names used for objects in other libraries. 

There are three types of libraries: system, user, and product. 

System Libraries: The system libraries are used to organize information needed by 
the system to perform tasks and include: 

QSYS Contains objects that are provided as part of the operating system 

QHLPSYS Contains help information such as the index search and command 
help 

QRECOVERY 
Contains objects gathered from main storage during a recovery proce
dure 

User Libraries: IBM-supplied libraries are used to manage jobs and objects. Addi
tionally, users can create their own libraries to organize work on the system for spe
cific applications. 

QGPL 	 Shipped with the system to be used for user objects provided by the 
OS/400 program. 

QTEMP 	 Created by the system to contain temporary objects for each job and 
deleted when the job ends 

Current 	 A library name specified in the user profile for objects created by that 
user. Typically, it would be a user~created library. The default current 
library is QGPL. It has nothing to do with the library associated with 
the program being run. Objects created, but not qualified with a 
library name, go into the current library. 

User-created 
The user can create libraries to store objects pertaining to different 
tasks. For example, the INVEN library could contain all inventory 
information, programs, and data files. 

QUSRTOOL 	 Shipped with the system, this library contains tools and helpful pro
grams. Programs include system management utilities and tutorials. 

Product Libraries: These libraries contain the licensed programs and related 
objects. For example, QRPG contains objects related to the RPG/400, such as mes
sages, programs that make up the compiler, and related commands supplied by 
IBM. A product library is shipped with each licensed program. 

An object name can be specified as a qualified name (where both the object name 
and library name are specified) or as an unqualified or simple name (where the 
library name is not specified). If a qualified name is specified, the operating system 
attempts to find the object in the specified library. If a simple name is specified, the 
OS/4oo program searches a list of libraries until it finds the first occurrence of the 
object of that type and name or until it has searched all the libraries on the list 
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without finding the object. The libraries that are searched, and the order in which 
they are searched, is determined by a search list called the library list. The OS/400 
program automatically creates a default library list including the system library, 
product library, and the user's current library, for each job when the job is started. 
Separate libraries and library lists can be created for each user or group of users. 
Library lists include the system, product, current, and user libraries. 

System 	 Libraries in the system part of the library list are searched 
before libraries in the rest of the list. This specifies the 
libraries necessary to run system functions. When the 
system is installed, the system part of the library list consists 
of the system library (QSYS), the system file for user data 
(QUSRSYS), and the system help information (QHLPSYS). 
The list can be changed based on user needs. 

Product Library 	 The product library part is changed by the system as users 
run commands or menus to include the library where the 
program is stored. The product library will vary while a job is 
running, based on the function being performed. For 

+ 	 example, if a CL program also includes commands to COBOL 

+ 	 and Pascal compilers, the product libraries for those com

+ 	 pilers are accessed when those jobs are called. 

Current Library 	 The current library is the default library used for the creation 
of objects. For example, users can specify the current library 
for a job using CL commands, in the user profile, in a CL 
program that calls the job, or from the sign-on screen. The 
current library can be one of the libraries from the user 
library list or can be another library to which the user has 
authority. 

User 	 The user part contains the libraries used by application pro
grams to perform their functions. When the system is 
installed, this part contains the general-purpose library 
(QGPL) and the job's temporary library (QTEMP). When a 
system has a number of user-defined libraries, the user part 
of the library list can vary between different jobs. For 
example, for an order entry job, the user part of the library 
list might include: 

• OEUB (order entry library) 
• QGPL (general-purpose library) 
• QTEMP (job's temporary library) 

During a job, the user can specify a different current library 
and user part of the library list. This would change the 
libraries used and the order in which the libraries are 
searched. 
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The following diagram shows an example of a library list and the search order: J 
Search Order QSYS System Libraries 

QUSRSYS 
QHLPSYS 

QPDM Product Library 1 

QRPG Product Library 2 

IELIB Current Library 

TESTLIB User Libraries 
QGPL 
IELIB 
QTt:MP 
APPLIB 

RSLM168·0 

Strategies for Management Specifying only the object name and using the library 
list to search for the object can make the ASf400 system easier to use and more 
flexible. A library list can be designed for each job to ensure that the correct 
objects will be located without using the qualified names. This approach provides 
advantages such as: 

• 	 Easier testing of application programs. Libraries can be created to contain 
sample data when programs are tested. In the example above, the application 
programmer has created a test library, named TESTLB, which contains the new 
program and the data used to debug the programs. The actual data is contained 
in APPLIB. Because a library containing test objects is placed before the 
normal production library in the library list, those files will be used by the appli
cation and the integrity of the real data is preserved. The object names used in 
the test library are the same as those used in the normal production library. 
After the program is fully tested, that library can be removed from the user's 
library list and the program is moved to the application library. The program 
then processes objects contained in the production libraries, and the object 
names do not need to be changed in the program. 

• 	 Flexible use of the libraries on the system. As processing needs change, 
existing libraries may need to be divided into more than one library to help sim
plify the organization of objects on the system. This change does not require 
the names of objects in the programs to be changed. Only the library lists used 
by the jobs need to be changed. 

• 	 Access to multiple objects from a single program. Different system users may 
operate on different objects using the same application program. The library 
list for each user's job ensures that the correct objects are used by the program 
for each user. 

Because of these advantages, qualified names are not usually specified in the 
program when existing objects are used. However, the qualified name can be spec
ified in situations where it is more efficient than changing the library list or where 
several objects exist with the same name and type to ensure that the correct object 
is used. 
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Folders 
A folder is a named object that is used as a directory for documents and other 
folders. For example, users from a personal computer network could store personal 
computer programs, files, and documents created with their word processing 
program in folders on the AS/400 system. 

Folders can be filed within another folder. Folders within folders are similar to a 
filing cabinet. The first folder, or root directory, as it is called on the personal com
puter, would be the file cabinet itself. Folders within folders can be compared tothe 
drawers within the file cabinet. The actual files within the drawers are folders 
within folders within folders, and so on. The structure begins at the first directory 
and proceeds to related folders. This structure was chosen for folders so that per
sonal computer users can share files within the network (from PC Supportl400 
through the AS/400 system). 

A folder path is a list of the folders within folders needed to find a document or 
object within a folder. Figure 2-3 shows how folders and folder paths are used to 
find information. Notice the organization within the folders. The objects are 
grouped according to categories. This makes it easier for the user to locate the doc
uments when editing. In the example, the user organized the documents by reports 
and memos. The report category is further divided by the month of the report. The 
path to the document APRI L begins in MYTEXT, the root directory, through the 
REPORTS folder to the MONTHLY folder. 

MARY 

\ 
\ 
\ 
\ 
\ 
\ 
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\ "NNUAL 

\ 1~ 'I~ ::~.o~l~~Y::',;,', 

il 
\ REPORTS 

Figure 2-3. Folder Paths to Find Information 

In addition to the functions provided by the AS/400 operating system, PC 
Support/400 allows users of personal computers connected to an AS/400 system to 
share folders and documents with AS/400 system users. Information is stored on 
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the AS/400 system but is accessed by the PC Supportl400 user as if the data resided 

+ 	 on a personal computer hard disk. The commands work the same when a drive is 
assigned to a folder as they do when the drive is physically located on the personal 
computer. (Without PC Suppor1l400, the personal computer connected to the AS/400 
system functions as a dependent work station.) 

Files 
+ 	 A file is an object that contains either a set of related records handled as a group or 
+ 	 a stream of data. One of the most common types of files that contains records is the 
+ 	 database file. A document is a type of file that contains only a stream of data. 

Programs perform read and write operations on these files. For example, a file 
could contain all of the payroll information including employee numbers, salary, 
benefits, and withholding information. To create a report, a program would need to 
open the file, read information from the file, process the information, close the file, 
and write the results to a device. 

Device files contain a description of how data is to be presented to a program from 
a device or to a device from a program. For example, when sending a request to a 
printer, an application must format the data according to how the printer can 
process it, for example, the placement of the data on the page. On the AS/400 
system, the device file can be used to format the data for multiple application pro
grams so that the individual programs do not have to include the information. 

Programs 
There are two general types of programming languages on the AS/400 system 1 

1 • Interpreted 

1 • Compiled 

For interpreted languages, such as REXX, the program only exists in source form. 1 
As a result, such programs are contained in a file object only. For compiled lan1 
guages, the source code is processed by the compiler which generates a program. 1 
The source code exists in a file object and the compiled program exists in a 1 

I. 	 program object. 

A program is an object containing a set of instructions that tell the system where to 
get information (input), how to process it. and where to put the results (output). 
When the system compiles the program description, the object type identifies it as a 
program. Because it is a program object, the system begins to read the lines of 
code and to process the commands. A program object is compiled from a set of 
instructions contained in a source file. 

Command Definitions 
Command definitions are objects that contain the description of the command 
(including the command name, parameter definitions and syntax checking informa
tion) and identify the program that performs the function requested by the command. 
The system provides a large set of commands, but the user can also create and cus
tomize commands. The command definition statements, used to define commands, 
contain the information necessary to prompt the work station user for input, to check 
the accuracy of that input (for example, range of values), and to define the values to 
be passed to the program that is called when the command is run. Existing com
mands can be changed by the user. For example, the command could be changed 
to restrict possible parameter values, change the defaults, or even change the name 
to reduce the number of keystrokes needed. 
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Queues 
A queue is a list of objects that are waiting to be processed. These range from user 
requests from interactive work stations to batch jobs waiting to be processed. There 
are four types of queues: job, output, message, and data. Even though they have 
similar functions they are unique object types. 

Job 
The system handles multiple operations at the same time and supervises the 
sharing of system resources. As opposed to the time it takes to process the data, 
interactive programs spend a relatively large amount of time waiting for users to 
enter data. The system recognizes the wait times and uses them to process other 
programs. Batch programs seldom require any display station input, however, they 
often require longer times for calculating and processing. Even though the system 
can easily recognize batch programs, it can do little to improve their performance. 
What the system can do is minimize the effect of batch programs on the response 
time for interactive programs. 

The job queue manages the batch requests submitted by the users. Users can then 
continue to work at their work station on other tasks while the system processes 
their request. For example, the data for the payroll is entered interactively, but the 
processing of the data, including calculating tax deductions, is typically processed 
as a batch job. Management of the queue allows the user to arrange jobs by priority 
which, in turn, can affect system performance. For example, jobs requiring exten
sive processing can be set to run overnight and would not affect work station users 
on the system. 

Output 
As requests for printed output are received by the system, they are processed and 
placed in a queue until the device is ready to print the information. Like the job 
queue, requests in the output queue can be arranged by priority depending on the 
user's needs. 

--- -Print File 
in Output 
Queue 

RV2W439-0 

Figure 2-4. Objects Involved with Output 
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Message 

Data 

Communication between programs, between jobs, between users, between users 
and programs and between users and the system occurs through messages. When 
a message is sent to a program or to a system user, it is placed on a queue associ
ated with that program or user. The program or user sees the message by 
receiving it from the queue. The OSI400 program automatically provides message 
queues for: 

• Work stations on the system 
• Users enrolled on the system 
• Users responsible for system operation 
• System history log 

Additional message queues can be created by the user to meet any special applica
tion program requirements. For example, a message queue called PRGQ could be 
created for an application to receive messages from the system regarding the status 
of objects the application requires. If the system detects that an object is damaged, 
a message is sent to PRGQ which, in turn, notifies the user that the object may need 
to be restored. 

Depending on the severity of the message, messages sent to message queues can 
be held until the program or user decides to receive them. In the example above, a 
break message could be sent, which would attempt to display the message to the 
user at the time the message was received and give the user the opportunity to 
respond immediately. If the user is not signed on the system, the message is 
placed in the message queue. 

~ 
~ 

Message 
Queue 

Message 
File 

RV2W444-0 

Figure 2-5. Messages in a Queue 

When running an application consisting of several programs, it is often necessary to 
pass data and variables to other programs. Programs can set up data queues to be 
used by the entire application so that all programs can refer to a single set of data 
and variables passed to the programs through the queue. Other applications can 
also refer to the information in the queue. Like other queues, the values can be 
used immediately or be held for processing at a later time. 
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User Profiles 
A user profile is an object that identifies a particular user or group of users to the 
AS/400 system. The user is known in the system by a user profile name. When a 
work station user signs on, the user 10 is used to find the user profile. The pass
word is defined in the user profile. All AS/400 system security functions rely on a 
user profile to describe each user. The user profile identifies which objects and 
functions the user is authorized to use, identifies the first menu the user sees, and 
also identifies a program that is to be run when the user signs on the system. For 
example, a data entry operator requires the data entry menu and a user responsible 
for system operations might require the system menu. 

A group profile is used to provide the same profile for a group of users. For 
example, a group profile could be assigned to a group of data entry operators with 
update authority for the data files. This el iminates the need to assign the authority 
to each user individually. 

Object Management Operations 
+ Programs, files, and queues all have many similar system requirements such as 
+ storage space or security. The functions performed by most of the control language 

commands are applied to objects. Some commands can be used on any type of 
object and others apply only to a specific type of object. Some are performed by the 
user, others are performed automatically by the system. 

General Operations 
The operational characteristics of objects vary depending on the type of object 
involved. For example, some operations that apply to files do not apply to programs 
and vice versa. Additionally, Work with operations differ from Display operations in 
that the object can be changed. The following set of operations apply to most object 
types: 

Allocate 	 Reserves an object for exclusive or shared use. 

Authority, Display 	 Displays the user's ability to access an object. 

Authority, Grant 	 Provides functions that control user access to an object and 
protects the object owner's rights, such as granting the right 
to change an object. 

Authority, Revoke 	 Revokes user access to an object and protects the object 
owner's rights. 

Change 	 Provides the functions necessary to change the attributes of 
user-created objects. For example, users can change the text 
description of a particular object. 

Clear 	 Deletes the contents of an object but does not delete the 
object. 

Copy 	 Provides the functions necessary to copy objects. 

Create 	 Provides the functions necessary to create user-defined 
objects. For example, once a library has been created, 
objects can be created in it or moved into it. 

Delete 	 Provides the functions necessary to remove user-defined 
objects from the system. When a library is deleted, any 
objects in it are also deleted. 
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+ Display Contents Displays the contents of an object or a specified group of 
objects. When used in reference to a library, a list of all the 
objects in the library or libraries is displayed. The informa
tion can be printed from this operation. 

Display Description Displays the descriptions of a group of objects by object type 
(all data files), by a generic name (all objects whose names 
begin with EMP), or by generic name and object type (all data 
files whose names begin with EMP). The information can 
also be printed from this operation. 

Dump Copies to main storage or to an external media the contents 
of any object stored in a library. The user must have 
authority for both the object and the library. 

Move Moves an object out of its current library and into a different 
library. After the operation is complete, the object is no 
longer available through the original library. This operation 
is not valid for all object types. 

Rename Changes the name of an existing object. The object contents 
does not change, nor does the object change libraries. 

Save and Restore Pertains to an object, a group of objects, or an entire library. 
These operations provide the functions to save copies of 
objects to an external media or save file and restore them to 
the system. These functions can be used to provide backup 
copies of objects that can be used for recovery procedures. 
For example, applying this operation to a library saves and 
restores all objects contained in the library. 

Transfer Ownership Allows the ownership of an object to be transferred to another 
user. 

System Operations 
System functions are performed automatically by the system to ensure that objects 
are processed in a consistent, secure and proper way. For example, if an updated 
version of a data file is to be copied over an existing file, the system ensures that 
the copy operation is successfully completed before deleting the original version of 
the file. The following is a list of system operations: 

Authority Verification 	Checks the object, the function, and the user to verify that the 
user has the authority to perform that function on that object. 

Commitment Control 	 Ensures that a function performed on an object is ended, 
whether successful or not. If the function cannot be success
fully completed, the object is returned to the state it was in 
before the function was requested. 

Detect Damaged Objects 
Monitors for errors during the processing of objects and com
municates to the user failures that result from the unreadable 
contents of objects. The system is designed for monitoring 
and communicating these failures quickly to maintain integ
rity. 

Enforce Locks 	 Ensures that the integrity of the contents of objects is pre
served when two or more users try to use an object at the 
same time. 
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Verify State 	 Various checks are available such as existence and lock state 
(whether the object is available for updating or is in use by 
another user). 

Verify Types 	 Checks the type of object and the type of function being per
formed on the object to verify that the function can be per
formed on that type of object. 

Damaged Objects 
If for some reason the system can no longer process an object correctly, that object 
is considered damaged. Object damage is the general term used to refer to a class 
of infrequent failures that occur for a variety of reasons. Such failures include: 

• 	 Logic failures internal to the system, causi ng a portion of the object to be 
updated incorrectly. 

• 	 Hardware failures causing some portion of an object to be inaccessible from 
auxiliary storage. 

• 	 System failures resulting from external environmental influences, such as 
power failures. 

If the system is operating correctly when a damaged object is encountered, the 
system informs the user by sending a message to the program encountering the 
damage. If damage to a particular object is encountered for the first time, a 
message is also sent to the user designated in their user profile as the system oper
ator. 

Object damage encountered while the system is being started is communicated 
through the lights on the control panel, if the damage is extensive enough that the 
system cannot be started. These provide the system operator with the information 
necessary to start problem analysis. 

When IBM-supplied OS/400 objects are damaged, some are automatically deleted 
and re-created by the operating system, while others are deleted and restored 
during the reinstallation of the OS/400 program. This ensures that, in the case of 
damage to an object necessary for the operation of the 08/400 program, the system 
can still operate. For example, user-modified objects, such as QGPL, and 
QU8R8YS, are restored to their original state (as they were at installation or at the 
last backup). The system operator message queue is re-created and set back to an 
empty queue, as it was when the system was installed. 

The operating system does not automatically replace user-defined objects if they 
are damaged. If users have changed system objects or created new ones, the 
system has no way of determining what changes were made by the user. When the 
OS/400 program encounters a damaged object, it sends a message providing the 
necessary recovery procedures to the user. The user can delete these objects, 
using the delete object commands, and restore them from a backup copy. This 
allows the user to return objects to a known condition. This process takes time as 
the system must be completely shut down while the 08/400 program pages through 
main and auxiliary storage collecting fragments of objects. The user issues the 
command to start the process and is in total control of the recovery process. Frag
ments of objects and damaged objects that are no longer usable can be deleted by 
reclaiming auxiliary storage. The remaining fragments are placed into a special 
library (QRECOVERY). Those that can be restored, are; the rest should be deleted 
by the user. 
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Security 

Types of Authority 

J 

The system is shipped with minimal security active. This means that any user 
(including remote users starting communications jobs) can use any resource. 

Selection of the level of security for the system is done by changing the system 
value QSECURITY and then doi ng an initial program load (IPL) of the system. The 
level of security selected determines what authority users are given by default, and 
the level of enforcement performed by the system. 

The levels of security are: 

Level 	 Description 

10 	 Requires only a user 10 to sign on. After signing on, the user has access 
to all objects on the system. (This is the way the system is shipped.) 

20 	 Requires a user name and password to sign on. After signing on, the 
user has access to all objects on the system. 

30 	 Requires a user name and password to sign on. After signing on, the 
user must be given authority to objects before they can be used. 

40 	 Requires a user name and password to sign on. After signing on, the 
user must be given authority to objects before they can be used. System 
integrity checking is active. All attempts to use undocumented and 
unsupported interfaces fail. 

At all levels of security, the system-supplied defaults in the user profile can be 
changed and authority can be specifically given or taken away from the users. 

User Profiles: User profiles are an important part of security and are used to iden
tify users on the system. They tell the system who can sign on and what functions 
the user can perform on the system resources after signing on. The term user also 
includes remote users starting communications jobs. Therefore, user profiles 
should also be created for remote users. 

Resource Security: Resource security is the security measures used to authorize 
users to specific objects. When the system value for security is set to level 30, the 
users must be given authority to each object they need to access. 

The authority provided by the system allows tailoring a user's environment on the 
system. There are two major types of system authority: 

• Special 
• Specific 

Special Authority: Allows a user to perform system control operations such as 
saving the system, controlling other users' jobs, using the system service tools, con
trolling spooled files, and creating user profiles. Special authority is defined in the 
user profile by specifying the class of user or by tailoring the special authorities. 

The class of user is the category which best identifies the authorities the user will 
be given. For example, programmers are typically given the authority to create, 
change, and delete program objects. Data entry operators are typically given the 
authority to enter and update data records but not to change the actual program 
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The special authority you specify by defining the user's class determines what 
system control operations and what menu options the user can use. If a specific 
user class does not provide the required special authorities, the special authorities 
can be tailored to fit the user's need. 

Specific Authority: Specific authority determines how a user can use a specific 
object. This includes object authority and data authority. Object authority allows a 
user to perform operations on an object (object authority) such as move or rename 
the object, control the object's existence, and use the data (data authority) contained 
in the object. Object authority is given to users with the Grant Object Authority 
command. Data authority allows users to access the contents of an object. For 
example, users can read, add, update, and delete entries from an object. 

Authorization Methods 
The AS/400 operating system provides the following methods for assigning 
authority: 

• Private authority 
• Public authority 
• Authorization lists 
• Group profiles 
• Adopted authority 
• Authority holders 

Private Authority: Private authority is the authority specifically given to a user for 
an object. The objects that a user has authority to are recorded and listed in the 
user profile. A user's private authorities override any other authorities. 

Public Authority: Public authority is specified for the object when the object is 
created or can be defined in the authorization list that secures the object. This is 
the authority that applies to all users on the system who have not been granted 
private authority. 

Authorization Lists: An authorization list contains a list of IJsers and the authority 
that each user has to the objects that the list secures. One user's authority may 
differ from the authority of another user on the list. If a user on the authorization list 
also has private authority to the object secured by the list, the user's private 
authority overrides the authority specified for him on the authorization list. 

Group Profiles: A group profile specifies the same authorities to a group of users. 
A group profile provides a way of specifying the same set of authorities to multiple 
users by allowing each member to use the authority assigned to the group profile. 
Private authority to an object overrides the authority of the group profile. 

For example, a group of data entry personnel can be assigned to a single group 
profile. The group profile only allows the users to enter and update entries. This 
eliminates the need to assign each user profile authority individually. The coordi
nator of the group may require additional access to the files and can be given 
private authority, which will override that allowed by the group profile. 

Adopted Authority: When a program is created, it can specify that the program 
always runs under the program owner's user profile. A user does not need 
authority specifically given to him for the objects used by the program, but uses 
(adopts) the program owner's authority. The user has authority for the objects used 
by the program only when he is running the program and other programs called by 
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the program. The authority given to a user by the program adopt function is in addi
tion to any private authorities the user has to objects. 

For example, a user has the authority to run the account data update program. 
Through this program, the user has read and update authority to the account 
address information and only read authority to the account balance information. 
While the users are running this program, they have the same access to the data. 
Once they exit the program, their authority to the same data is limited to what is 
specifically assigned through private authorities and related group profiles. 

Authority Holders: An authority holder allows security information to be specified 
for program-described database files before the files actually exist on the system. 
Then, when a file is created with the same name as the authority holder, the secu
rity information specified in the authority holder is linked to the file. This allows the 
system to keep authorities for System/36 environment applications that often delete 
files and then create them again. If the file is deleted, the authority information is 
kept with the authority holder to be used again when the file is re-created or 
restored from tape or diskette. 

The AS/400 system allows for auditing of security related information. Auditing is 
enabled by the creation of the QAUDJRN journal and setting the QAUDLVL system 
value to dictate the types of access to be recorded. Journal entries are added to 
QAUDJRN by the system for each occurrence of the requested type of access. 
Accesses recorded include authority failures, integrity violations, and so on. 
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Chapter 3. User Interface 
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The AS/400 user interface spans the needs of all types of users whether they are 
new users, data-processing professionals, or programmers, operating in a si ngle or 
multiple-user environment. 

The AS/400 system provides several ways for users to work with the system. It pro
vides inexperienced users with a simple method of starting system functions. More 
experienced users can interact with the system using menus and prompts that 
emphasize efficiency. Advanced users can start system functions with a minimum 
of supporting information online. 

The primary interface is a series of menus that allow users to select desired tasks. 
As users become more experienced, they can specify multiple actions from the work 
with lists, take a direct path to any menu, or enter commands directly. All of the 
methods can be used interchangeably. This allows users to use the more advanced 
interface methods they are familiar with, without requiring them to abandon the 
ease of use associated with the menu interface. 

If users do not understand a display or how to start a task, help is available from 
any screen through the AS/400 help function. Help ranges from information about a 
complete display, to information about an individual item on the display. 

Online tutorials are provided with the operating system for those users who who 
need basic training using system functions. They are available to any user from the 
User Support menu and include topics such as object and work management, basic 
communications, and database concepts. Each module takes approximately 25 to 
45 minutes to complete. Users learn at their own work stations, at their own speed. 

The national language support provided by the AS/400 system allows users to inter
face with the system in the language of their choice. The AS/400 system can 
support many languages at the same time. All menus, help information, and mes
sages are displayed in the language specified in each user's profile. 

This chapter briefly discusses the topics listed in the following table. If you would 
like more information on the topic, and there is more information available in an 
IBM manual, the manual listed in the right column is a good first reference. 

Topics 	 First Reference 

Displays 	 System Operations: New User's Guide, SC41-8211 

• Types 
• Help 

Assistance levels 

Commands 	 Programming: Control Language Programmer's Guide, 
SC41-8077

• Syntax 
• Prompting 

Messages 

National language support 	 National Language Support Planning Guide, GC41-9877 
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Displays 

Menu 

The AS/400 system provides a number of different displays as a part of its user 
interface. Each display plays an important role in providing the users with an effi
cient way to enter and retrieve data. The display types that make up the user inter
face are: 

• Menu 
• Entry 
• List 
• Help 

The menus allow users to select the task they would like to perform without having 
to use system commands. As can be seen in Figure 3-1 on page 3-3, the main 
menu allows the user to select from a broad category of objects and tasks. Some 
choices show specific product task menus, such as the office menu that appears 
when the office option is selected from the main menu. These task menus provide 
users with a more refined group of choices regarding tasks or objects available. 
Specific menus are provided for common groups of tasks, such as office, program
ming, and working with files. 

As users become more familiar with the menu titles, a specific menu can be called 
by entering the GO command and the name of the menu on the command line found 
on most system menus. If users know the name of the menu they want to use, all 
they need to do is type GO and the menu name, and the requested menu will 
appear. With menus, users do not need to remember any commands, keywords, or 
option names to find the object they want to work with or the task they wish to com
plete. 
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The command line, found on most displays, allows the user to request functions with 
a command without using the menu options. For example, WRKDOC entered on any 
command line (as seen in Figure 3-1). calls the Work with Document function. The 
command line allows more experienced users to access the task or objects directly. 

flain Menu 
1. User tasks 
2. Office 
3. System 
4. Files 
5. PrograllVlling 

9. Display a Henu 
~.> 

Menus 
Select Objects / 

or Tasks t / 

Figure 

Entry 

Office 
1- Calendars 
2. 11a il 

'"> 

Edit Document 
~(WRKDOC) 

3-1. Menu and Command Interface 

Enter Command 
on any command line 

r:WR~ l 

RSLM141-2 

Entry displays are shown by the system when users select a task from a menu or 
when they enter a command on the command line. Entry displays are very easy to 
use, they consist of a single column of entry fields preceded by a descriptive phrase 
called a prompt. This prompt reminds the user which value needs to be specified in 
that particular field. A list of the acceptable values for that field may also be pro
vided for the user to choose from. The user can then make the selection from the 
list, as seen in Figure 3-2 instead of typing the needed information, and require less 
interpretation by the program. 
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Selection by 
Typing Y or N 

Selection by
Entry Field  Typing a Nu mber 

Soeclfy Print Ootlons 

TyO~ choices, press Enter. 

Document name 	 Name, F4 (or list 

Tyoe style 	 I·Prestlge Elite (12 oltCh) 
2=Courfer (10 pilch) _ 
J-Essay Standard -... . 

(proport I ona 1 ) 
4-Essay Bold 

~argln 	 Number of spaces from left~ 
edge of p~per ( 1-20) 

Copl es I 	 Number of copIes (1-99 ) 

Ouclex Y 	 Y=Yes (Pr Int both sl des) 
~ 

N=No (Print one side only) 

More ... 

"J·Ex! t 1='''=Prornpt F12-Cancel FIS-Addition.l opt ions 

F4 with Cursor 
on Document 
Name Field 

Requested List 

Se I ect Document 

Tyoe opt Ions. press Enter. 
I=Select 5=Dlsplay 

opt Ion Document Subject 
INVENTOR Inventory for were~ouse -
I NVE'ITSM- Inventory summary 

..l. LETTElH Letter to ABC CORP 
LETTER2 Menoo to J R Scruttle-
LETTER6 Letter to Rundle PrIce-
LETTER7 Letter to Rundle PrIce-
MEMOJHB Memo to J H Bottle 

~ 

MONmLY Monthly accountIng summary 
~ 

MQNTHL Y2 Monthly accountIng summary-
MONTHL YO Monthly detoi I f or November -
OLDMONTH Last month's detail - Oct 

~ 

REPORTYE Year end report-
REPORTYE Ye!'!.r end report 

~ 

Q[DOQTAD .Advanced report 
~ 

Revl sed 

10122/87 
3/24/87 
12/01/87 
12/03/87 
9/5/87 
9/5/87 
10128/87 
1;>101/87 
12/01/87 
12102/87 
11/02/87 
11/30/87 
11/30/87 
9/5/87 

Types 
D~CUMENT 

DOCUMENT 
MEMO 
MEMO 
MEMO 
MEMO 

MEMO 
DOCUMENT 
DOCUMENT 
DOCUMENT 

DOCUMENT 
DOCUMENT 
DOCUMENT 
M~MO 

More •.• 
F 12=Cancel 
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Figure 3-2. Entry Display and Associated List Display 

When an entry display asks the user for information, only information related to the 
user's request is asked for, and values assumed by the system (default values) are 
already entered in the fields. Infrequently used values are not asked for on the first 
displays. If the system determines, based on the values typed on the first display, 
that more information is necessary, more fields will be shown. All other prompts 
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List 

can also be seen by the user, if needed, by pressing the Additional Options function 
key available on each entry display. 

Through the use of conditional prompting and default values, the user does not have 
to analyze each of the many possible fields but can do so, if necessary. 

When the user is prompted for the name of an object from either a menu or a 
command, a list of objects can be requested. One or more actions that can be per
formed on the displayed objects is included when the list is displayed. 

When an object is requested, a list of related attributes, including type and other 
identifying information, is displayed. The list display provides a convenient means 
to perform actions (such as change, delete, and copy) directly on these objects 
without recalling and entering an object name for each action. Also, the user can 
specify actions to be performed on several different objects from this one screen. 

An option field is next to each object name. The actions supported are displayed in 
the instruction area at the top of the screen. To perform an action on a listed object, 
the user enters the number corresponding to the action in the option field preceding 
the object, as shown in Figure 3-3. In the example, the user wants to display a 
memo and to print two documents. 

Action r- Instruction 
Fields Area 

LIst of Documents , 
Type opU ons. press Enter. 

i-Create 2-Revlse J-Copy 4-Delete 5-Dfsplay 6:ap rfnt 8-Detalls 

Option Document Subject ~eylsed Types 

r -
INVENTOR Inventory for warehouse 10/n/87 DOCUMENT 
INVENTSM Inventory summary )/24/87 DOCUH[NT 
LETTERI Letter to ABC CORP 12/01/87 MEMO 

S
lETTER2 
LETTERJ 

Memo to J R Scruttle 
Memo to J R Scruttle 

12/03/87 
12/0~/87 

HE"IO 
MEMO 

- lETTER6 Letter to Rundle Price 9/5/87 MEMO 
ME MOJH B Memo to J H Bottle 10/28/87 MEMO 

6 
T 

MONTHLY 
MONTHLYD 

Monthl y account i ng SUll'mary 
Monthly detaIl for November 

12/01/87 
12/02/87 

DOCUMENT 
DOCUMENT 

OlDHONTH Last month'" detail - Oct 11/02/87 DOCUMENT 

'- ~EPOIHYE Year end report 11/30/87 DOCUMENT 
More ... 

Command or psrameters 

FJ-Exlt Fd-Prompt F5=Refresh Fl2-Cancel 

RSLMl44-Z 

Figure 3-3. List Display 
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Help 
The help displays provide information about how to use a display or how to get 
started on a task. Through the use of AS/400 help, users can obtain several levels 
of help. Help can range from information about a whole screen to help about how 
the user can accomplish a task when they do not know the command. Figure 3-4 
shows how the AS/400 help provides users with the information they need quickly. 
so they can complete their task. 

OisplllY-X ---1---------------------------------, 
Fteld Xl •••.•.. aField X2 ••••••• fJ 
FieldXJ ...... . 

Help: Dhplay·X Help: Oisplay-X 
Fhld X2: UJOOOUOO(XlO!JOOOC Eatte"ded help: 

XXXXXXXXX)OO(X)OI)()(:>('xxxxxxx. XXXXXX)()()Utlc ••••••••••••• 

XXlOOOOOlXXXX)( xxx Field Xl: 

D 
xxx X)()I'XX.lO(JOf)(X ••••••••••• 

field X2: 
lOOOO(X.lt'(xxx ••••••• 
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F11 "See.rch index Fll=Se~Tch index 
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Enter words. 1
lIIOVe words 

Mov. II 1ine 
XXXXXX)()l:X)(X)C)I:.'(XXXlO(XXXXXItX )U(XXXXXXXX)fl()CXXXXXX)(XXXXXX 
XXJUUClUCXXX XXXX)()UDOO( XXXJ(JUO(XXX 

XXXXXXXXX J(XXXXXXXX 

XXXXXlUUl Sped fic XXUXX:U I---J"1 XXxxxxxx $P!cific XXJOOUOOt 
xxxx xxxxx Top i c XXXXXJUlXX hp I C X)()(XXXXM 
XXDXXXXXX XXX.'ItXX.It)(XX lUtJCXX)()()(XX XX.lOUOUUUCX 

xnXXXXXIC E3
XXlOtXXXXXXX XXXXXXXXXXX XXXXXXlOOOUt 

Index for xx Move Test 
JUtxXXXXXXXXIlXXXXXXXXJUlXXXX 

)OfXXXXXlt.lllCXXXXXXXX 
noouxxxxx kH'wtj~r-~Position cursor. type option: 

S"'V'N ,"Prlnt 

..5. ~Ol:'t! tpxt ----- t----..., 

...5. Hove II block 

.i Hove !t line Xl(JOUCXXJO{X 


_ Hove text left XXXXXXXXXXX xxxxxxxxxxx 


_ Position 1 ines XXXXXXUXX)Q(XXXXXXXXX.'O(XXX 


XXXXX)(XXXX XXXXXY.UXX 

XUXXXXUXX X)U(XXXXXXXX 

XXX1O(XXX.XX X1(Xxx:o:lO.XXXXXX)I. 
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Figure 3-4. How a User Gets Help and Index Search 

Field-Level Help: The first level of help available is information about the prompts 
on a screen. By placing the cursor on a specific prompt, or its entry field, and 
pressing the Help key, users can find information relating to that specific field (see 
Figure 3-4.0). This ability to find specific information allows users to determine a 
solution to their problem quickly, without having to look through a manual or read 
through many displays of online information. 

Extended Help: The second kind or help display is more general than the field-level 
help. Extended help provides information about the task generally, about all the 
prompts on that screen shown at the same time, and about the function provided by 
the function keys. With extended help, users can page through all of the topics 
related to a screen (See Figure 3-4. D)· This type of information is helpful to users 
who need general knowledge of the display. 
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+ Extended help can be accessed by pressing the Help key while the cursor is not on 

+ a specific field, or from the field-level help screen. By pressing a key assigned to 
the help function from one of these screens the user can also find extended help. 
Depending on the keyboard, this can either be a help key or a function key, which 
has been programmed as a help key, typically F1. 

Index Search: The third type of help available to AS/400 users is the index search 
function. The previously described help was all related to a specific display, or to 
an individual area of a display. Index search allows the user to request more infor
mation that mayor may not be related to the current display. The index search 
function can be used by pressing the index search function key (F11) from any help 
screen. 

Index search allows users to enter, in their own words, any word or phrase for 
which they would like more information. After the user types a word or phrase, the 
system searches for this and similar entries in one of its indexes. The index that is 
searched depends on the system function being used at the time the search is 
requested. If the user is using an OS/400 function, the index of the help information 
relating to that function is searched for a match to the word or words the user 
entered. When the request is made, each of the search words entered by the user 
(except for words used as simple connectors such as the or of) is matched against 
tables of keywords and synonyms. When the search is complete, a list display of 
the index items containing the search words or synonyms that most closely matched 
is produced. From this list display, users can select which index item they would 
like to see (See Figure 3-4 II). 
A major advantage to this type of search is the ability for users to get help by 
entering a word or phrase in their own words. For example, a user could enter 
wHow do I send a message to another user?". The index search would display a list 
of all of the help displays related to the sending messages to other users. The user 
could then select the topics to be displayed or printed. Index search topics do not 
have to be directly related to the function in which the user is currently operating. 

+ Hypertext Another way for users to get to online help is through the use of 
+ hypertext. This is a weblike organization of nonlinear information nodes linked 
+ together to allow users to move to other information that is provided online. A node 
+ is a unit of information that contains a single topic in a particular context. One node 
+ can be linked to one or more other nodes. 

+ Information can be linked in a hierarchy, such as information that relates a task to 
+ subtasks. Hypertext can also link information together in clusters, such as between 
+ procedural and reference information or between two similar procedures. In either 
+ case, the link is identified to users with a high-intensity, underlined, link marker. 
+ This tells the user that there is more information at the other end of the link. See 
+ Figure 3-4 II for a view of how hypertext can connect online information nodes 
+ together. 
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+ 	 A link is defined by the programmer in one direction only, from node A to node B. 

+ 	 However, users can return from node B to node A by pressing F12. Users can also 
+ 	 press F6 to display a list of the titles of nodes previously displayed, then position the 
+ 	 cursor next to a title on that list and press the Enter key to redisplay the selected 

+ 	 node. 

+ 
+ 	 Work with Jobs - Help 

+ The Work with Jobs display shows you the status or your jobs. 
+ 
+ 
+ 

+ 	 The above display shows how users see a hypertext link marker in a help node. 
+ 	 The link marker is high intensity. underlined, and preceded by three blanks for an 

+ 	 attribute byte. 

Assistance Levels 
The OS/4OO operating system allows you to choose the amount of assistance you get 
for interacting with the system. This is called assistance levels and is provided 
through three types of displays: 

• 	 Basic 
• 	 Intermediate 
• 	 Advanced 

When the system is shipped, the assistance level for all users is defaulted to the 
basic assistance level set by the QASTLVL system value. You can change the 
assistance level for different users either by: 

• 	 Specifying a different assistance level in the user profile (change the ASTLVL 
parameter on the Change User Profile (CHGUSRPRF) command) 

This value is used unless a different assistance level is selected for a specific 
command. 

• 	 Specifying a different assistance level when entering a CL command that sup
ports the ASTLVL parameter 

A function key (F21 =Select assistance level) is also provided on the AS/400 system 
displays that support different assistance levels so that you can go from one to 
another. The system remembers the last assistance you used for a display. 
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Figure 3-5_ Assistance Level from System Value 
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This assistance level provides the type of displays with the most assistance. Basic 
assistance level supports the more common user and operator tasks through the 
Operational Assistant menu, and does not use computer terminology. This access 
is easy even for the person who is not a data processing professional. It does not 
simplify the entire AS/400 system, but focuses on some common functions like 
printing, working with batch jobs, handling messages, automatic housekeeping, and 
problem handling. This interface, called Operational Assistant, does the foUowing: 

• 	 Uses terminology that is readily understandable by users who are not data pro
cessing professionals. For example, the term "printer output" is used instead of 
"spooled output file." 

• 	 Limits the choices allowed within the commonly done tasks. For example, in 
working with printing, there are only a few things a typical user may want to 
change, such as the printer selected or the number of copies. With the ·BASIC 
assistance level, the user only sees the most commonly changed options, and 
not the entire list of options that are available on the Change Spooled File Attri
bute (CHGSPLFA) command. 

• 	 Cleans up the system by doing some housekeeping automatically that the 

AS/400 system otherwise requires the user to do manually. Job logs, history 

logs, and system journals are good examples of objects that will be automat

ically cleaned up. 


• 	 Groups commonly done tasks into a single set of menus and displays. The 
·BASIC assistance level may be set up as an attention program. If the applica
tion being used already has an attention program, Operational Assistant can be 
added as an option on the existing menu. Or the Operational Assistant main 
menu can be accessed by entering GO ASSIST from any command line. 

The AS/400 Operational Assistant menu can be set up as the first menu users see 
when they sign on the system by specifying·ASSIST for the initial program 
(INLPGM) parameter on the Change User Profile (CHGUSRPRF) command or by 
specifying ·ASSIST for the First menu field when adding a user to the system 
through the Work with User Enrollment option on the Manage Your System Display. 

This assistance level provides the types of displays that support all system tasks 
and uses computer terminology. Complicated tasks can be done using this level of 
assistance. • 

This assistance level provides the type of displays that support the same functions 
as the intermediate assistance level. However, the displays contain as much infor
mation as possible by not displaying the allowed function keys and options. 

As was discussed earlier, commands can be used in place of the menus. To sim
plify the use of control language (CL) commands, all the commands use a consistent 
syntax. In addition, the operating system provides prompting support for all com
ma,nds, default values for most command parameters, and syntax checking to 
ensure that a command is entered correctly before the function is performed. 
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Command Syntax 
Each command has a command name and parameters. The IBM-supplied com
mands have a consistent naming convention. Generally, three letters from each 
word in the descriptive command name are used to form the abbreviated command 
name that is recognized by the system. A command name usually consists of a 
verb, or action, followed by a noun or phrase that identifies the receiver of the 
action. The command name identifies the function performed by the program when 
the command is run. For example, SNDMSG is the CL command that sends a 
message from one user to another. 

Most CL commands have one or more parameters that specify the objects and 
values used to run the commands. When a command is entered, the user supplies 
the object names and the values for these parameters. The number of parameters 
specified depends on the command. Some commands have no parameters, and 
others have one or more. 

The parameters used in CL commands are associated with keywords. The keyword, 
usually abbreviated in much the same way as commands, identifies the purpose of 
the parameter. For example, one of the parameter keywords for the Send Message 
command is TOUSR, which stands for To User. The value for this keyword param
eter tells the Send Message command to whom to send the message. 

Figure 3-6 shows the SNDMSG command, parameters, and values entered on the 
Command Entry display and identifies the parts of the command. 

Corrmand Ent ry 	 ABC91B02 
Request level: 3 

Previous commands and messages: 
" /* Programmer menu started */ 
" strcpyscn 

Parameter SRCDEV required. 
Parameter OUTDEV required. 
Error found on STRCPYSCN command. 

" STRCPYSCN SRCDEV(*REQU~TER) OUTDEV(*NONE) OUTFIlE(TEST/SCREENS) 
Format of output file SCREENS in library TEST not valid. 

"SNDHSG HSG( 'Good morning') TOUSR(BOB2)
D D D II 

Bottom 

Type command, press Enter. 


-==> 

F3"Exit F4=Prompt F9=Retrieve FIO<Include detailed messages 
Fll=Display full F12=Cancel F13<User support F16=System main menu 

Figure 3-6. Example of the Command Entry Display 

o 	Command name. The SNDMSG command is constructed like most CL commands 
where the first part tells what action is taken; the second part tells what object. 
receives the action. The Send Message command is used to send a message 
from one user to another user. Here, SND is the abbreviation used for send; 
MSG is used to abbreviate message, the thing that is sent. 

At least one blank must separate the command name and parameters from the 
following parameter keyword or value. 
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fJ 	 Keyword. The ~lSG keyword states that the MSG (message) parameter is being 
specified. 

II 	Parameter value. The parameter value specified for the MSG parameter is 
I Good morni n9 I. No blanks can be used between the keyword (or parameter 
name) and the left parenthesis of the parameter value. 

D 	 The last specified keyword, TOUSR, instructs the system to send the message 
(Good morn; ng) to a user profile named 8082. 8082 is specified as a value for 
the TOUSR (To user) parameter. 

Command Prompting 
The operating system provides interactive command prompting for any command 
supplied with the system or created by the user. The user can type the command 
name only, then press a function key (F4) to see the prompt display for the 
command. The prompt display provides a list of required or often-used parameters. 
The prompt display can show either a list of possible values or keyword names. A 
function key can be used to switch between the two display options. For example, 
when creating a display description, only those parameters required for that device 
are presented. 

Based on the values the user specifies for the parameters displayed, the user may 
be prompted for additional information. This conditional prompting limits the infor
mation requested to those parameters required to perform the function. 

Figure 3-7 shows the prompts for the parameters on the SNDMSG command. 

Send t~essage (SNDfISG) D 
Type choices, press Enter. 

Hessage text .•.•••.••• D______________ 

To user profile ... D Name, *SYSOPR, *ALlACT ..• II 

Bottom 
F3-Exit F4-Prompt FS=Refresh FlO-Additional parameters F1Z=Cancel 
F13=How to use this display F24=Hore keys II 

Figure 3-7. Example of Command Prompting 

o 	Command name 

fJ 	 Entry fields (allow the user to specify parameter values) 

II 	 Possible values for the To User (TOUSR) parameter 

D 	 Function keys 
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Messages 

If some command parameters are specified before the prompt display is requested, 
those values already specified are shown on the prompt display. 

Some of the parameters used on commands have default values that appear in the 
entry fields and are used if no other value is specified. The default value can be 
explicitly entered if the user wishes. 

Online help information is available for IBM-supplied commands by pressing the 
Help or F1 key. This help can include a list of values for a command parameter as 
a reminder to the user of the type of information or action required. 

A message is a communication sent to one system user or program by another. A 
large set of predefined messages is supplied with the system. These messages can 
be used by application programmers to identify status or error conditions in the 
application program, for communications between programs within the system. or 
between the system and the users of the system. For example, the system response 
to the command to start the batch subsystem is in the form of a predefined 
message: 

Start of subsystem QBATCH in library QGPL in progress. 

In addition, a user can communicate with other users of the system through mes
sages that are created at the same time they are sent. An example of a message a 
user might send was described with the SNDMSG command. 

System users receive messages in response to commands entered at display 
stations. These messages are placed in message queues, which act as mail boxes 
on the system, which store messages for users. Each display station has a 
message queue named the same as the display station ID. Each user has a 
message queue named the same as their user ID. The system operator has a 
message queue named QSYSOPR. 

These message queues are created automatically by the system. 

• 	 When the user profile has been created and the user signs onto the system for 
the first time. the system automatically creates a user message queue. 

• 	 When a display station is connected to the system for the first time. the system 
automatically creates a display station message queue. 

• 	 When the system is configured for the first time, the system automatically 

creates a system operator queue. 


Each message has a severity code that indicates how severe the conditions are that 
caused the message to be sent. For example. an informational message has a 
severity code of 00. A system integrity message has a severity code of 90, and the 
most severe of all, the action message has a severity code of 99. Help is available 
for all 08/400 messages. 
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Chapter 4. Data Management Support 
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The data management function of the operating system provides the operations that 
an application program uses to create, store, and access data on the AS/400 
system, to communicate with external devices, and to ensure the integrity of the 
data according to the definitions of the application program. 

The data can be on auxiliary storage (disk), external media (diskette or tape), on 
another system connected by a communications line, or can be sent to a printer, or 
sent to and received from a display device. 

For any program to work with the database, documents, a device, or another 
system, the program must use files. Like other objects on the system, support for 
files is inherent in the operating system. There are several different types of files 
supported by the operating system. Each type has associated control language (el) 
commands to create, work with, override, and delete it. The application program 
refers to the files for things other than just programs and data entered by the end 
user. For example, the printer and other devices are accessed through device files. 
This is one of the key differences between the AS/400 system and traditional data 
management. On traditional systems, files do not exist as a common interface for 
devices, and programs refer directly to the devices. 

On the AS/400 system, most files have a file description. The file description for 
database files describes the characteristics of the data associated with the file and 
how the data is organized into records and the records into fields. The file 
description for device files descri bes the characteristics and capabilities of the 
external devices such as display stations, printers, tape units, or diskette units. 
However, documents do not have a file description. 

Data management uses the file description to process the data and to control the 
devices for processing the data. For efficient use of the pri nters and diskette 
devices, data management also provides the spooling function for input and output. 

This chapter brieny discusses the topics listed in the following table. If you would 
like more information on the topic, and there is more information available in an 
IBM manual, the manual listed in the right column is a good first reference. 

Topics First Reference 

Database files See Chapter 5, "Integrated Database." 

Device files (printer) Application Programming: Guide to Printing, SC41-Bl94 

Device files (display) Application Programming: Guide to Programming Applica
tion and Help Displays, SC41-0011 

Device files (tape and Application Programming: Guide to Programming for Tape 
diskette) and Diskette, SC41-0012 

DFM restrictions Programming: Distributed Data Management User's Guide, 
SC41-9600 

Distributed data manage Programming: Distributed Data Management User's Guide, 
ment (DDM) files SC41-9600 

Save files Programming: Backup and Recovery Guide, SC41-B079l. + 
rt- Documents Programming: Office Services Concepts and Programmer's 
+ Guide, SC41-9758 
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File Types 

Topics 	 First Reference 

File descriptions 	 No additional manual 

· Field-level 

· Record-Jevel 

· File-level 

· Methods of describing 
files 

· Methods of changing 
file descriptions 

File operations 	 Application Programming: Data Management Guide, 
SC41-9658 

Deciding to use distrib- No additional manual 
uted file management or 
distributed relational data
base 

Distributed file manage- Programming: Distributed Data Management User's Guide, 
ment 5C41-9600 

The different types of files supported by the operating system can be classified into 
these general categories: 

• Database 
• Documents 
• Diskette 
• Display 

• ICF 
• Printer 
• Spool 
• Distributed data management (DDM) 

• Save 

Although there is a functional similarity among the file types, and the overall struc
ture is the same, there are two major differences. 

Visibility o( the device: With database, DDM, and save fi les, the program need not 
be aware that the data is coming from or going to a device. Data management auto
matically controls all device-related operations for those three types of files; there
fore, the application program can use the data without knowing where the data is 
stored. 

Data storage: In a database, document, or save file, there is actual data associated 
with the file. A database or save file uniquely identifies the data. In a DDM or 
device file, no data is associated with the file. 

Regardless of which type of file an application program uses, the overall processing 
of the file is the same. 
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Database Files 

Device Files 

The data associated with a database file is always organized and formatted 
according to the data description that was specified when the file was created. The 
database file contains the data and the descriptions of the data. This description, 
which is an integral part of the file, is used to control the now of data between the 
program and the database file. For example, if the description specifies a key field, 
the program can retrieve records in ascending or descending order by the value of 
the key field. If the description does not specify a key field, then read-by-key oper
ations are not valid. The data is accessed in the order in which it was entered in the 
file (arrival sequence). (These functions are discussed in greater detail in 
Chapter 5, "Integrated Database. ") 

Before an application program can read or write to the devices attached to the 
system, a device description that identifies the hardware capabilities of the device 
to the operating system must be created when the device is configured. The device 
descriptions describe externally attached devices to the system, such as display 
stations, printers, diskette units, tape units, and other systems. These are created 
automatically by the system if the system is set for automatic configuration. They 
can also be manually created. 

The actual device is externally attached hardware, such as a display station, printer, 
tape unit, or diskette unit. The externally attached hardware can also be another 
system that is connected by a communication line to the system on which the 
program is running. If the device is another system, the program that is using the 
device file can be connected to another program rather than to an actual hardware 
unit. 

If the device is connected to the system by a communications line, a line description 
and controller description must also be created for that device when it is configured. 
The three descriptions -line, controller, and device -represent the hardware capa
bilities of the communications device. 

A device file specifies how a device can be used. By referring to a specific device 
file, the application program uses the device the way it is described. The informa
tion in the device file must be consistent with the hardware capabilities of the 
device. Generally, the device description defines the device to the system, while 
the device file formats output data from the program for presentation to the device, 
and formats input data from the device for presentation to the program. 

A device file does not have actual data associated with it. The relationship between 
the data and a device file is temporary, and is established when the device file is 
opened. When the file is closed, the relationship between the data and the device 
fi Ie is ended. 

For diskette and printer files, spooling can be specified. Data management supports 
both input and output spooling. When spooling is specified, data management 
stores the data in an object, called a spooled file, until the program or the device is 
available to process the data. The application program uses the spooled file as if it 
were reading from or writing to the actual device, and is not aware that the spooled 
file exists. Spooling can usually shorten the run-time of the job and increase the 
number of jobs that can be run sequentially because spooling allows the job to con
tinue independently of the speed or availability of the device. Spooling is especially 
important in a multiple-user environment where the number of jobs running often 
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exceeds the number of available output devices. With output spooling, the output 
can be redirected from one device to another. 

Output spooling functions are performed by data management without requiring any 
instructions in the program that produces the output. When a printer or diskette file 
specifying spooling is opened, the spooled· fi Ie containing the output of the program 
is automatically placed on the correct output queue. 

A spooled file can be scheduled for selection from an output queue for printing when 
the printer file is opened, when the printer file is closed, or at the end of the job. An 
IBM-supplied program called a writer is started in the spooling subsystem and 
selects spooled files from the output queue and writes the records in the spooled 
output file to the pri nter. 

Input spooling functions are performed by data management for database and 
diskette files. An IBM-supplied program, called a reader, is started in the spooling 
subsystem and reads the batch job streams from the device (database or diskette) 
and places the jobs on a job queue. 

Distributed Data Management (DDM) Files 
DDM files describe database files stored on a remote system. A DDM file allows an 
application program to use data stored on another system in the network. Programs 
and commands using DDM files run as though the remote database files were local 
database files. The DDM file description associates the program on the local 
system with a remote database file. The DDM file description refers to the commu
nications path and the remote database file, and links the remote system to the local 
system when the file is opened. For more information on how DDM files work, see 
"Distributed Data Access" on page 4-11. 

Save Files 
Save files are used to store data on disk in a format designed for backup and 
recovery operations or for sending data to or receiving data from another system. It 
is also possible, however, to use save files in an application program. 

Because the data is specially formatted, the program cannot access the data with 
the same nexibility as other types of files. 

It is not necessary to specify a file description for a save file. When the file is 
created, the operating system automatically associates a file description with the 
save file. 

Documents 
The data associated with a document is formatted and organized by the application. 
Data descriptions do not exist for these objects. The data in a document is 
accessed as a stream of bytes and is completely under application control. Docu
ments are stored in folders and are managed by the folder management services 
(FMS) function. See Chapter 6, "Office Enablers" for more information on docu
ments. 
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File Descriptions 
A file description is information that describes the characteristics ofthe associated 
file. It is an integral part of the file, and remains with the file until the file is deleted. 
Changes can be made after the file is created and the records are updated imme
diately. 

The information required in a file description is determined by the file type because 
different file types have different capabilities. A file description is a declaration of 
the valid operations for a particular file, and determines how a program can use the 
devices or data. If the program attempts an operation that is not consistent with the 
file description, the system does not allow the operation to continue, and will return 
an error code to the program. 

A file description can specify: 

• 	 Device controls 
• 	 Linking information for communications devices 
• 	 Spooling attributes 
• 	 Data organization 
• 	 Data presentation formats 
• 	 Data storage formats 

A file description is constructed based on information provided when the file is 
created. This information may be provided through: 

• 	 Parameters on CL commands used to create the files 
• 	 Data description specifications (DDS) for database, printer, display, and commu

nications device files 
• 	 Interactive data description utility (IDDU) for database files only 
• 	 Screen design aid (SDA) for display files only 

Because data is organized by fields, records, and files, file descriptions reflect this 
organization. A field is the smallest unit of data that is recognized and processed by 
the data management support of the system. A record is the arrangement of one or 
more related fields. A file is an arrangement of related records. A file may need to 
be described at three different levels, depending on the type of file and what 
purpose the file is to serve. These three levels are: 

• 	 Field-level descriptions 
• 	 Record-level descriptions 
• 	 File-level descriptions 

Field-Level Descriptions 
Field-level descriptions allow the user to define the detailed characteristics of the 
smallest unit of data that can be processed by data management. Field-level 
descriptions can be specified for database, display, printer, and communications 
device files. They cannot be specified for tape, diskette, save, or DDM files. Tape 
and diskette files are not processed on a field level; therefore, processing oper
ations are at the record level only. Although field-level descriptions are not valid for 
the DDM file itself, the field-level descriptions of the database file on the target . 
system are associated with the DDM file on the source system. 

Field-level descriptions for a database file can define the length of each field, and 
the type of data (character, numeric, or binary). A field-level description for a data
base file specifies how the data is stored in the file, the format of the data when it is 
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presented to a program because of a read operation, and the format of the data 
when it is presented by a program during a write operation. The presentation 
format need not be the same as the storage format. 

Data can be described either externally or within the program source code. For 
externally-described data, all programs that use the data can refer to a single 
description which is automatically incorporated into the program code when the 
program is created. For program-described data, each time the file is changed, 
every program which refers to the file must change the lines of source code which 
refer to the file. 

Data management uses the field-level descriptions to move data in and out of a 
database file, performing mapping whenever necessary, and ensuring that data is 
valid according to the description. 

A field-level description for a display file specifies how the data is to be presented at 
the display device, and how the program receives the data on input and presents 
the data on output. The field-level description specifies such things as whether a 
field is input- or output-capable, or both, the type of data that is valid for the field, 
highlighting characteristics, and the location of the fields on the display screen. 

When record formats for display files are specified at the field level, detailed pres
entation characteristics can be defined for each field. Individual fields can be desig
nated as input or output, locations on the screen can be controlled, and individual 
highlighting characteristics can be defined. 

Communications device files can be defined at the field level. However, data man
agement processes the data only at the record level. Data management allows the 
communications device files to be defined at the field level to standardize the fields 
within a file. The standardized field-level descriptions can be used by an applica
tion program that will work with the fife. 

If the file is not described at the field level, data management cannot refer to spe
cific fields and cannot check if the data type is valid; data management can process 
data only at the record level. 

Record-Level Descriptions 
A record is the unit of transfer between data management and the application 
program. On a read operation, the program receives a record from the file. On a 
write operation, the program sends a record to the file. Therefore, a record-level 
description is required for all file types to specify how much data to transfer on a 
read or write operation. 

A record-level description, called a record format provides the arrangement of the 
fields in a file. If field-level descriptions are used, the record format is specified by 
one or more field-level descriptions. The record format uses the field names, and 
arranges the fields within the record. Specifying record formats with field-level 
descriptions allows much more nexibility for the program to manipulate the data. 
For example, with database files, it is possible to specify a record format that 
describes how data is to be stored in the file. It is also possible to define a different 
format for the same data that describes how a program is to read and write the data. 
Because the relationship between the storage format and the presentation format 
are defined, data management can map the data between the two. 
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If field-level descriptions are not used, the record format is specified by the record 
length (number of characters). The record length for save files is determined by the 
system. When the record format is specified as a length, the program must process 
the entire record as a unit. The program cannot manipulate one part of the record 
one way and another part of the record a different way. Mapping fields between the 
presentation format and the storage format is also not possible if the record is spec
ified as a string of characters that specify only the length of the record. 

File-Level Descriptions 
File-level descriptions apply to the file as a whole. The specifications at this level 
vary depending on the type of file being described. For example, a database file 
can specify what record formats are valid for the fife, how data is to be organized 
(sequentiatty or by key), and if by key, what fields are designated as the key fields. 
A display file can specify the record formats for the file, the devices the file is usable 
with, the graphic character set, and other identifying information. A tape file can 
specify such things as block size, label information, and recording density. A 
printer file can specify such things as the size of the page, font identifier (for printers 
that support fonts), characters per inch, lines per inch, and other printing character
istics. 

Methods of Describing Files 
There are several methods available on the system for specifying file descriptions. 
The following summary briefly describes each of these methods. 

CL Commands: A specific control language (Cl) command supports each type of 
file. On each of those commands are parameters that define file-level descriptions. 

For example, to create a tape file, you use the Create Tape File (CRTIAPF) 
command. On this command, there are parameters that specify such file-level 
descriptions as block length, recording density, label information, and record length. 

For tape, diskette, save, and DDM files, using the Cl commands is the only method 
available for specifying file descriptions. 

For database, display, printer, and communications device fifes the CL commands 
work with data description specifications (DDS). 

DDS: Data description specifications (DDS) is an OS/400 language that can be 
used to define file-level, record-level, and field-level descriptions for a database, 
printer, display, or communications device. DDS source statements that are entered 
into a source file are used to create the related file. The name of the source file is 
one of the parameters on the CL command that creates the file. The parameters on 
the Cl command and the DDS source statements are compiled to create the file 
description for the file. 

DDS is a functionally rich language and provides specification statements and 
keywords to enter all record- and field-level characteristics for a file description. 
However, you should use only those specification statements that are valid for the 
type of file being created. If the statements are not valid for the type of file, the 
system sends a message. The system will create the new file only if there are no 
errors detected that would make the file not valid. 

The DDS source statements can be entered into the source file by several methods. 
One method is to use the source entry utility (SEU) that is part of the Application 
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Development Tools licensed program. SEU provides the online specification sheet, 
and checks the syntax of DDS source statements as they are entered to identify 
errors before the statements are compiled. 

IDDU: IDDU is an interactive function of the operating system that can be used to 
create file descriptions for database files only. The specifications for IDDU are 
referred to as definitions because they exist in the data dictionary. When a file is 
created, the definitions in the data dictionary are used as input to the file 
description. The file description is stored as part of the file, and is separate from 
the definitions in the data dictionary. 

The IDDU specifications are similar to the DDS specifications to a great extent, 
although IDDU does not support all the processing capability that is available 
through DDS. Some advantages of using IDDU instead of DDS are: 

• 	 IDDU is interactive. Instead of entering DDS source statements to specify a file 
description, the user responds to interactive screens, which might be easier for 
some users. 

• 	 Definitions kept in the data dictionary can be used over and over in different 
combinations. In contrast, a DDS source file represents a single file description. 
However, more than one file can be created with the same DDS source file. The 
files have the same file description unless the DDS source file is explicitly 
changed. With IDDU, definitions in the data dictionary can be used in a different 
way to create a new file description. 

To create a file using the existing specifications stored in an IDDU data dictionary, 
IDDU must be used agai n. IDDU specifications cannot be used to create a file with 
CL commands. 

SDA: SDA is an interactive function of the Application Development Tools licensed 
program to design screens for user application programs. On the SDA displays, 
each field for the application program can be dynamically arranged, and the charac
teristics described interactively. SDA converts the visual display into DDS source 
statements, which are compiled to create the display file. 

Methods for Changing File Descriptions 
After a file is created, it can be changed. If the fi Ie-level description that was speci
fied on the CL command used to create the file needs changing, there are corre
sponding CL commands for working with each file type. 

If the file-level, record-level, or field-level specifications contained in DDS need 
changing, the DDS source file must be changed first. The DDS statements can be 
changed using the same method used for entering the original source. After the 
DDS is updated, the appropriate CL create command must be used again to create 
the file with the updated DDS. If both the CL command and the DDS must be 
changed, the new values must be specified on the CL create command used to 
create the new file. 

Whether programs that used the changed file will use the new file description the 
next time the program is run depends on what was changed in the file. If the file
level description was changed with a CL command, any program that uses the file 
will automatically use those new descriptions. If the DDS descriptions were 
changed and the program uses the file as a progr~m-described file, then the system 
will use the new file description, but the program view of it may not be correct 
anymore, which could give incorrect results. If the DDS descriptions were changed 
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and the program uses the file as an externally described file, then the record-level 
and field-level descriptions used when the program was compi led may not match 
the changed file. The system may detect such a mismatch when the program opens 
the file and return an error condition to the program. 

The system also supports a way to temporarily change the file-level descriptions 
when a file is opened to affect only the program opening the file. Temporary 
changes can provide greater nexibility to the application. Temporary changes are 
made when the program first opens the file. 

Temporary changes can be made in one of two ways: 

• 	 By information that is specified within the program, and passed as parameters 
on the open operation. 

• 	 By using CL override commands to set up the run-time environment for the 
program. 

The override commands can be used regardless of the programming language that 
is used. CL override commands are provided for each file type. By including over
ride commands with the application program, temporary changes can be made to 
the file description in a file that the program uses. 

Both methods can be used together. Some parameters can be changed by informa
tion contained in the high-level language statements, while others can be changed 
by using a CL override command. The same parameter may be changed from both 
places. The operating system uses the following order when making temporary 
changes to a file: 

1. 	 The file description provides a base of information. 

2. 	 Changed information received from the application program during the open 
operation is applied first to the base information. 

3. 	 Changed information found in the override command is applied last. If the same 
information is changed from both places, the override has precedence. 

Temporary changes are seen only by the application program that processes the 
change. The file, as seen by another application, remains unchanged. In fact, two 
programs can use the same file at the same time, and each can change it tempo
rarily according to its needs. Neither program is aware the other program made a 
temporary change. 

File Operations 
Data management supports many operations that high-level language programs can 
use to process data. These operations are divided into those files that contain 
records and files that contain stream data. 

Files that Contain Records 
• 	 File Preparation 

OPEN 	 Attaches a file to a program, starting I/O operations. A file 
can be opened for any combination of read, write, update, or 
delete operations. 

ACQUIRE 	 Attaches a device or establishes a communications session 
for an open file in preparation for I/O operations. 
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READ 

WRITE 

WRITE-READ 

UPDATE 

DELETE 
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Transfers a record from the file to the program. The data is 
made available to the program after the read is successfully 
completed. 

Transfers a record from the program to a file. 

Combines the WRITE and READ operations as one operation. 

Updates a record with changed data. The record must be 
successfully read before the update operation. 

Deletes a record in a file. The record must be successfully 
read before the delete operation. 

• Commitment Control 

COMMIT 

DECOMMIT 

• 	 Completion 

FEOD 

RELEASE 

CLOSE 

Guarantees a group of changes are made as a complete 
transaction across multiple records or multiple files. 

Rolls back a group of changes to the last commitment 
boundary. 

Positions the file at the last volume or at the end of data. For 
those programs processing files for output, the last buffer of 
data is written. For those programs processing files for 
input, an end-of-file condition is forced for the next input 
operation. 

Detaches a device or a communications session from an 
open file. I/O operations can no longer be performed for this 
device or session. 

Detaches a file from a program, ending I/O operations. Any 
remaining data in the output buffer that was not written is 
written before the completion of the close. 

The operations listed above have certain restrictions based on file type and lan
guage support. For example, a program may not write to a file that is opened for 
read only. Similarly, a read-by-key operation cannot be issued for a communi
cations device file. Since file overrides can occur during processing, an operation 
may not be allowed for the type of file that is ultimately being processed. 

Files that Contain Stream Data 
• 	 File Preparation 

QHFOPNSF 

• 	 Input/Output 

QHFRDSF 

QHFWRTSF 

QHFLULSF 

Attaches a file to a program, starting I/O operations. A file 
can be opened for read, write, or update operations. The file 
can also be optionally created. 

Transfers a stream of bytes from the fi Ie to the program. The 
data is made available to the program after the read is suc
cessfully completed. 

Transfers a stream of bytes from the program to a file. 

Locks or unlocks a range of bytes in a file. 
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QHFCHGFP 

QHFFRCSF 

• 	 Completion 

QHFCLOSF 

I Distributed Data Access 

Changes the file pointer with a file that is open. 

Forces internal buffers to non-volatile storage. 

Detaches a file from a program, ending 1/0 operations. Any 
remaining data in the output buffer, that was not written, is 
written before the completion of the close. 

+ 	 In an environment with more than one computer system, the AS/400 distributed data 

+ 	 access functions are supported for developing and running application programs 
that require access to data that is stored on another (remote) system. In general, an 
application program can be designed to access remote data in either of two ways: 

• 	 Copy the data from the remote system to the local AS/400 system 
• 	 Directly access the data on the remote system 

Both techniques work and are appropriate for different types of application pro
grams and system environments. 

Copy Data from Remote System: When the application program runs, it accesses 
the local copy of the remote data. This technique is very useful when the amount of 
data that has to be copied is small, the data is not updated very often, and the appli

+ 	 cation program does not need to update the data on the remote system. The major 
+ 	 advantage is that after the local copy of the data has been made, the application 
+ 	 program performs faster. However, this technique is less practical if: 

• 	 Large amounts of data must be copied 

• 	 One application program needs to access the data and it only uses the data 
once 

• 	 The data is updated very frequently on the remote system and having the most 
current data is important to the design of the application program 

• 	 The application program updates the data and the changes must be reflected in 
the data at the remote system 

Access Data on Remote System: This is very useful when the amount of data to be 
accessed is small compared to the total size of the remote data. The major advan
tage is that the application program has access to the actual, current, data; any 
updates made by the application are made directly to the remote system. However, 
if the amount of data to be accessed or updated is very large, the time it takes to run 
the application program is affected to some degree. 

Using Distributed File Management or Distributed Relational Database 
The AS/400 system provides distributed file management (DFM) for accessing file 
data stored on remote systems, and the AS/400 system provides distributed rela
tional database (ORO) for accessing data stored in remote relational databases. For 
more information on how DFM works, see "Distributed File Management" on 
page 4-12. For more information on how DRD works, see "Distributed Relational 
Database" on page 5-15. To select whether an application program should use 

+ 	 DFM or DRD, consider the following possible situations: 
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• 	 If the data resides in a file on the remote system, the application program 
should use the DFM functions. Both the copy and direct access techniques are 
supported by DFM. 

• 	 If the data resides in a relational database on the remote system, the applica
tion program should use the ORO functions. The direct access technique is sup
ported by ORO. 

• 	 If the data resides on a remote AS/400 system, either DFM or ORO can be used. 
The choice should be based on whether the application program should use the 
Structured Ouery Language (SOL) as the interface for accessing the data (ORO) 
or the normal programming language file statements for accessing the data 
(DFM). 

Distributed File Management 
Distributed file management (DFM) allows an application program to access data 
that is stored in a file on a remote system. The AS/400 system has implemented the 
Distributed Data Management (DDM) Architecture as the means of providing the 
DFM functions. 

With DFM, an application program can access file data stored on remote System/36, 
System/38, AS/400, or CICS systems. Application programs running on System/36, 
System/38, and PC DOS systems can access database files on the AS/400 system by 
using the DDM architecture implemented on each system. 

The DFM functions allow an AS/400 application program to: 

• 	 Copy a file from the remote system to the AS/400 system, and copy a file from 
the AS/400 system to the remote system 

• 	 Manage (create, delete, clear, rename) files on a remote system 
• 	 Access (read, update, delete, insert) individual records in the remote file 
• 	 Share access to a file's data with other application programs 
• 	 Obtain a description (attributes) of the remote file 

When using DFM, the system on which the application program runs is called the 
source system and the system on which the remote file resides is the target system. 
When an application program that resides on the source system needs to use data 
stored on the target system, a DDM file is required to identify the remote location 
name, the name of the file defined in the application program on the source system, 
and the name of the file associated with the data on the target system. The DDM file 
on the source system allows the application program to access the target system 
first, and then to read and write to a database file on the target system. Although 
the program is working with the DDM file, it appears to the program as if it were 
working directly with the database file. 

The data is sent from the target system to the source system on a read operation, 
where it is made available to the program. On write operations, the data received 
from the program is sent from the source system to the target system into the data
base file being used by the program. 
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The DDM file is only a temporary connection between the application program and 

the target system. When the DDM file is closed, the connection is ended. 

Figure 4-1 shows an example of DDM files working with a source and target system. 


AS/400 Source System 	 AS/400 Target System 

Oata-Communications Line 
base1Prowam I--~} / 	 -8File 

RSlH194·3 

Figure 4-1. Distributed File Management Source and Target Systems 

Using D FM Functions 
The first step in using DFM functions is to define remote files to the local AS/400 
system. This is accomplished by creating a separate DDM file on the local AS/400 
system for each remote file to be accessed. Each DDM file contains: 

• 	 An AS/400 system file name that can be used by the application program as the 
name of the remote file. 

+ 	 • Information about the remote file including its actual name on the remote 
+ system and how the file should be accessed; for example, sequential, random, 
+ or by key. 

• 	 Information about where the remote file is located so that a communications 
path can be established to the remote system. 

Note: 	 A DDM file is only necessary on an AS/400 source system when an applica
tion program wants to access a file stored on a remote target system. A 
DDM file is not required on an AS/400 target system for application programs 
on other source systems to have access to local AS/400 database files. 

The development of an application program that uses DFM functions is the same as 
for an application program that accesses local AS/400 database files. However, the 
application program uses the name of the DDM file instead of a local database file 
when it needs to access the remote file data. This provides application program
mers with a high degree of file location transparency and minimizes the training 
needed by programmers to write programs that access remote file data. 

Using DFM to Make Local Copies of Remote File Data 
For application programs that want to use the copy technique for accessing remote 
data, DFM can be used to make the copy of the remote file data on the local AS/400 
system. This is accomplished with a simple two step process: 

1. 	 Create a DDM file with the Create DDM File (CRTDDMF) command for the 
remote file. 

2. 	 Issue a Copy File (CPYF) command with the DDM file specified for the from-file 
(FROMFILE) parameter and a local AS/400 database file specified for the to-file 
(TOFILE) parameter. 
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At the successful completion of this process, a copy of the remote file data exists on 
the local AS/400 system and application programs can be run that access the local 
copy of the remote data. 

Using DFM to Make Direct Access to Remote File Data 
For application programs that want to directly access remote file data when running, 
DFM supports this capability through the normal AS/400 database file interfaces. 
This is accomplished by the following process: 

1. 	 Create a DDM file with the Create DDM File (CRTDDMF) command for the 
remote file. 

2. 	 Code the application program as if all of the file data is stored locally on the 
AS/400 system. However, for remote file data, specify the name of the DDM file 
instead of an AS/400 database file. (Alternatively, the Override Database File 
(OVRDBF) command could be used to override the application program's use of 
an AS/400 database file to a DDM file.) 

When the application program runs, all references made to the DDM file are auto
matically transformed by DFM into remote access requests to the remote file. 

Considerations for Using DFM 
Before deciding to use DFM, you should consider the following: 

Performance: The performance effect of DFM is usually noticeable and, therefore, 
should be given careful consideration. Accesses to remote file data are made over 
communications facilities that are generally slower than local AS/400 storage. The 
need for application speed must be balanced against the need for access to the 
most current, most accurate, data. 

Copy Management: The copy technique to distributed data access can cause some 
management problems. The size of the remote file verses the amount of data in the 
file that an application program will actually access should be evaluated. If the 
amount of data to be accessed is small and the file is large, the direct access tech
nique may be better. Managing the local copies so that the local copies can be 
deleted when they are no longer needed and ensuring that new copies are made 
when the local copies are sufficiently out-of-date is an additional administrative 
task. 

Security: File data security is maintained on the system storing the data. This 
means that the AS/400 system user has to have proper access authority to the 
remote system that contains the remote file. This may mean that the application 
program user has to have a valid user identifier (user profile) defined on the remote 
system. 

DFM Restrictions: Some restrictions on the DFM functions depend on which remote 
system the remote file is stored. 
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The previous chapter described the OS/400 data management function, the file types 
supported on the AS/400 system, and the file descriptions that support those file 
types. This chapter discusses one of the file types, the AS/400 database file. It dis
cusses in particular the topics listed in the following table. If you would like more 
information on the topic, and there is more information available in an IBM manual, 
the manual listed in the right column is a good first reference. 

Topics 

Attributes and advantages 

• 	 Data and program 

independence 


• 	 Selection and 
arrangement of data 

• 	 Shared data 
• 	 Remote file access 

Database file types 

• 	 Physical files 
• 	 logical files 

Methods of creating a 
database file description 

• 	 Data description spec
ifications (DDS) 

• 	 Interactive data defi
nition utility (IDDU) 

• 	 Structured query lan
guage (SOL) 

Methods of processing 
data 

• 	 AS/400 Query 
• 	 Query Management 
• 	 Cross-system product 
• 	 Structured query lan

guage 

Distributed relational 
database 

First Reference 

No additional manual 

Programming: Database Guide, SC41-9659 

• 	 Programming: Data Description Specifications 
Reference, SC41-9620 

• 	 Utilities: Interactive Data Definition Utility Users 
Guide, SC41-9657 

• 	 Programming: Structured Query Language/400 
Programmer's Guide, SC41-9609 

• 	 Query: Users Guide, SC41-9614 
• 	 Programming: Query Management/400 

Programmer's Guide, SC41-8192 
• 	 Programming: Cross System Product/Application 

Execution User's Guide and Reference, SH23-0516 
• 	 Programming: Structured Query Language/400 

Programmers Guide, SC41-9609 

&0025. 

Attributes and Advantages 
A database is simply a place to store data. The files on the system can be viewed 
as a database. 

Most programs on systems without a database are tied very closely to the way data 
is physically stored on the system. That is, if you have defi ned a file as containing 
fields A, B, and C, each program that uses that file is coded with the knowledge of 
that record layout. If you decide later to add field D, all your programs that use that 
file must be changed and recompiled. 

A database management system, on the other hand, can hide the physical record 
format of a file. In the previous example, the database management system could 
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present data to your program as if the record layout were still A, B, C (even though 
the new physical record format was A, B. C. D). Your programs would not have to 
change or be recompiled (unless, of course, the programs needed to use the new 
field). 

What sets the AS/400 system apart from most other traditional systems is that the 
database is integrated into the operating system and licensed ihternal code of the 
AS/400 system. There is no requirement to install or maintain a separate database 
management product. The AS/400 integrated database has advantages in produc
tivity and automatic processing over the functions of a traditional database system. 
Figure 5-1 compares the integrated database and the data management structure of 
the AS/400 system to the segmented structure of the traditional system. 

Traditional System AS/400 System 

Resource Management Machine Interface 

Storage Management 

Resource Management 
Data Access 

Storage Management 
Security Management 

Data Access 
Data Base Management 

Security Management 

Machine Interface Data Base Management 

Integrated 
Relational 
Data Base 

RV2W445·0 

Figure 5-1. Comparison of Database Management Systems 

Any program that wants to store or use data on the AS/400 system uses the inte
grated database. The data management function of the operating system supports 
the integrated database to achieve a level of productivity, ease of use, and consist
ency that many other systems with separate database management programs 
cannot achieve. 

The consistency of the data management function enhances many areas of program 
design, from the method for describing data to the actual file operations without 
requiring individual programming statements for each task. 

For example, if you need to read data for customer number 100 and that customer 
has information in both a master file record and an address file record, a program 
would normally do two read operations in the program (one read for each file). 
However, using a database, the program could do one read operation for customer 
number 100, and the data management function could get the data from the two files 
and present it to the program as if it were coming from a single file. The program 
does not need to know how many files, nor from which files, the data is being read. 
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Data and Program Independence 
The AS/400 system can separate the program's view of the data from the way the 
data is physically stored on the system. The ability to logically view data independ
ently of its physical structure in storage allows the same data to be used for many 
applications by defining only the fields appropriate to the program. Fields can be 
added to a file, removed from a file, or the attributes changed in a file without 
affecting programs that do not use those fields. 

External!y Described Data 
Historically, how records in a file should appear was not recorded anywhere outside 
of the programs that used those files. That is, what fields made up the record, how 
long each field was, and what type of data was in each field was specified only in 
the high-level language statements that were used to define the files within the 
program. Because there was no easy method to standardize a description of a file, 
all programs had to define the data. 

On the AS/400 system there is a way to standardize descriptions for database, 
display, printer, communications device files, and indirectly for DDM files, by using 
a file description that is associated with any file of these types. 

The term externally described data refers to the detailed description of the file that 
exists outside the program, and is associated with the file itself. The data format is 
always available in the file description. 

Because the description is centralized, the file description can be incorporated in 
the using program. Most high-level programming languages supported by the 
system provide this capability. 

The fields and records do not need to be defined in the program. The language 
compiler or interpreter extracts the information from the file description and incor
porates it into the program just as if the files were specified in the source program. 
When the file description changes, for example, a new field is added, the programs 
that refer to that field should be recompiled to include the new field. Otherwise, 
logical files can be used to present a view of the new format without requiring 
existing programs to be recompiled. No change needs to be made to the program 
source code. The way the file description are incorporated into the program varies 
by the programming language. 

There are several advantages to using externally described data: 

• 	 Increased programmer productivity. The language automatically describes the 
record formats without additional coding. 

The records and fields need to be described only when the file is created, and 
can then be referred to from any program. 

• 	 Ease of fife and program maintenance. When fields are added, deleted, or 
changed, they can be speCified in the file description instead of maintaining the 
record format in each program that uses the file. 

• 	 Increased data integrity. Because the fields and records are described in one 
place, the system programs and the application programs using the file will use 
the same data. 

• 	 Automatic level checking. The operating system automatically determines, 
when the program is run, if the file description was changed since the program 
was last compiled 
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Program-Described Data 
Diskette, tape, save, and DDM file types do not allow a detailed description to be 
used because field-level descriptions are not supported. 

For those file types that do support field-level descriptions, the program is not 
required to use the external descriptions. If externally described data is not allowed 
because of the file type or if you choose not 10, then the program must declare vari
ables in the source program that define to the compiler or interpreter what the 
program thinks the data looks like. Such declarations are referred to as program
described data. That is, the description of the data related to the file is represented 
by the variable declarations coded in the program. 

The data definitions or declare statements specified within the source program are 
called program-described data. The AS/400 system allows the data definitions 
declared within the program to override any that exist as externally described data 
at the file level. 

For tape, diskette, and save files, program-described data is the only option sup
ported. 

When program-described data is used, the application program and the system pro
grams may not have the same definitions of the data. The system programs cannot 
read the data defined within the application program; the data defined with the 
application program is available only to that program. 

• 	 If the file does not have any field-level descriptions associated with it, the 
system must operate at the record level. The only concern, in this case, is that 
the record length the program is using is the same as what the system is using. 
It need not be, but the system always operates with the record length that is 
described in the file description. If different from what the program is using, the 
system truncates or pads as appropriate. The exception to this is save files. 
For save files, the application program must operate with the same record 
length defined by the system or a severe error condition will result when the file 
is first opened. 

• 	 If the file has field-level descriptions, but the program has elected not to use 
them, the system still uses the field-level descriptions. The system still expects 
the program to present data according to the file description and, conversely, 
will provide data to the program according to the file description. If the program 
description is different from the file descri ption, an error could result. 

Selection and Arrangement of Data 
The AS/400 database file descriptions can improve productivity by doing some of 
the operations normally coded in a program. 

• 	 The data management function of the operating system can select or omit 
records based on selection values specified in the file description. The program 
only sees the records selected. For example, in a payroll database, the salary 
for each employee is included. The data management function could be used to 
select employees based on a salary range. The programmer's coding effort is 
reduced due to the record selection based directly on DDS keywords. The 
program runs more quickly because it now has a subset of the original data to 
process. 

• 	 The data management function presents data in the sequence and groups speci
fied in the file description, without the need for the program to sort or duplicate 
the data. Using the same example from the previous discussion, a data man
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agement function could be used to organize the employee information by 
department, by job category, or by date of employment. Because the data man
agement function presents this view of the data to the program based on the 
specifications in the file description, the programming code to do the sort is not 
required in the program. 

• 	 The data management function can be used to determine, among other things, 
the standard deviation, variance, square root, and sum of a series of values in 
the database. 

Data Joined from More Than One File 
The AS/400 database can combine two or more files defined and stored independ
ently as if they were one file. The data management function of the operating 
system does all the necessary read operations to get the data from the separate 
files and presents the data to the program to make it appear as if it were coming 
from one file. 

For example, assume there is a customer payment master file and an accounts 
receivable payments file on your system. The master file has a record for each cus
tomer. The master file record format includes the customer number, customer 
name, and customer address fields. The payment file contains a record for each 
payment received. Each payment record includes the customer number, payment 
due date, invoice number, and payment amount fields. There is a relationship 
between the master file data and the payment file data. That is, the record in the 
master file with customer number 15 may have one or more corresponding payment 
records in the payment file. Using a traditional file system to get the master record 
information of the customer along with the payment record, the application program 
would have to: 

1. 	 Read the record in the master file. 
2. 	 Read the corresponding record or records in the payment file and compare the 

dates. 

Once the relationship between the two files is defined, the data management func
tion presents the data to the program as if all the data resided in one file. That is, 
your program would do one read to retrieve both the customer data and the 
payment records from the two files. 

Single Source of Data 
Traditional systems, which do not have an integrated database, usually have many 
ways of storing and retrieving data. The programmer frequently must use one lan
guage to access file data (a file interface), and another language to access data (a 
database interface). In addition, the data stored by the file interface often cannot be 
directly accessed by the database management interface program, and the data 
stored by the database management system cannot be directly accessed by the file 
system. 

The AS/400 database serves as the single source of data on the system, and the 
AS/400 data management function of the operating system serve as the single 
manager for that data. Because there is only one way to store and retrieve data on 
the system, programs can access all the data on the system (provided, of course, 
the user running the program has the proper authority to use the data). 

Several ways to access and manage data are supported by the operating system: 

• 	 Traditional program-described files and high-level language operations 
• 	 Structured Query Language (SQU400") 
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• OS/400 IDDU 
• OS/400 control language 
• Data description specifications (DDS) 
• System/36 and System/38 environments 

System menus 

- Disk data management functions 


In addition, licensed programs such as AS/400 Query, OfficeVision/400, PC 
Support/400, and the AS/400 Application Development Tools use data stored in the 
database in the same way as the operating system. The data management function 
understands all operations necessary for these interfaces and coordinates their 
i nte raction. 

Because a file interface is available for the database, many programs originally 
written for traditional file systems, can be used with little or no change. These tradi
tional programs, when run on the AS/400 system, immediately use the integrated 
database. Over time, traditional file programs can be changed to take full advan
tage of the capabilities of the AS/400 data management function. Figure 5-2 shows 
the various database tools interfacing to the AS/400 database. 

OS/400 User Interface 
- ~~ 

/- - . 

Application Programs ---~ 
OS/400 Programming Environment 

/ 

System/36 IDDU SQU400 DDS HLL System/38 

Environment Environment V 


/ ./ 
.// 

I I 
I I 
I II 

I I 


System/36 System/38 _/ 

Disk Data Database 


Management Interface 


/t t ~ 
AS/400 Database ~ 

Figure 5-2. Operating System Interfaces to ASI400 Database 
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(..,. Shared Data 
Ttw AS/400 data rn;lnaoclllent functions (11 tllP. opNating system allow many users 
Clnd programs to share till! dat<l in the dat;lb;lse files althe same time. The data 
lllananen10nt function Illaintains thc intc91dy of the data regardless of the nurnher of 
prorJrarns sh;lrinn the data or how thosc proW<lms use the data. 

Record locks ensure data illtewily <llld the ability to safely sh<lre data in the data
base. The operating systcm automatically protects a record from being updated by 
more the1l1 one user at tile same time, ilnd can also ensure that a transaction is not 
seen by other users until the transaction is complete. After the transaction is com
plete, the system ensures thiltthe changes ilre reflected in the database; therefore, 
progrilms lise the latest information. New ilpplication programs can be added to the 
system 8nn can immediiltely sh;He the dClta, without affecting existing programs. 

BecclUse the database allows greater data sharing, the amount of data that must be 
defined and stored is reduced. Traditionally, each application program has its own 
files, usuCllly defined within the progr8rn For example, both the inventory applica
tion and the accounts payable application might each have a version of the inven
tory file. The inventory application file might contain an item number field, an item 
description field, and a warehouse location field. The accounts payable file might 
have an item number field, an item description field, and a supplier number field. 
One file containing the fields necessary for both files could be created, and the file 
description couln specifically identify the fields needed by the accounts payable and 
inventory appl ication programs. 

The database on the AS/400 system can store data from one program, then use that 
data in another, completely different application. For example, AS/400 Query can 
select records from a production database file and write the results to a new data
base file. Then, the data could be used by AS/400 Business Graphics Utility (BGU) 
to produce a chart of the data in that new file. A high-level language program then 
might be used to change the data in the database file and, finally, the 
OfficeVision/400 might merge the changed data into documents or form letters. 

Database File Types 
The integrated database supplies a common, consistent way of describing data. 
When a database file is created, the fields that are contained in that file are 
described. All programs that use that fi Ie can then use the common definition of the 
fields in that file. This helps reduce coding errors, makes programs easier to main
tain, and helps ensure Ihe consistency of field names and field characteristics. 

There are two kinds of database files: physical files and logical files Both physical 
files and logical files can be used by the program 10 access dala in Ihe database. In 
most cases, a programmer does not need to specify whether the data is accessed 
through a physical file or through a logical view of one or more physical files. 

Physical Files 
Physical files, or tables as they are called in SQL, contain the aclual data stored on 
the system. They are similar to traditional files. Each physical file has only one, 
fixed-length record format. A physical file can have a keyed sequence access path 
to present the data to the progr<lm in a sequence other than the order in which the 
records were added to the file. 
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For example, employee nallle, <Hldress, date of employment, and olher basic infor
malion could be pellt of a sillflle physical file. The keyed sCr]lJence access path 
could be defined to presnnt the records Cllphabelically by name, by dilte of employ
mellt, by lown, or by lIsing any combination of fields. 

Logical files, or views as they are called in SQL, do not actually contain data, but 
describe how records contained in one or more physical files are to be presented to 
the program, in other words, define the record format for the file. 

Fofexample, d<lta about employees may reside in several physical files. The 
program used to create payroll checks may require information from the file which 
contains the salary information, the employee file containing names and addresses, 
the tax file used to calculate withholdings, and the time-card file containing hours 
recorded for a week's work. The program uses the logical file to create a view of 
the data from these various physical files that provides all of the required informa
tion. 

Some of the things the user c<ln control with a logical file are: 

• 	 Change the attributes of fields defined in physical files (for example, field name 
and field order) 

• 	 Provide logical sequences of records 
• 	 Protect one or more fields in physical files from being read or changed 
• 	 Select or omit records based on the value of a field 
• 	 Derive new fields from physical file fields (for example, using the number of 

widgets on inventory and the cost per widget to calculate the value of the widget 
inventory) 

• 	 Join two or more physical files to appear as a single file 

There are four categories of logical files: 

• 	 A simple logical file uses data from one physical file. A simple logical file is the 
most commonly used category of logical file. It is used to select fields or 
records from the physical file it is based on. It is also used to arrange the phys
ical file data through a keyed sequence access path. Read, update, add, and 
delete operations are permitted with a simple logical file. 

• 	 A join logical file combines fields from two or more phYSical files into one 

record format. A join logical file is read·only. 


• 	 A multiple format logical file uses fields from two or more physic<ll files. A mul
tiple format logical file is either: 

- One record format based on multiple physical files or 
- More than one record format, each based on one or more physical files 

Read, update, add, or delete operations are permitted with a multiple format 
logical file. A record format for each physical file used must be described in the 
logical file. The records from each of the physical files is presented in a hierar
chical fashion, by key field. 

• 	 A view is created using SQU400. A view can be created over both physical and 
other view files. Read, update, add, or delete operations are permitted with a 
view. SQL views can be joined views. These have the same restrictions as the 
join logical file. 
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File Organization 

Access Paths 

Members 

The AS/400 system does not require the file organization methoc1 to be specified 
when Ihe file is created The system will store or re8d the data In the files by 
building an <lccess p<lth b:1sed on the information specified in the file description. 
The program does not helve 10 contain <lny programming code to identify the 
sequence of the records for either read or write operations. 

In many systems, records are stored on the disk according to the organization spec
ified by the access method. In the AS/400 system, records are stored independently 
of their retrieval organization. When records are added to a physical file, new 
records are normally stored in the order that they arrive in the file. That is, records 
are stored al the end of the file. Records can be stored in the physical file by the 
value of a key field, if the key field is specified in the file description. 

Records can be read from the file either by arrival sequence or by keyed sequence. 
The system automatically creates an access path based on the information specified 
in the physical or logic81 file descriptions. 

Processing files by an arrival sequence access path is similar to processing 
sequential, indexed. or direct files consecutively on traditional systems, such as the 
System/36. 

Processing files by a keyed sequence access path is similar to processing indexed 
files on traditional systems. With a keyed sequence access path, the system can 
present data to a program arranged by the value of the key field or key fields, if 
more than one is specified. 

A keyed sequence access path changes whenever records are added to or deleted 
from a file, or whenever a record is changed that changes the contents of the key 
field. The access path is automatically .maintained by the system and the pro
grammer does not need to change the application program. 

The system uses the same access path unless the file is changed, or unless there is 
a system failure. Access paths can be recorded in a journal and recovered fol
lowing a system fai lure, but the programmer or the person who operates the system 
must start the journal operation. If an access path is lost, the system creates it 
again the next time the file is used by a program. However, it takes extra time to 
rebuild the access path the first time the file is opened. 

Data records in a database file can be grouped into members. All the records in a 
file can be in one member or they can be grouped into difFerent members. To 
process data in a file, the file must have at least one member. Normally, database 
files have at least one member, which is added automatically by the system when 
the file is created. Although most files are created with only one member, the file 
can contain up to 32,767 members. The system automatically supplies the member 
name for most database operations when only one member name is specified in the 
fi Ie. 

Depending on how the data in the file is used, the file could be divided into smaller 
nroups of records. The smaller groups can be managed as subsets of the data by 
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assigning a member nCllne to e<lch group. The system can Ihen read only records 
from tll<lt member when Ihe nWlllber Ilarne is specified. 

For example, you define an accounts receivable file. You decide to keep one ye<lr"s 
data in that File, but you usually process just one month's data at a time. In this 
case, you can create a physical File with 12 members, one named for each month. 
The J<lnuary member only conl<'lins data for January, the February member only 
cont<'lins data for February, and so on. You can then process each month's data 
separately, by processing a member at a lime. At year end, you can process 
several (or all) of the members together. Figure 5-3 illustrates the concept of 
members. 

Single Member Files Files With Members 

January 


February 


March 


April 


RSLM 129·0 

Figure 5-3. File Members 

Each member has its associated data and ils own access path for that data. The 
system creates and mai ntains a n access path for each member from the specifica
tions in the file description in the same way as it does for a file with only one 
member. 

Members are especially useful when storing programming statements (called 
source) in a database File. Members make it easier to organize the source state
ments. 

For example, if you had one File that contained the source statements for all your 
programs for an application, you could divide that file into members, with each 
member containing one program's source statements. The PGMA member would 
contain the source statements for a COBOLl400 program A, the PGMB member 
would contain the Pascal source statements for program B, and so on. You could 
manage each program's source separately with member names without creating 
multiple Files. You might also want to create a source File for all the DDS state
ments, and divide the file into members by the type of file, or by the file name. 

----_._-
Methods of Describing Data 

If files are described to the file or record level, the create commands in the control 
language for a particular type of file contain the only information required to cre8te 
the file. 

If files are described to the field level, there are several methods of describing data 
for database files: DDS, IDDU, or SQU400 commands. 

5-10 System Concerts 



IBM Confidenti,ll (;(>11-~R02-0() 

Data Description Specifications (DDS) 
Exfernilily described d;lta files Ciln be descrihed using DDS. On fhe AS/400 system, 
DDS provides fhe most detailp.d specifications for the programmer to describe data 
in the diltah()se In addition to file-, rccord-, and field-level descriptions available 
for all methods of describing data, DDS can be usp.d to describe data at the join 
level, key-field level ;mel selectlornit level 

• 	 File-level specifications provide information about the entire file. 
• 	 Record-form8t (or record) level specifications provide information about a spe

cific record format in the fi Ie. 
• 	 Join-level speciFications provide inFormation about which fields to use to join 

one record formatfo another record formal. ,Join specifications apply only to 
join logical files. 

• 	 Field-level speciFications provide inform8tion 8bout the characteristics specified 
for individual fields in the record format. 

• 	 Key-field level speciFications provide one or more key fields For the file and 
describe the order (ascending or descending) for the key. 

• 	 Select/omit level specifications provide the comparison values For identifying 
which records are to be returned to the program during processing. Select/omit 
specifications apply only to logical files. 

Figure 5-4 on page 5-12 provides an exa mple of usi ng for four levels of DDS specifi
cations of a physical file. 

+ 	 D File-level specification (optional). The UNIQUE keyword is used to indicate 
+ 	 that the value of the key field in each record in the file must be unique. For 
+ 	 example, customer identification numbers are usually unique. Duplicate 
+ 	 records with the same key value are not allowed in this file. 

+ 	 D Record-format level specification. The record format name is specified, along 
+ 	 with an optional text description 

+ 	 o Field-level specification. The field names, field lengths, and number of 
+ 	 decimal positions are specified, along with an optional text description for 

+ 	 each field. 

+ 	 D Key-field level information (optional). The field names used as key fields are 
+ 	 specified 
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D Field Level 

~.--- .. (.\ ~JI'sL_~ a Key Field 

--- A·- ./<' 'pRJ)(.R.j Level 


. ---- ..-.- ----I t -----tl"-
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Figure 5-4. DDS for a Physical File 

Interactive Data Definition Utility (IDDU) 
IDDU is a menu-driven, interactive method of describing data. In addition to 
externally described data files, IDDU can be used to describe multiple-format phys
ical files for use with Query, PC Supportl400, OfficeVision/400, and DFU. Field, 
record format, and file definitions can be created and managed independently, and 
database files can be created from these definitions. These definitions are stored in 
a system object called a data dictionary. Programmers can use the data dictionary 
in planning, controlling, and evaluating the collection, storage, and use of data. 

IDDU data dictionaries are made up of a set of related database files that contain the 
definitions. Users can query the data definitions in a dictionary or access them from 
a program. However, the data dictionary is protected from direct changes by users. 
The AS/400 IDDU data dictionaries are always active and the system keeps the defi
nitions synchronized with the files they describe. Files are described in a data dic
tionary if: 

• 	 The file is created using IDDU 

• 	 The definition of an externally-described file, created by another method sllch 
as DDS, is added to the data dictionary llsing the Add Data Definition 
(ADDDTADFN) CL command, or 

• 	 The file is created in an SQL collection 

The data management function determines whether a file is linked to a data dic
tionary, and therefore can prevent any char,ges to the definition while it is linked 10 
the file. 
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Structured Query language (SQl) 
Structured query l<'lnguage (SQL) is the IBM SAA diltab<lse interface. The SQL/400 
licensed progr<'lm uses a relalion<'ll model of dal<'l; thaI is, all data is rerceived as 
existing in tables. On the AS/400 system, SQU400 ohjects me created and mClin
tained as AS/400 objects. The following table shows the relationship between 
AS/400 terms and SQU400 relillional database terms. 

AS/400 Term SQL/400 Term 

librClry Collection. Consists of a library, a journal, a journal receiver 
(journal and journal receiver are used to record changes to 
tables and views), a data dictionClry (a set of tables containing 
object definitions) and an SQL catalog (set of views and 
logical files). 

Physical file Table. A collection of columns and rows. 

Record Row. The horizontal part of a table containing a serial col
lection of columns. 

Field Column. The vertical part of a table of one data type. 

Logical file View. A subset of columns and rows of one or more tables. 

Keyed sequence logical 
file 

Index. A collection of the data in the columns of a table that 
are logically arranged in either ascending or descending 
order. Each index contains a separated arrangement. 

No comparable term Catalog. A set of views and logical files. 

SQL supports powerful data definition statements. For example, the SQL CREATE 
VIEW statement can create an alternative view of a salary table for sales represen
tatives that presents average salaries by department. Or, a single SQL UPDATE 
statement can add 10% to the salaries of sales representatives who exceed their 
quota by 50%. On the System/38 or System/36, the same functions require pro
gramming statements. 

Methods of Processing Data 
Several methods can be used to process database files on the AS/400 system. 

AS/400 Query 
AS/400 Query is an IBM-licensed program that can be used to obtain information 
from the database. It can obtain information from any database files on the system 
that were defined using OS/400 data description specifications (DDS), the OS/400 
interactive data definition utility (IDDU). or the Siructured Query Language/400 
(SQL). 

Query can select, ilrrange, and analyze dala stored in one or more databas~~ files to 
produce reports and other data files. Users can create query definitions and run 
them, use existing queries that were created by someone else, or can run a 
"default" query (using an unnamed query) against any datil base file The user 
determines what data the query is to retrieve, the format of the report to be created, 
and whether the report should be displayed, printed, or written to another database 
file. 
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Query can obtain informal ion from a single file or a combined set of up to 32 files. 
Query can select all the fields or a few of the fields. and organize alld present the 
d<lt;) as specified inlhe query definition. 

Cross-System Product 
The Cross-System Product licensed programs provide power and flexibility across 
systems. Application programmers use the Cross-System ProducU Application 
Development (CSP/AD) licensed program to define, create, and test application pro
grams on a host system. The programs are then sent from the System/370' host 

+ 	 system or a programmable work station to the AS/400 system and run under one of 
the Cross-System ProducUApplication Environment (CSP/AE) functions of the 
ASf400 system. 

Structured Query 	Language 
Using SQL to access data in a relational database is unlike many programming and 
data languages. Application programmers do not have to code a sequence of 
instructions explaining how to get to the data. SQL allows selection of data using a 
single statement directed to the data management function. The data management 
function is designed to access and to maintain the data. SQL can be used to 
retrieve, insert, update, and delete data and control access to data. 

SQL statements can be issued interactively or embedded in application programs. 
Interactive SQL allows statements to be entered directly from the keyboard. Either 
a completion message or an error message is displayed after each statement is pro
cessed. Status messages are normally displayed during long-running statements. 
Depending on the type of statement, interactive or embedded, either can result in a 
call to the data management function to run it or to create an intermediate represen
tation of the statement for storing with the program for later processing 

The SQL statements can be either static or dynamic. Static statements are 
embedded inside application programs written in other programming languages and 
are present in the program at the time it is precompiled. This allows the user to 
incorporate the processing functions of SQL inlo application programs as opposed 
to coding each operation individually in the high-level language. Dynamic state
ments are typed in from a keyboard or created by a program and are not provided to 
the data management function until the program runs. The SQL functions can be 
used for spontaneous processing of information that is outside of the regular appli
cation program. For example, if a user wants to create a one-time listing of depart
ment numbers, managers, and projects, they need not create a new program but 
can use SQL to quickly produce the list. 

High-Level Language Programs 
High-level language (HLL) programs can be used to process database files. Thr 
logic for the processing is coded into the program. High-level language plvgrams 
can also include embedded AS/400 Query definitions, CL commands, embedded 
SQL statements, and other statements to process the data. 

For example, the database file is opened with statements in your HLL program or 
with the CL open commands: Open Database File (OPNDBF) and Open Query File 

+ 	 (OPNQRYF). The OPNDBF command is useful in an initial program for opening 
shared files. The OPNQRYF command is very effective in selecting and arranging 
records outside of your program. Then, your program can use the information sup
plied by the OPNQRYF command to process only the data it needs. 
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Utilities 
The AS/400 Application Deveiopilwilt Tools provides two utilities that can be used to 
process d<lt<l. The c\<lt<-l file utility (DFU) is used to add, change, and delete data in <I 

dat<-lb<lse file DFU GIll be lIsed for files described by RPG/400, DDS, and IDDU. 

The source entry utility (SEU) can be used to enter and change source members. 
SEU can also be used to change, list, print, or delete the existing members in a 
source physical file, and to create new members in a source physical file. 

-------~----.----~----.---.--------------

Distributed Relational Database 
Distributed Relation<ll Database (ORO) allows an application program to access data 
that is stored in a remote relational database. The AS/400 system starts the Distrib
uted Relational Database Architecture* (DRDA *) as a means of providing the DRD 
functions. 

With DRD, an application program can access data stored in a remote DATABASE 2* 
(DB2*), Structured Query Language/Data System (SQLlDS), or AS/400 database. 
Remote database application programs that use DB2, SQLlDS, AS/400, or OS/2" 
implementation of DRDA can access the database file data stored on the AS/400 
system. 

The DRD functions allow an AS/400 system application program to: 

• 	 Manage (bind, drop) application program database access plans (called pack
ages) 

• 	 Manage (create, drop) objects in a remote database including tables, views, and 
indexes 

• 	 Manipulate (select, delete, insert, update) the data in a remote database 
• 	 Manage (grant, revoke) authorizations to database objects stored in a remote 

database 
• 	 Obtain (describe) descriptive information about the columns of a remote data

base table or view 
• 	 Run multiple database requests to a single remote database within one unit of 

work 

When using DRD, the system on which the application program is run is called the 
application requester, and the system on which the remote database resides is 
called the application server. This is illustrated in Figure 5-5. 

AS/400 Application Requester 	 Application Server 

Application 

Program 
 -IORDAI 	 10ROA I+-I"'t'b"'] 

Figure 5-5. ORO Application Requester and Application Server 
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A significant fcature of DFW is that the application program's interface to DRD func
tions is through the Structured OuelY L<lngu;lge (SOL). The AS/400 dat:lb:lse inter
faces cannot be used to access remote datab<lse data. 

How ORO Functions Are Used 
The first step in using DRD functions is to define remote relational databases to the 
local AS/400 system. This is accomplished by adding an entry to the relational data
base directory for each remote database. Each relational database directory entry 
contains: 

• 	 The unique name for the remote relational database. The name can only 
appear once in the directory. It is this name that is llsed within the local AS/400 
system to identify the remote database. This name should be obtained from the 
database administrator of the remote database. 

• 	 Information about where the remote relational database is located so that a 
communications path can be established to the remote system. 

In addition to the remote databases, the relational database directory should have 
an entry for the local AS/400 system database. This entry allows the local AS/400 
system database to be viewed as an application server by local AS/400 system 
applications. This entry is also used by SOL in connection with the CURRENT 
SERVER special register, the SOL CONNECT statement, and as the high order part 
of dcttabase object names in SOL statements. 

The AS/400 system provides a set of commands to help maintain and manage the 
relational database directory. They are: 

• 	 Add Relational Database Directory Entry (ADDRDBDIRE) 
• 	 Change Relational Database Directory Entry (CHGRDBDIRE) 
• 	 Delete Override of Relational Database Directory Entry (DLTOVRRDB) 
• 	 Display Override of Relational Database Directory Entry (DSPOVRRDB) 
• 	 Display Relational Database Directory Entry (DSPRDBDIRE) 
• 	 Override Relational Database Directory Entry (OVRRDBDIRE) 
• 	 Remove Relational Database Directory Entry (RMVRDBDIRE) 
• 	 Work with Relational Database Directory Entry (WRKRDBDIRE) 

The development of an application program that uses ORO functions is very similar 
to the development of an application program that uses SOL to access local AS/400 
database data. The main differences are: 

Database Object Names: Database object names can have three parts: 

+ 	 • Relational database name (optional) 
• 	 Collection name (optional) 
• 	 Object (table, view) name (required) 

+ 	 If the relational database name and collection names are not specified, the remote 
database will provide defaults for them. The application program must specify the 
collection name if the provided default would be incorrect for the application. Speci

+ 	 fying the relational database name is a gocd coding practice for documenting the 
intent of the SOL statements; however, there is no operational advantage or need to 

+ 	 code the relational database name as part of database object names. The following 
+ 	 considerations should help you decide whethcr to code the relational d<ltabase 
+ 	 name part of database object names. 
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• 	 If the relational database name is coded, it is checked by the remote database 
to ensure that the name specified matches the actual name of the database. An 

+- incorrectly specifierl relational databmw name results in an error. 

+ 	 • Future levels of DRDA may use the relational database name for operational 

+ 	 purposes. You may wish to begin coding relational database names now so that 

+ 	 il will be a standard coding practice when the future DRD functions are added. 

Precompilation: When the SQL application program is precompiled (CRTSQLxxx 
commands, where xxx = RPG, CBL, PLI, and so on) the remote database name 
must be specified for the relational database name parameter. This name must 
match an existing relational database directory entry. Specifying this name causes 
the precompiler to create a package at the remote database for this application 
program. The specified remote database is the one connected to when the applica
tion program runs. 

Accessing Multiple Databases: If the application program will access more that one 
remote database (but only one for a single unit of work), the Create SQL Package 
(CRTSQLPKG) command must be run for each additional remote database. This 
command creates a package for the application program at the remote database in 
the same manner as the precompiler. An application program can switch which 
remote database it is connected to (is accessing) by: 

• 	 Committing (or rolling back) its current unit of work (run an SQL COMMIT or 
ROLLBACK statement) 

• 	 Running an SQL CONNECT statement that specifies the name of the new remote 
database to which the application program wants to be connected. 

Non-AS1400 SQL Statements: SQL statements, not supported by the AS/400 system, 
can be used by the application program provided the remote database supports the 
SQL statements. Errors associated with these statements are generated when the 
package is created (by the CRTSQLxxx or CRTSQLPKG command) at the remote 
database. Using this capability makes the application program dependent on a spe
cific type of remote database which means the application program may lose some 
of its database location transparency. It may also mean that additional programmer 
training may be required so that the programmer can understand the specific 
remote database functions and capabilities. 

SQL Errors: When the application program checks for SQL errors, the SQLSTATE 
field of the SQL Communications Area (SQLCA) should be used instead of the 
SQLCODE field. The SQLST ATE field returns the same error code values for all IBM 
relational databases. This is not true for the SQLCODE field; that is, the same SQL 
error may be reported with different SQLCODE values by different IBM relational 
databases. 

Using ORO to Make Direct Access to a Remote Relational Database 
For application programs that directly access a single remote database, DRD sup
ports this capability through the normal SQL program development interfaces. This 
is accomplished by the following process: 

1. 	 Create an entry in the relational database directory for the remote database 
with the Add Relational Database Directory Entry (ADDRDBDIRE) command. 

2. 	 Code the SQL application program as if all of the database objects are stored in 
the local AS/400 system database. 
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:1. 	 Precompile th(~ application program wilt! the appropriate SOL precompiler 

+ 	 (CRTSOLxxx) r:ollHnand and specify the remote datnbase name for the relalional 
datab<lse n<lme parameter. + 

4. 	 If the application will be rUIl using mUltiple remote databases, create an applica
tion package at each of the remote databases using the Create SOL Package 
(CRTSOLPKG) command. This step is not necessary if the application program 
only accesses a single remote database. 

When the application program runs, the SOL statement run is automatically trans
... - formed into remote database access requests that refer to the application program 

p<lckage stored in the remote database. 

Considerations for Using ORO 
Before deciding to use DRD, you should consider the following: 

Performance: The performance impact of DRD is usually noticeable and, therefore, 
should be given careful consideration. Accesses to remote databases are made 
over communication facilities that are generally slower than the local AS/400 data
base. The application program package that is created and stored at the remote 
database helps improve the performance of static SOL statements but does not help 
with the performance of dynamic SOL statements. Whenever possible, use static 
SOL statements for the best performance. 

Transparency: For most SQL functions, the local ion and type of remote database is 
transparent to the application program. This reduces the need for programmer 
training and makes the application programs more portable and database inde
pendent However, the transparency offered by DRD is not complete. 

• 	 Use of SQL statements that are not supported by the AS/400 system degrade 
transparency. (Use only SAA SQL for the best transparency.) 

• 	 Use of the SQL CONNECT statement reduces local and remole transparency. 
(Use the connect function for the best transparency.) 

• 	 Use of non-SAA date and time formats reduces local and remote transparency. 
(Use the SAA SQL dale and time formats for the best transparency.) 

• 	 The order of the rows returned by an SQL cursor may not be the same for all 
remote databases. If the cursor includes an ORDER BY clause for a character 
column and the remote database does not store character data in EBCDIC, the 
rows may be returned in an order different than expected. This difference can 
also affect the WHE RE clause of SQL statements if character comparisons, other 
than equal, are specified. (Avoid nonequal compares on character data and 
avoid specifying character columns in the ORDER BY clause for the best trans
parency.) 

+ Security: File data security is maintained on the system storing the data. There-
I fore, the AS/400 system user has to be properly authorized to have access to the 
I remote database and have proper authorization to the objects contained in the data-
I base. This may mean that the application pmgram user has to have a valid user 
I identifier (user profile) defined on the remote system. 
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Chapter 6. Office Enablers 

The AS/400 system provides enablers built into the operating system to support 
OfficeVision/400 and other similar tasks. In addition to the basic display functions, 
th0. AS/400 work st<ltion controllers provide word processing functions, including 
the followinq: 

• 	 Word wrap and continuolls insert (gives the user the appearance of an infinitely-
long sheet of typing paper) 

• 	 Scale line (shows t8h stops and margin positions) 

• 	 Copy, move, and delete (on a block, line, or word basis) 

• 	 Text centering 

• 	 Word unde rl i ne 

• 	 Split-screen capabilities 

The distribution of function between the operating system and the work station con
troller is tightly coupled to offer the best performance. 

This chapter briefly discusses the topics listed in the following table. If you would 
like more information on the topic the manual listed in the right column is a good 
fi rst reference. 

Topics 	 First Reference 

• 	 Folders and files Programming: Office Services Concepts and Programmer's 
• 	 Documents Guide, SC41-9758 

-	 Tailored docu

ments 

Ubrary services 


• 	 Dictionaries 
• 	 Calendar 
• 	 Mail 

Folders and Files 
Although folders and files are AS/400 objects, and not associated only with 
OfficeVision/400, they are used for many of the office functions. Folders are the 
storage and directory for all documents prepared on the system. The folder object 
works directly with document library services to organize, store, and retrieve docu
ments. 

Database and device files are used by OfficeVision/400 the same way they are used 
by any application program OfficeVision/400 can use data from the database file to 
create reports or to merge data within a document when it is printed. 

Folder management services (FMS): The folder management services function 
allows the user to work with folders on the AS/400 system. While some objects that 
a user would store on a system are unique, and can be stored as individual docu
ments, most of them will be related to some project or assignment the user is 
working on. Through the use of folders, the AS/400 system allows the user to store 
a group of related documents under a common subject. This concept is the same <IS 
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helVing a series of folders in rt filillg cabinet ill an office. On the AS/400 system. the 
doclIlllelltlibrary serves ,IS the filillrJ cabinel. 

Each folder can contain many individual documents, and in some Crtses, a folder 
can even contain other folders. FMS also allows users to search through folders for 
documents by comparing search values entered by the user. After the search. a list 
of documents matchi ng the search val ues is produced. This list can be saved as a 
document and used for future reference. Figure 6-1 shows how the document 
library, folders, and documents are used to organize data. 

I.-'---.-'... '.I DOC ." .. 1 
L~ _____~___J 

I--~=--~l 

L~ 

~-~~]DOC 

-----

c:J 
RSUA'62·0 

Figure 6-1. Folders and Documents in the Document Library 

Security; Using the built-in security functions in the operating system, security for a 
folder on the AS/400 system is separate from security for the documents or other 
objects stored in the system. A user who has authority to a folder, does not neces
sarily have authority to a document in a folder. Similarly, a user who has authority 
to a document in a folder, may not have authority to the entire folder. If a user lists 
the contents of a folder, the list includes only those objects the user has authority to. 

When a user secures a document, they are securing the document content, docu
ment description, and the authority to change the information about the document 
and the access codes. When a user secures a folder, they are securing the folder 
table of contents, the folder description, and the authority to change the security of 
the folder. 

Documents 
The word processing function of OfficeVision/400 allows an AS/400 user to create 
and edit documents and to store them in folders on the AS/400 system A document 
can be as simple as a written report or as complicated as a letter in which the 
address and graphics are pulled from other documents and inserted in the sll8cified 
location. Documents can be created through the use of menus or hy using com
mands. 

The PC Supportl400 licensed program also allows a personal computer user to 
create and work with documents and to stom them in folders on the system. A cJoc
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ument can conlain person,ll data or prograrns. These documents can also be lIsed 
I by OfficeVision/400. See ChaptN R, "Conpmative Processin(J Enablers" for more 
-I information. 

When a document is created, it is possible for the user to assign a number of attri
butes to the document, such as author, subject,and keywords that refer to the docu
ment. The purpose of assigning a document this kind of information is to allow the 
system to be able to search for individual documents based on search values pro
vided by the user. The owner can also assign authority to other users to allow them 
to read or change the document. 

Creating documents with OfficeVision/400 allows the user to take advantage of many 
advanced editing techniques. The word processing function allows the user to 
manage text through the use of such operations as document formalling, text 
moving and highlighting, statistical data support, and the support of text and 
graphics merging in the same document. But perhaps the most advantageous 
feature of the OfficeVision/400 word processing function is the ability to create tai
lored documents. 

Tailored Documents 
Tailored documents can be created by OfficeVision/400 from two types of data speci
fied by the user: 

• 	 Constant data is data that will be the same in each version of the document 

• 	 Variable data is the data in a document that will change in each version of a 
document 

The data can be stored in several different places, and inserted into the document 
as each document is processed. The word processing function of OfficeVision/400 
provides paragraph documents and fill-in documents to store the variable informa
tion for tailored documents. The data text merge function also provides a method of 
coding a document so variable data from files or queries is merged into the docu
ments. The constant data is stored in a shell document, which contains the constant 
data, format, and codes to insert the variable data. 

Several different operations allow the shell, paragraph, and fill-in documents to be 
combined in many different ways to form the tailored document. 

Shell Documents: A shell document is the constant data prepared by the user for a 
tailored document. The shell document also specifies where the variable informa
tion will be included in the tailored document. 

Paragraphs Documents: A paragraphs document is a document that has each para
graph placed on a separate page when the document is created. By specifying 
instruction codes in these shell documents, these paragraphs can be merged with 
the constant data in any order.. In Figure 6-2 on page 6-4, any combination of the 
individual paragraphs in the paragraphs document could be used to complete the 
body of the letter. 
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Figure 6-2. Paragraphs Document in Tailored Documents 

As is shown also in Figure 6-2, it is possible to incorporate several techniques to 
merge variable and constant data in one tailored document. Here the shell docu
ment is using delta field instructions in the paragraphs document to inseli the name 
and address of the person to whom the leller is to be sent. A data field instruction 
reserves a place in the document for some piece of variable information. The para
graphs document inserts information with data field instructions in several of the 
paragraphs before they are included in the final document. 

Fill-In Document A fill-in document is a document that stores data for use in other 
documents. Included in this document are the names of the data fields that are used 
in the shell document and the value associated with the data field that allows the 
shell document to be tailored. As can be seen in the sample of a fill-in document 
(Figure 6-3), the records are read one at a time until the end of the file is reached. 

Data Field 
Names 

~~dd;~- -- .---&addr2---;:addr·]- --------~~-~~~~-~-&~-a-;;l.J ~~~O;~:tti~e~er&na!:'eJ 

Terry SullIvan ~1]5 \I May Blvd IIpt 103 Osagf!, e/l $555.55 lu .... I-~~.J 

1 a'· c y B I s,;en 11-15 N 2,-,d Ave IIpt 19C Las vegas, NV $750.98 15.5te,~ 

Corol Schwartz 
 3133 E Bell 5t Rose Creek, CA iS90.QO 157; .... I Second Letter 

Third Letter 

RSlN21B-I 

Figure 6-3. Fill-In Document 

Stop Codes: Another method of inserting variable data into a shell document is the 
use of stop codes. Stop codes are control characters that indicate the places in a 
shell document that require varielble data to be inserted as shown in Figure 6-4 on 
page 6-5. 
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Shell DoclIrnent 

xxx xxx I ~ Stop 
Codes 

XXXX I: 

Tailoredxx xxxxx xxxxxxx xxx xx x xxxxx xxx xxxx xxxxx 
Documentsxxxxxx xx I xxx xx xxxxx xxx xx xxx XXXXX I 

XXXX I XXXX xxxxxx 

nar-b ,Joel15 


xxxxx xxxxx 255 East Broaclway 

Ro('hcsLcr, MN 5~gO~ 


xxxx OeRr ~~5 _ ,~eens 

xx xxxxx xxxxxxx xxx xx x xxxxx xxx xxxx xxxxx 
xxxxxx XX ~"S5 _~5 xx xxx xx xxx XXXXX 11.50 
xxxx AJjgust X xxxxxxx xx xxxxxxx xxxxxx xxxx 

xxxxx xxxxx x xxxxxx xxx xxxxx xxxxxx xx xxxx 

RSLN148·1 

Figure 6-4. Stop Codes in Tailored Documents 

When editing the document in the example, the cursor can be positioned to the next 
stop code by using a keyboard key. The user can enter the missing data. The stop 
code method is a quick and easy way to insert the information when a user needs a 
small number of copies of a document, or the variable data is not already stored in 
another document. 

Data/Text Merge: Using the data/text merge function, OfficeVision/400 creales tai
lored documents from data stored in a fill-in document, a file, or a query. When 
data/lext merge is used 10 create a tailored document, the actual document with all 
of its text is not created until the documenl is printed. When the users want 10 print 
their document, they select the shell document they wish to use, and the system 
pulls in Ihe needed data based on the instructions found in the shell document. In 
order to create tailored documents using Ihe data directly from a file, a query, or a 
fill-in document, the shell document that the user is using must include data field 
instructions, as is shown in Figure 6-5. A paragraph document, on the other hand, 
can include the field names instead of coding the data field instructions in the shell. 

Shell Document 

:~:~~~i }~------ -- -------------- ---
XXXX ''''nllme2: ~ ----- ------ ------- - ---- -'--' 

xx xxxxxx xxxx xxxxx xxx x xxxx xxxxx xxx xx 

xxxxxxxxx xxxxxx xxx *&r-ate xxxx .....--.---\- Data Field 


Instructions 

xxxx xx xx xxxxxx x xxxxxx xxxxxxxxxx xxxx ____~Jxxxxxxx xxxxxxx xxxxxxxx 'l(.amOl1nt. ~---

xxxxxx xxxxx xx xxxxx xxx xxxx xxxxxxx. 

xxxxx xxx 
RV2W466·0 

Figure 6-5. Data Field Instructions in Shelf Documents 
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When tile d8ta field instructions <Ire cre<lted. Ihe llser specifies within Ihe shell docu
I1wnl where 10 look for Ihe variable data: in Ihe fill-in documnl1l, file. or query The 
lIser 81so specifies the type of merge 10 use: multiple lellers or column list. 

,Jusl as with other objects on the system. document owners can control who has the 
8uthority to read or change the documents. An access code is assigned to a docu
ment when filing a document or changing a document description. If a document is 
given an <lccess code. any user with the access code can read and change the docu
ment. 

Library Services 
Using the 08/400 library object, the filing system consists of a single container for 
all objects that contain data for any of the office products. Various types of objects 
including. mail, text. programs, and folders can be stored in this library. 

Document library services (DLS) is made up of three different components: library 
services, remote library services, and distribution services. 

• 	 Library services allow a user to search. store, and retrieve documents in the 
document library of the system. 

• 	 Remote library services allow users to store and retrieve documents on an 
A8/400 system other than their own. With the proper authorization. users can 
get the document from the remote system. m<lke the changes to the document. 
and then return the document to the remote system. While a document is in 
use, only the user who has control of the document can change the contents of 
the document. This prevents several users from making changes to a document 
at the same time. 

• 	 Distribution services allow the user to list, receive, and cancel mail from the 
mail log, and distribute documents and messages to other users. 

Dictionaries 
The inclusion of dictionaries in OfficeVision/400 allows the user to proof documents 
for both spelling mistakes and reading level. The user can proof a single word or an 
entire document. When a misspelled word is found, a list of possible words can be 
displayed to the user with a function key. If the user wishes to see a list of syno
nyms for a word. a list of synonyms can also be displayed. 

AS/400 language dictionaries include dictionaries in several languages, a dictionary 
of medical terms. and a dictionary of legal terms. The user can choose to build their 
own dictionary that includes words that are not in the AS/400 language dictionaries. 
Common terms used in their business can be added. Words can be added individ
ually (for example, as they are encountered in the document) or as a group. f n -
the user's dictionary is created. it must be added to the diction<lry list for li,,~ text 
profile or document. When a user checks a document for spelling. it can be checked 
<lgainst any of the available dictionaries. 
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The following table lists the AS/400 languClge dictionaries: 

+ 

+ 
+ 

+ 

+ 


Calendar 

Language 
~~-

Brazilian Portuguese 
Catalonian Spanish 
Danish 
Dutch Preferred 
Dutch Modern 
Finnish (hyphenation only) 
French 
French Canadian 
German 
Greek 
Icelandic 
lIal i an 
Legal 
Medical 
N ali onal Portuguese 
Norwegian-Bokmal 
Norwegian-Nynorsk 
Spanish 
South African 
Swedish 
Swiss-German 
UK English 
US English 

Dictionary Name 

BRASIL 
CATALA 
DANSK 
NEDERLND 
ACTUEEL 
SUOMI 
FRANCAIS 
FRA2 
DEUTSCH 
GREEK 
ISLENSK 
ITALIANO 
LEGAL 
MEDICAL 
PORTUGAL 
NORBOK 
NORNYN 
ESPANA 
AFRIKAAN 
SVENSK 
DSCHWEIZ 
UK 
US 

The calendar function gives the A8/400 user an efficient and easy way to organize 
the constant scheduling. canceling. and rescheduling of meetings and appointments 
that is present in every business environment. The OfficeVision/400 calendar allows 
the user to create several different types of calendars. 

• 	 Users can create calendars for themselves or for another person who has given 
them authority to do so. 

• 	 Calendars can be created for special functions such as keeping a schedule for a 
meeting room or scheduling the use of equipment such as an overhead pro
jector. 

• 	 A calendar group can be created and used for several different people. For 
example. if a user were given the position of team leader for a project. they 
could create a calendar group consisting of all the team members. With this 
calendar group. the team leader could check each team member's calendar to 
find when the whole team was available for a meeting. When an open time was 
found. the meeting could be scheduled with all the team members at the same 
time. 

Calendars also have object level security features supported by the 08/400 
program. For example: 

• 	 Users can specify who is allowed access to any calendar they create. This 
access can be either view authority or change authority. If a user gives 
someone change authority to their calendar. that person can add. delete. and 
change entries on that calendar. 
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• 	 Users can classify the status of e<'lch entry they make to <1 calendar. If the user 
classifies <1n entry as tentative, people who are authorized to the calendar can 
see the entry <1nd the cI<1ssification. Along with the entry, however, there will be 
<1 mark that will <'lilow others to know that this entry m<'ly change. A personal 
classification to an entry allows authorized users to see th<'lt an appointment is 
scheduled, but the details of the entry are not displayed. If no classification is 
assigned to the entry, the entry is considered to be confirmed and other users 
know that the information will not change. 

The mail function of OfficeVision/400 provides an efficient method of communication 
between AS/400 system users and llsers of the same or other systems. 
OfficeVision/400 treats any message, note or document sent from one user to 
another as a mail item. Mail C<'ln be received or sent either by printed copy or dis
played at a work station. 

Classifications: When a user sends any type of mail to another user, they can 
assign it one of two different types of classifications. These classifications limit who 
can read the mail item. 

1. 	 Personal classification. If a mail item is given a personal classification, only the 
person to whom the item is addressed can view it. 

2. 	 Priority classification. The sender indicates priority level of the mail. If a mail 
item is a given high priority, the receiver of the item is notified by a message 
sent to their work station that a high priority item was received. 

Security: If a user desires, they can give other users authority to work with their 
mail by assigning them authority to work on behalf of others. If a piece of mail clas
sified as personal is received, only the user to whom it was sent has the authority to 
view or change it. 

Distribution methods: OfficeVision/400 allows the user the ability to send mail to 
one user or to a group of users. Sending data to other users or groups of users is 
accomplished through the use of directories and distribution lists. 

• 	 The system distribution directory contains the information that is used by the 
system to distribute electronic mail to system users. Included in this directory 
are the user 10 and the user address of each of the system users. The user 10 
tells the system who a user is, and the system address tells the system where to 
find the person. From this and other information, the system can determine if 
the user is a local, remote, or indirect user (an indirect user is someone who 
receives mail sent to them in printed form from the printer at their location 
rather than at a display station). Other items such as the user's street address 
and telephone number can also be stored in this directory. Anybody wr" : 
given a user 10 is included in the system directory. 

Special authorization is required to upd3te the system distribution directory. 
The user(s) with this authority is identified to OfficeVision/400 3S the system 
administrator. Therefore, if a new user IS added to the system or a current user 
leaves the system, the system administrator is the one who must change the 
directories. However, if individual users wanted to ch3nge some information 
pertaining to their own entry, this is possible. The system distribution directory 
can be viewed by any of the system users. but users can only change informa
tion relating to themselves. 
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• A distribution list is a collection of system distribution directory entries. While 
sending a single mail item from one user to another, usp.r IDs are entered. 
However, if a user wants to send the same mail item to several users, 
OfficeVision/400 allows the user to send one mail item to several users in one 

+ step through the use of distribution lists. If a user frequenlly sends mail items to 
+ the same group of people, each user's 10 and system address can be used to 

+ create a distribution list. To send an item to the people on the distribution list, 
+ type the distribution list name in the user 10 space. By doing this, the item will 
+ be sent to all of the users on the list at the same ti me. A user can create, 

change, or delete a distribution list at any time. 
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Chapter 7. Communications Concepts for Application 

Programming 


Communications is an integral part of the AS/400 system. Much of communications 
support is included as part of the OS/400 program such as: 

• Systems Network Architecture (SNA) 
• Asynchronous 
• Binary Synchronous (BSC) 

Other communications types are included as separate licensed programs. These 
include: 

• Transmission Control Protocol/Internet Protocol (TCP/IP) 
• Open Systems Interconnect (OSI) 

+ 	 Application programs work with communications functions similar to how they work 
+ 	 with local devices and files. Many applications required for day-to-day use are sup

plied by IBM as part of the OS/400 program, or part of a licensed program. I 

This chapter provides an overview of the communications support provided for the 
AS/400 system. It is organized into three major sections: 

• Application enablers 
• Communications protocol support 
• Link-level connectivity 

From a programming perspective, you may only care about the application 
enablers. This is where the work is actually accomplished. However. certain appli
cation enablers or functions are only available with specific communications proto
cols and certain link connections. These affect your network design and operation. 

Abbreviations and More Information -----------------, 

The list of topics covered in this chapter is long. Also, many of the topics are 
features, products, or functions beUer known by their abbreviation than by the 
long version of their name. All abbreviations used in this chapter are listed 
alphabetically in the table "Communications Abbreviations and More 
Information" on page 7-18. This same table also lists the best first reference if 
more information on the topic is available in another IBM manual. 

Application Enablers 
+ The AS/400 system provides several Application Program Interfaces (APls) that 
+ allow you to take advantage of the services offered by the system. Some have IBM 

origins, some are supported by general vendor agreements, and some are sup
porti ng international standards. This allows you to customize your applications to 
meet your reqUirements. 

© Copyright IBM Corp. 1991 
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Accessing Remote Data (Record Level) 
There are many methods to access files, specifically record-level access on the 
AS/400 system. The programming interfaces described in this section allow record
level access over asynchronous, BSC, SNA, TCP/IP, OSI, and user-defined commu
nications. 

AS/400 System 

- -------- --- - . 


AS/400 System 
 Remote 
Applications System 

NetworkCPI-Communicalions 
LU6.2 

.~~I~i~lJE)·.?) ___ _ 
!3~fb§iYNC,15N!\------ll ICr>IJPCalls.m::p/IPL_ 
LUS.2n ·_;:;I:~n~~~) 

File 
Records

ICF BSC,ASYNC, SNA) 

File File 

Figure 7-1. Accessing Remote Data (Record Level) 

+ 
I 
+ 
+ 

DDM: DDM support on the AS/400 system allows your application programs to 
access data files that reside on a remote system. Any system that supports Level 
1.0 of the DDM architecture as a source system can access data (if authorized to do 
so) on any other system to which it is attached. The system must support DDM as a 
target system and the systems must support compatible subsets of the DDM archi
tecture. 

The OS/4OO program DDM as a source system supports Level 1.0 of the DDM archi
tecture. DDM as a target system supports Level 1.0 of the DDM architecture for 
record file types and Level 2.0 for stream files (documents) and directories (folders). 

Systems that use DDM communicate with each other using advanced progr;'~11_ 
program communications (APPC) support and can use the networking support pro
vided by advanced peer-to-peer networking (APPN). 

Using DDM, an application program can get, add, change, and delete data records 
in a file thaI exists on a target system. It can also perform file-related operations, 
such as creating, deleting, renaming, or copying a file from the target system to the 
source system. 
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When DDM is in use, neither the Clpplication program nor the program user needs to 
know if the file that is needed exists 10cCllly or on a remote system. DDM handles 
remote file processing in essentiCllly the same way that local file processing is 
handled on the local system, and the application program normally does not receive 
any indication of where the requested file is located. 

ICF Interlace: ICF provides a common rile interface across many communications 
methods, sllch as APPC, BSCE L, and SNA Upline Facility This interface includes 
functions such as establishing a communications session between a local and 
remote system, starting <I process on a remote system, and sending and receiving 
d al<l. 

Local 

Application 

Program 


[o"::n: Rece;:aiall 

ICF 

[l .••.·~· •.•.••.·...~JJ 

CommunicatIOns 
Support 

-t-=~_~____ _ 
Local 
AS/400 System 

Figure 7-2. Overview of ICF 

Remote 
Application 
Program 

ICF 

Remote 
AS/400 System 

RV2W47S·0 

+ CPt Communications: CPI Communications is the communications element of the 
SAA common programming interface. It allows program-Io-program communi

+ cations using APPC. The application interface provided by CPI Communications is a 
+ call interface that provides functions such as establ ishing a conversation, sending 

and receiving data, and exchanging control information. 

+ TCP and UDP (TCP/IP Programming Interlaces): TCP/IP includes interfaces that 
+ allow your applications to communicate with other systems. These interfaces 
+ include both both TCP routines that perform end-to-end connectivity and recovery, 

and UDP routines that require recovery to be built into the application 
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+ 	 ACSE Programming Interface: The OSI Communication Subsystem/400' licensed 
program provides several APls that allow you to take advantage of the open system 
environment. OSI protocols allow an AS/400 system to communicate with IBM or 
non-IBM systems running a compatible set of OSI protocols. The program operates 
with non-IBM systems recognizing the regional differences between North America, 
Europe, and Japan. The following popular profiles supported include: 

• US GOSIP 
• UK GOSIP 
• CEN/CENELEC 
• CEPT 
• INTAP 

+ 	 This interface provides access to the following: 

• Session layer 
• Presentation layer 

• ACSE 

User-Defined Protocols API: The base OS/4oo operating system includes applica
tion interfaces that allow your own communications protocols to communicate over 
X.25, token-ring, or Ethernet lines. These callable routines allow the user to alio
cate lines, set protocol filters, and send and receive data. 

Accessing Remote Files 
There are many methods to transfer files on the AS/400 system. This section out

+ 	 lines a few different methods that run over asynchronous, BSC, SNA, TCP/lP, and 
+ 	 OSI communications. 

Remote 
r---::;:::::::::::--.-File Transfer Support System 

(BSC,ASYNC, SNA) 

SNAD§ (LU6._2~---... 
BSC ASYNC SNA 

_FTfjTCPIIP) 
LU6.2 

~,~~I--:;:::::---'---. FlAM (OSI) 	 TCP/IP[ D ) ~ 	 rAppHca,;o" 
~ llnter~clive 

Network 
File 

RV2W450·1AS/400 System 

I Figure 7-3. Accessing Remote Files 
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File Transfer Support File transfer support is a callable function that can be used 

+ 	 to transfer files using asynchronous, BSC, or API communications. It allows AS/400 
systems to transfer files to other AS/400 systems within a simple application envi
ronment 

+ 	 SNADS (Office): SNADS is the AS/400 implementation that provides an asynchro

+ 	 nous distribution service for the distribution of objects such as documents, files, job 
+ 	 streams, and messages to other systems in the network. 

FTP: FTP is an application that comes as pari of the AS/400 TCP/I P Connectivity 
Utilities/400 licensed program. It provides a method of sending and receiving files 
and objects from a wide variety of systems. You can send and receive many types 
of files and objects, depending on the capabilities of the remote system. 

FTAM: OSI File Services/400 licensed program is an implementation of the ISO 
FTAM standards. This includes ISO-IS 8571-1 and related standards. The product 
uses and requires the support of the OSI Communication Subsystem/400 licensed 

+ 	 program. Both an interactive interface and an FTAM provide call level interface. 

+ Accessing Remote Objects and Sending and Receiving Messages 
+ 	 The AS/400 system uses a variety of ways to receive or distribute objects and mes

sages within your computer network. The processes vary depending on whether the 
network is a TCP/IP network or a SNA network. Within a SNA network the option 
you choose depends on whether it consists of hosts; AS/400, System/36, or 
System/38 systems; personal computers; or a combination of all of these. 

System/370 
System/390 

DSNX 


VM/MVS Bridge, 


(SNA,BSC) 


SMTPRJE (SNA, BSC) 
TCPIIP 

ODF (SNA) -"---___RJE (SNA, BSCL 
DSNX (SNA) AS/400 J:-_X._4~~_I)__Commands 

X.400'(0~____[] 

ODF, (SNA) 

SMTP (TCP/IP) 
-~- - ----

SMTP AS/400 
(TCPIIP) 	 System 

\ 
)(~O'IOSI'C- 1J 

Remote 
System 

AS/400 System RV2W451·1 

I Figure 7-4. Accessing Remote Objects 
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Object Distribution: AS/400 object distribution is a function that uses Sf\lADS to dis
tribute objects other than documents between System/36, System/38, and AS/400 
systems. The objects can be data files, save files containing AS/400 objects, spool 
files, job streams, and messages. 

DSNX: AS/400 DSNX support allows the AS/400 system to prlrticipate in a NetView· 
DM network. It can be used to distribute files and job streams in a System/370 con
trolled network. It can also be used to do central site programming and mainte
nance and distribution of AS/400 objects. DSNX allows a AS/400 system to function 
as an end node to the host system and as an intermediate node between the host 
system, other AS/400 and System/36 systems, and personal computers for distribu
tion of objects. 

VMIMVS Bridge: AS/400 VM/MVS bridge is an application program that allows 
users on an AS/400 system and users on a System/370 host to exchange distribu
tions including DIA documents, OfficeVisionNM documents and notes, data files, 
rind print files. 

SMTP: SMTP is an application provided with TCP/I P Connectivity Utilities/400 
licensed program. 1\ allows OfficeVision/400 and other SNADS users to send and 
receive mail from TCP/I P network users. Documents, notes, and messages sent 
from an AS/400 system are formatted as notes. In addition, documents must be for
matted as FFT before they are transmitted. 

RJE: The AS/400 system can also operate as an RJE work station to a host system 
in either a BSe or SNA environment by using the remote job entry function, which is 

+ a part of the Communications Utilities Licensed Program, 5738-CM1. 

With RJE, the AS/400 system functions as a remote job entry work station that 
submits batch jobs to a System/370 or System/390· host for processing under one or 
more of the following: 

• OSNS1 RES 
• MVS/Sp· operating system, JES2, or JES3 
• VM/SP RSCS 
• DOSNSE, VSE/POWER, and Input ReadersNirtual Storage Extended 
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Accessing Remote Systems 
There are many methods by which you can access other AS/400 system applications 
through remote log-on procedures. This section oullines a few dirrerent methods 
which run over asynchronous, SNA, TCP/IP, BSC, and tlser-defined communi
cations. 

AS/400 systlm,_._System/36 
System/38 --- 

5250 Display Station 
.. !'_~~~:I.I1.!:2~ghJ~NA1 .

AS/400 System 

:;:;

/5250 Display Station 
F'..a~~:I~~ougt:,j~N_A) 
Telnet (TCPIIP) 

3270-DE- (SNA. sSC) 
QtI~f JSNA) _ ______ ~~ 
_N~E{~N"'L ____________----
3270 Display Station 
Pass-Through (SNA) 
Retail Pass-Through (SNA) 

EJJ··· 
---_._--------"----- 

YT_M..A.PI (user .~er~rl~LB'TF 
" Retail Pass

Through (SNA) 3270 RA (SNA) 
"/ 

5394 Backbone (SNA) 

Retail Remote 
SystemS, . 

Retail ~ 
Terminal RV2W454-' 

Figure 7-5. Accessing Remote Systems 

5250 Display Station Pass-Through: 5250 Display Station Pass-through allows an 
AS/400 work station user to sign on to another system in the SNA peer network and 
to run any application or system task on that remote system; tasks such as change 
management, problem analysis, or any activity a local user may perform. 

TELNET: TE LNET is an application that comes as part of the AS/400 TCP/IP 
+ 	 Connectivity Utilities/400 licensed program. It allows IBM or non-IBM systems to 
+ 	 log on and access applications as if locally attached. It also allows the AS/400 
+ 	 system to log on to remote systems and access applications as if locally attached to 
+ 	 the remote system. This is accomplished without any special customizing of appli 

cations. 

ITF: ITF is included as a part of the OS/400 program asynchronous communications 
support. It allows you to send and receive data through application programs such 
as electronic message services for asynchronous display stations. Through ITF. you 
can use these application programs to send messages such as interoffice memos. 

Chapter 7. Communications Concepts for Application Prowamming 7-7 



IBM Confidential GC41-9802-00 

+ 

+ 


In addition, ITF lets you send and receive file members and send OfficeVision/400 
documents. 

3270 DE: 3270 DE allows any 5250-family display or printer' to emulate a 3270-type 
device and access a System/370 or System/3g0 host. It allows you to use a 
5250-type display station with a host system application as though you are using a 
3278 model 2 display station. It also allows you to use any printer attached to the 
AS/400 system to print information received from the host system, as though you are 
using a 328x printer. In the SNA 3270 network, the AS/400 system appears to the 
host system to be a 3174 or 3274 controller with attached display stations and 
printers. 

Host applications supported for 3270 DE are CICSIVS, IMSIVS, and TSOIVS. Access 
methods supported are VTAM' and TCAM. Communications protocols supported 
are SDLC, X.25, and token-ring. 

The AS/400 system and 3270 devices can share the same SDLC, X.2S, or token-ring 
link. Multiple sessions of LU1. LU2. and LU3 3270 emulation, SRJE, APPC, SNUF, 
and DHCF are supported on the same link. 

BSC 3270 DE: BSC 3270 DE provides the same support as SNA 3270 DE, including 
the same host applications and emulated display stations and printers, with the fol
lowing differences: 

• 	 VM/SP-CMS, RPS/CM2, and EDXJCF (Series/1') host applications are supported 
in addition to CICSIVS, IMSNS, TSOIVS. 

• 	 The BTAM access method is supported in addition to VTAM and TCAM. 

• 	 The communication protocol supported is BSC, multipoint tributary, non

switched line, EBCDIC or ASCII code. 


DHCF: DHCF on the AS/400 system allows users at the host system to remotely 
operate the AS/400 system as though they were at an AS/400 system station. 3270 
display stations on the HCF host system are used as if they were remote 5250 
display stations attached to the AS/400 system. DHCF is part of the OS/400 
program. 

3270 Display Station Pass-Through: Sometimes called 3270 pipeline, the 3270 
display station pass-through support passes remote 3270 data streams through the 
AS/400 system to an upstream System/370 host system. It permits the user of a 
3270 display station attached to an AS/400 system to access a System/370 host. It 
does this by using SNA 3270 device emulation, without data stream translation. 

BSC 3270 DE cannot be used with 3270 display station pass-through 

3270 Remote Attach: 3270 RA permits 3270-type display stations and printers to be 
remotely attached to an AS/400 system. 3277,3278, and 3279 display stations ,He 
seen by the AS/400 system as S250-type displays. 3270 keyboards are mapped to 
logical 5250 keyboards. The 3287 printer is seen as a 5250-type printer. In all 
cases, an attached 3174 or 3274 controller appears as a remote 5251 to the AS/400 
system and application programs. All emulators that conform to 3274 Model 31C 
protocol are also supported. 

Communication types supported are SDLC, X~25, and token-ring. 
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+ 5394 on SNA Backbone: Using this function you can sign on to an AS/400 system as 
a work station from a NWS attacl1p.d to a 53~14 controller. It uses an LU6.2 (back
bonp.) connection. PWS users are supported using this function also. However, they 
can use the AS/400 WSF interface and the 5394 suppor1s them in pass-through 
mode. 

Retail Pass-Through: The AS/400 system retail pass-through support is used when 
a host system, such as a System/370 host, is connected to the AS/400 system and 
the AS/400 system is connected to various retail controllers. The retail pass
through support provides the ability for the AS/400 system to pass the data from the 
retail controllers through the AS/400 system to the host system This support uses 
two SNA LU type 0 sessions: one session between the AS/400 system and the host 
system <lnd the other session between the AS/400 system and the retail controller. 

+ 
I 
+ 

Virtual Terminal Manager API: The Virtual Terminal Manager allows an AS/400 
program to interact with an AS/400 Clpplication which is performing work station 
input/output. This interaction is perfor-med using a Virtual Terminal Manager API. 

The Virtual Terminal is managed by the OS/4oo program. Work station input/output 
performed by an AS/400 system application is directed to the Virtual Terminal. The 
Virtual Terminal API allows another AS/400 system application to work with the data 
associated with the Virtual Terminal. 

I

I 
I 

... -' 

Virtual 
Terminal 

} Applications 

Application 
Data 
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Figure 7-6. Virtual Terminal Model 

Communications Protocol Support 
+ 	 The AS/400 system allows communications using a variety of data link protocols to a 

wide array of products selecting from a set of mulliple protocols. The support 
allows communication with IBM host products, personal computers, and a wide 
range of non-IBM equipment. The various protocols available are SNA, OSI, TCPIIP, 
BSe, and asynchronous communications. 
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+ Asynchronous Communications 

BSCEL 
BSCEL provides distributed data processing support to users who want 10 communi
cate with another system or device at a remote location using BSe. It supports 
interactive and batch communications between application programs on different 
systems using BSe. On the AS/400 system, the BSCEL support can be used to write 
application programs to communicate with another system that also has BSCE L 
support. BSCE L support on the AS/400 system can be used for BSC with any of the 
following IBM host systems: 

+ 	 • System/370 and System/390 host 

• 	 30xx 
• 	 43xx 
• 	 9370 

OS/400 BSCEL support can communicate with a host system using BTAM and any 
host operating system that supports BT AM. For example, 

• 	 DOSNS 
• 	 CICSNS 
• 	 IMSNS 
• 	 VM/370 

+ SNA 
+ 	 APPC and APPN: APPC is the AS/400 system implementation of SNA LU 6.2 and PU 

T2.1 architectures. It gives you the ability to create applications that reside on dif
ferent processors to communicate and exchange data in a peer relationship with 
one another. This connectivity extends to any product, IBM or non-IBM, that has 

+ 	 implemented the LU 6.2 base and equivalent sel of optional functions. It also allows 
+ 	 two application programs that are running in two different jobs on the same system 
+ 	 to communicate with each other. 

+ 	 APPN support is an enhancement to the PU T2.1 architecture. II provides networking 
functions such as: 

• 	 Dynamically locating LUs in the network through the use of searching distrib
uted directories 

+ 	 • Dynamically selecting routes to LUs based on selection characteristics when an 
+ 	 application requests a session 

• 	 Intermediate routing of LU 6.2 session traffic through the node for sessions 
between other LU 6.2 partners 

• 	 Routing session data based on transmission priorities 

• 	 Dynamically creating and starting remote location partner definitions 

Finance Communications: AS/400 finance communications uses high-level lan
guage operations and communications functions to allow you to communicate 
between an AS/400 system and finance control units, thus providing a banking envi
ronment communications system. 

+ 	 AS/400 finance communications specific SNA LU type 0 primary communications 
+ 	 provided on the AS/400 system. This support allows the attachment of finance 
+--	 control units. It allows programs in the supported high-level languages on an 

AS/400 system to communicate with the attached finance control units. It also pro
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vides suppor1 for ICF files. In addition, it provides a non-ICF file interface to support 
migration of those System/38 finance applications that used this interface. 

+ 	 Some finance controllers also communicate using asynchronous, BSC, or LU 6.2 

+ 	 protocols. The asynchronous, BSC, or APPC communications support is configured 

+ 	 and used for those protocols. 

Retail Communications: AS/400 retail communications uses high-level language 
operations and communications functions to allow you to communicate between an 
ASJ400 system and retail controllers, thus providing a retail store point-of-sale envi
ronment communications system. 

AS/400 retail communications refers to the retail industry specific SNA LU type 0 
primary communications provided on the AS/400 system. This support allows the 
attachment of retail control units that use this SNA LU 0 protocol. It allows pro
grams in the AS/400 system supported high-level languages to communicate with 

+ 	 the attached retail control units and can use ICF files. Some retail controllers also 

+ 	 communicate using asynchronous, BSC, or LU 6.2 protocols. The asynchronous, 
+ 	 BSC, or APPC communications support is configured and used for these protocols. 

SNUF: SNUF (LU 0) allows you to write programs that can communicate with either 
CICSNS or IMSNS on a remote host system through SNA, without being concerned 
with the unique communications requirements of the host system. SNUF can be 
used for both interactive or batch communications between an AS/400 system and 
the host system. SNUF is part of the OS/4oo program. The host system can be an 
SNA System/370, 30xx, or 43xx processors using either CICSNS or IMSNS. The 
communication line can be SDLC. X.25, or token-ring. 

SNUF has the following capabilities: 

• 	 AS/400 programs can start system tasks or user programs on remote host 
systems with CICSNS or IMSNS. 

• 	 CICSNS and IMSNS tasks on a remote host system can start programs on the 
AS/400 system. 

• 	 More than one program on an AS/400 system can communicate at the same 
time with CICSNS or IMSNS programs on a host system. 

• 	 SNUF can share a communications line with other SNA-based facilities on the 
AS/400 system. 

Intrasystem Communications: Intrasystem communications allows two application 
programs, which are running in two different jobs on the same system, to communi
cate with each other. It supports an ICF interface for sendi ng and receiving data 
between two programs. 

OSI Communication Subsystem/400 Support 
+ 	 The OSI Communication Subsystem!400 Support licensed program supports the OSI 
+ 	 protocols in the AS/400 system environment. The protocols are international stand

ards for systems interconnection that have been established by: 

• 	 ISO 
• 	 CCITT 

OSI is made up of a local system environment and an OSI environment. The local 
syslem environment is a closed system and is complete by itself. When an applica
tion process on one system needs to interact with an application process on rJnother 
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system, both systems must become open to 111(> OSI environment. This last environ
ment is milde up of seven I <lyers of OSI protocols: 

Application 	 Provides the distributed infortT'<llion service to support an application 
process and manage the comlllunication 

Presentation Translates and formats the information to allow the application process 
to interpret what is communicaled 

Session Supports the dialog between cooperating application processes, 
binding and unbinding them into a communicating relationship 

Transport Provides end-to-end protocol and information exchange with the level 
of reliability needed for the application process. The services pro
vided to the upper layers are independent of the underlying network. 
This layer is the user's liaison, acting as the go-between for the user 
and the network. 

Network Provides the means to establish, maintain, and end the switched con
nections between systems. Addressing and routing functions are 
included. An additional global sub-layer may also be provided to 
ensure a consistent quality of service on connections over more than 
one network. The interiace between this layer and the transport layer 
provides services that are independent of the underlying media. 

Data link Provides synchronization and error control for the information trans
mitted over the physical link 

Physical Provides the functional and procedural characteristics to activate, 
maintain, and deactivate the physical connection. The electrical and 
mechanical characteristics provide the physical interface to the trans
mission media. 

Application OSI Environment 
Process .--....~ 

Application 
-- -~--~}~;-~" ..~ •. --~ -

Presentation 
Service Applicalion 

Session Process 
---_. - --. ---

Transport } User liaiso~ 
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+ 	 Figure 7-7. Open Systems Interconnection Overview 

Collectively, the four lower layers are called the bit pipe that transfers the informa

tion between the communicating end systems. 


The AS/400 syslem OSI support consists or the following protocols 
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• 	 ACSE (ISO 11(50) (CCITT X 227) 

• 	 Present~tiofl layer 

.~ 	 Kernel and ASN.1 (ISO 81123,8824, and 8825) (CCITT x226, X 208, and X.209) 
DBCS (ISO 2022 Clnd T61) 

• 	 Session layer - 811 function<ll units for Session Versions 1 and 2 (ISO 8327) 
(CCITT X225) 

• 	 Transport layer - classes 0,2, and 4 (ISO 8073) (CCITT X.224) 

• 	 Network layer - supports: 

-	 CLNS (ISO 8473) (Internet Protocol) 
CONS as follows: 

- 1980 X.25 protocols over 1980 and 1984 X.25 networks 
- 1984 X.25 protocols over 1984 X.25 networks (ISO 8878) 

• 	 Directory services - supports a subset of (ISO 9594) (CCITT X. 500 - CCITT X.521 
subset) 

+ 	 Remote Work Station: Remote work station is a function that allows you to attach a 

+ 	 work station to an AS/400 system using a communication line. This allows con

+ 	 nections like display station pass-through, DHCF, NRF, and 5394 on an SNA back

+ 	 bone. 

TCP/IP 
TCP/IP is an industry standard for communications between heterogeneous 
systems. It is not just the transport device, but the suite also includes standard 
applications such as: 

• 	 FTP 
• 	 SMTP 
• 	 TELNET 

TCP/IP Connectivity Utilities/400 licensed program runs on the OS/400 program and 
communicates between systems over X.25, token-ring and Ethernet links. 
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Figure 7-8. Overview of TCPIIP on the AS/400 System. 

Link Level Connectivity 
Asynchronous: The AS/400 system provides support for a large number of devices, 
application programs, and services that use the asynchronous communications pro
tocol. The performance of this support depends heavily on the application program 
or service it is used with and the speed of the line or network used. Asynchronous 
communications is not compatible with Systems Network Architecture (SNA). The 
following are performance considerations when using asynchronous 
communications: 

• Logical record size 
• Buffer size 
• Asynchronous communications overhead 

BSC: The AS/400 system provides support for the many devices that communicate 
using BSe. BSe is not compatible with SNA. Here are some things you shoultl con
sider when using BSe: 

• Block size 

The AS/400 support for BSe uses block sizes up to 8192 bytes. Usually, the 
larger the block size, the better the performance. 

Large block sizes may not work in an environment where the line has a high 
probability for errors (such as public switched networks). If the blocks need to 
be transmitted again, Ic::rger blocks take longer. 

• Blank compression 
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BSC di1li1 compression and blank trunc<ltion signific<lntly reduce the amount of 
dZlt;) triUlsmitted on Ihe line when the (btA contains large numbers of blanks. 
This reduction C<ln be siqnificant for t('xt i1nd forms data 1I1at usually contains 
many blclllks 

• 	 Duplex lines versus half-duplex lines 

• 	 BSC overhead 

Ethernet The IEEE used the Ethernet network as the model for the IEEE 802.3 
sti1ndi1rd. Ethernet (IEEE 8023) is a local <llea network with a bus topology that 
uses the CSMA/CO access method. Most Ethernet networks conform to the 
following: 

• 	 Coaxial cable bus (fiber optic cable can be used) 
• 	 Data rate of 10 million bits-per-second 
• 	 Maximum length of 500 meters per segment 
• 	 Maximum network lenglh of 2500 meters when segments rtre connected by 

repeater sets 
• 	 Maximum of 100 stations per segment 

The AS/400 system can be connected to an Ethernet network through an optional 
communications subsystem or adapter as follows: 

9406 System Unit Ethernet Local Area Network Subsystem (Feature 6250) 

9404 System Unit Ethernet Network Adapter (F eature 2625) 

9402 System Unit Ethernet Network Adapter (Feature 2625) 

Features 6250 and 2625 conform to IEEE 802.3 standards, and can connect to any 
Ethernet network that follow the standards. 

The AS/400 system can be connected to an Ethernet Version 2 standard through the 
TCP/IP set of protocols. 

Some factors that affect the performance of Ethernet networks are: 

• 	 Bus configuration 
• 	 Data volume 
• 	 Frame size 

ISDN: ISDNs are high-speed all digital networks that support circuit switching and 
packet switching network technologies. ISONs combine voice, data and image com
munications into a single physical interface. 

Two configuration objects that are new for ISDN have been added to the AS/400 
system. The network interface description represents the physical connection to the 
ISDN. The connection list simplifies the physical interface to the ISDN. The con
nection list simplifies the set-up and termination of the switched connections when 
an ISDN network is being used by the AS/400 system 

ISDN networks provide advanced functions that cannot be obtained through other 
technologies, including a program interface to ICF. 

CPID and ONI ilre services available through ISDN networks presented to AS/400 
applications through a programming interface to ICF applications. These call attri 
butes provide capabilities for routing to unique applications and for improved secu
rity in the network. 
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ISDN uses a data Ii nk control protocol called 10 l_C on the AS/400 system. This pro
tocoluses a duplex interface to the network allowing the system to exploit the full 
duplex capability of the ISDN transmission facitity for increased throughput charac
teristics. ISDN basic rate (SRI) support is integrated into the OS/4oo program. 

SDLC: SDLC is a communications protocol that conforms to subsets of ANSI 
ADCCP and ISO HOLe. It is used for sending and receiving synchronous, code
transparent. serial-by-bit data. These transmissions may be duplex or half-duplex 
over switched or non-switched lines. The configuration may be point-to-point, multi 
point, or loop. 

Performance considerations: 

• Polling 
• Connection considerations 
• 	 Overhead 


Zero-bi I-i nsertion 

Control characters 

Data acknowledgment 


Token-Ring Network: Token-ring network is a local area network that conforms to 
IEEE 802.5 which allows all members on the local area network to exchange data 
using a token-passing scheme. When a sending system on the network receives the 
token, it gets control of the line to send data 

Twinaxial Data Link Control: Twinaxial data link control is a function that enables 
personal computers attached to the work station controller by twinaxial cable to use 
APPC or APPN. 

X.21: The AS/400 system supports SNA, OSI. and TCPIIP data communications 
through digilal networks conforming to CCITT Recommendation X.21. Bolh non
switched and circuit switched operation is available. For circuit switched facilities, 
the Short Hold Mode of operation with Multiple Port Sharing is supported. 

X.25: The AS/400 system supports SNA, OSI, and TCPIIP data communications over 
packet-switched networks conforming to CCITT recommendation X.25. X.25 is 
capable of sending and receiving data at the same time, which provides a signif
icant performance advantage for those application programs that can make use of 
this feature. The following are performance considerations when using X.25: 

• Packet size 
• Window size 
• 	 Overhead 


10 percent more Ihan SDLC 

Zero-bit-insertion and framing characters 

Control characters to each frame 
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Figure 7-/0. Communications APlslProtocol Relationship 

Communications Abbreviations and More Information 
The table that follows lists and defines all the abbreviations used in this chapter. If 
there is an explanation of the abbreviation in this chapter, look for it on the page in 
the "This Chapter" column. If you would like more information on the topic, and 
there is more information available in an IBM manual, the manual listed in the right 
column is a good first reference. 

Abbreviation Long Form and Topics 	 This First Reference 
Chapter 

ACSE association control service element 7-4 	 OSI Communications Subsystem Pro
grammer's Concepts and Guide, 
SL23-0 191. 

ADCCP 	 Advanced Data Communication Control 
Procedures 

ANSI 	 American National Standards Institute 

API 	 application programming interrace 

APPC advanced program-to-program communi 7-10 Communications: Advanced Program
cation to-Program Communications 

Programmer's Guide, SC41-8' 

APPN advanced peer-to-peer networking 7-10 	 Communications: Advanced Peer-to
Peer Networking Guide, SC41-8188 

STAM basic telecommunications access method 	 Communications: Operating 
Sysleml400 Communications Config
uration Reference, SC41-0001 

SSC binary synchronous communic<ltions 7-14 • 	 Network Planning Guide. 

GC41-9861 


• 	 Communications: Operating 
Systeml400 Communicatinns Con· 
figuration Reference, SC41-0001 
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Abbreviation 

BSCEL 

CCIIT 

CICSNS 

CLNS 

CONS 

CPI-C 

CPID 

CSMA/CD 

DBCS 

DDM 

DHCF 

DIA 

DNI 

DOSNSE 

DSNX 

EDX/CF 

FFT 

FTAM 

FTP 

HCF 

HDLC 

ICF 

Long Form and Topics 

hi nilly synchronous <.ommunicCltions 
equivCllence link 

Consult;ltive Committee of InternCltionClI 
Telephone <lnd Telegraph 

Customer Information Control System for 
Virtu:J1 Stor<1ge 

connectionless network support 

connection-oriented network support 

common progr;lmmer interface - communi
cCltions 

calling party identifier 

carrier sense multiple access with colli 
sion detection 

double byte character support 

distributed data management 

distributed host command facility 

document interchange architecture 

dialed number identifier 

Disk Operating SystemlVirtual Storage 
Extended 

distributed systems node executive 

Event Driven Executive/Communications 

Facility 


final format text 


file transfer. access, and management 


file trClnsfer protocol 

Host Command Facility 

High-Level Data Link Control 


intersystem communications function 


This 
ChaptE'r 

7-10 

7-11 


. 7-11 


7-3 


7-2 


7-8 


7-6 


7-5 

7-5 

7-3 

First Reference 

Communications: BSC Equivalence 
Link Programmer's Guide, SC41-9593 

Communications: Operating 
System/400 Communications Config
uration Reference. SC41-000 1 

. Communications. Advanced Peer
to-Peer Networking Guide. 
SC41-8188 . Systems Application Architecture . 
Common Programming Interface 
Communications Reference, 
SC26-4399 

Communications: X.25 Network Guide. 
SC41-0005 

Communications: Local Area Network 
Guide, SC41-0004 

Programming: Oistributed Data Man
agement User's Guide. SC41-96oo 

Communications: Remote Work 
Station Guide. SC41-0002 

Communications: Alerts and Oistrib
uted Systems Node Executive Guide, 
5C41-9661 

OSI Communications Subsystem Pro
grammer's Concepts and Guide, 
SL23-0191. 

Communications_ Transmission 
Control Protocolllnternet Protocol 
Guide, SC41-9875 

Communications: Remote Work 
Station Guide. SC41-0002 

CommlJnications: Intersystem Com
munications Function Programmer's 
Guide, SC41-9590 

-~----
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Abbreviation 

IDLC 

IEEE 

IMSIVS 

ISO 

ISDN 

ITF 

JES2 

JES3 

LU 

MVS/SP 

NCP 

NetView DM 

NWS 

OSI 

OSI-ACSE 

OSI-CS 

OSI-FS 

OSIVSl RES 

PWS 


PU 


RCF 


RJE 

RPS/CM2 

Long Form and Topics 

ISDN datil link control 

Institute of Electricill and Electronics Engi
neers 

Inform:ltion Management System for 
Virtu;,1 Storage 

International Organization for Standardi
zation 

integrilted services digital network 

interactive terminal facility 

job entry subsystem 2 

job entry subsystem 3 

logical unit 

Multiple Virtual Storage/System Product 

Network Control Program 

NetView distribution manager 

non-programmable work station 

open systems interconnection 

OSI association control service element 

OSI Communication Subsystem/400 

OSI File Services/400 

Operating System Virtual Storage 1 remote 
entry services 

programmable work station 

physical unit 

request for comments 

remote job entry 

Reill time Programming 
System/Communications Manager 2 

This 
Chapter 

7-15 

7-15 

7-7 

7-4 
7-5 
7-11 

7-4 

7-11 

7-5 

7-6 

First Reference 

Communications: Integrated Services 
Digital Network Guide, SC41-0003 

Communications: Operating 
Systeml400 Communications Config
uration Reference, SC41-0001 

Communications: Integrated Services 
Digita I Network Guide, SC41-0003 

Communications _- As ynchronous Com
munications Programmer's Guide, 
SC41-9592 

Communications: Operating 
Systeml400 Communications Config
uration Reference, SC41-000 1 

OSI Communications Subsystem Pro
grammer's Concepts and Guide, 
SL23-019L 

OSI Communications Subsystem Pro
grammer's Concepts and Guide, 
SL23-0191_ 

OSI Communications Subsystem Pro
grammers Concepts and Guide, 
SL23-0191. 

OSI Communications Subsystem Pro
grammer's Concepts and Guide, 
SL23-0191. 

Communications: Transmission 
Control Protocolllnternet Protocol 
Guide, SC41-9875 

Communications: Remote Job Entry 
UsPr's Guide and Reference, 
SC09-1168 

----------------~----
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Abbreviation 

SOLC 

SMTP 

SNA 

SNADS 

SNUF 

SRJE 

TCAM 

TCP 

TCPIfP 

TELNET 

TSONS 

UDP 

VM/MVS 

VM/SP CMS 

VM/SP RSCS 

VSE/POWER 

VTAM 

WSF 

3270 DE 

3270 RA 

LOllg Form and Topics 

synchronous data link control 

simrlemail transfer protocol 

system network archi tecture 

SNA distribution services 

SNA upline facility 

telecommunications access method 

transmission control rrotocol 

TCP/IP Connectivity Utilities/400 

terminal emulation protocol 

Time Sharing Option for Virtual Storage 

user datagram protocol 

Virtual Machine/Multiple Virtual Storage 

Virtual Machine/System Product Conversa
tion Monitor System 

Virtual Machine/System Product Remote 
Spooling Communications Subsystem 

Virtual Storage Extended Priority Output 
Writers Execution Processor 

Virtual Telecommunication Access Method 

work station function 

SNA 3270 Device Emulation 

SNA 3270 Remote Attach 

This 
Chapter 

7-16 

7-6 

7-5 

7-11 

7-3 

7-3 

7-7 

7-8 

7-8 

First Reference 

• 	 Network Planning Guide, 
GC41-9861 

• 	 Communications: Operating 
Systeml400 Communications Con
figuration Reference, SC41-0001 

Communications: Transmission 
Control Protocol! Internet Protocol 
Guide, SC41-9875 

Network Planning Guide, GC41-9861 

Communications: SNA Upline Facility 
Programmer's Guide, SC41-9594 

Communications: Transmission 
Control Protocol! Internet Protocol 
Guide, SC41-9875 

Communications: Transmission 
Control Protocolllnternet Protocol 
Guide, SC41-9875 

Communications: Transmission 
Control Protocolllnternet Protocol 
Guide, SC41-9875 

Communications: Transmission 
Control Protocolllnternet Protocol 
Guide, SC41-9875 

Communications: 3270 Device Emu
lation Guide, SC41-9602 

Communications: Remote Work 
Station Guide, SC41-0002 
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Chapter 8. Cooperative Processing Enablers 

Cooperative processing refers to a personal computer running either OS/2 EE or 
PC/DOS operating system and a host (AS/400 system) working together (cooper
ating) to accomplish a single task. The work of the application that is performing the 
task is divided among the two systems to take advantage of the unique strengths of 
each, thus providing a more effective total systems solution than could be provided 
on a single system. 

The AS/400 system and personal computers in your organization can complement 
each other to provide the most productive and cost effective solutions for your busi
ness. The AS/400 system enhances the personal computer environment with 
advanced functions and applications. It provides support for an increasingly wide 
range of work stations, and can provide many options for connecting personal com
puter networks. It offers high availability. ease of use, network management and a 
broad base of applications. 

The PC Supportl400 licensed program that provides integration of personal systems 
and personal computers to the AS/400 system is integral to cooperative processing 
on the AS/400 system. It provides personal computer users with access to data, 
programs. and resources on any AS/400 system in the network. PC Supportl400 can 
be used for applications such as data transfer. file serving, print serving. and com
munications management. as well as personal computer programs such as 
spreadsheets. image. and graphics. Additionally. a windowing capability. including 
mouse support. is available for DOS-based systems using AS/400 emulation ses
sions. OS/2 EE Presentation Manager* on Personal System/2* provides mouse and 
windowing support within the operating system. 

PC Support/400 users can connect a personal computer running PC/DOS or OS/2 EE 
to the system as a work station. The connection can be a local or remote twinaxial 
connection. a connection from a token-ring network. a local or remote asynchronous 
connection (PC/DOS operating system only). a synchronous data link control 
(SDLC), or an X.25 (OSI2 operating system only) communications line. 

The PC Supportl400 licensed program collects many cooperative processing func
tions into a single product. With this product you can: 

• 	 Manage communication between a personal computer and the AS/400 system 

• 	 Use the work station function to directly access one or more AS/400 systems 
from a personal computer to manage multiple work sessions. and to enable the 
personal computer printer to serve as an AS/400 system printer 

• 	 Store information on the AS/400 system. and share the information with other 

users connected to the system 


• 	 Transfer data from the AS/400 system to the personal computer, and from the 

personal computer to the AS/400 system 


• 	 Use printers attached to the AS/400 system as though they were connected to 

the personal computer 


Another function provided by PC Support is an organizer that provides an integrated 
view of the whole system. 
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Most of the PC Support functions are independent of each other. One function or 
any combination of the functions provided by the program can be used to satisfy 
individual data processing needs of the users. For example, PC Supportl400 can be 
used to access AS/400 printers to print data generated by personal computer appli
cations or to transfer data from the AS/400 system to the personal computer, 
process it with another personal computer application, and then print a report on an 
AS/400 printer. 

+ 	 This chapter briefly discusses the application program interfaces (APls) available 

+ 	 with the PC Support/400 licensed program. These are listed as topics in the table 
+ 	 below. If you would like more information on the topic, the manual listed in the right 
+ 	 column is a good first reference. 

+ Topics 	 First Reference 

+ DDM/PC and DDMIPC API 	 Distributed Data Management Technical Reference for the 
+ 	 Personal Computer, SC21-9644. 

+ 	 Communications APls PC Support/400: Application Program Interface Reference, 
SC41-8254+ 	 • Router APPC API 

+ (DOS) 
+ • Communications 
+ 	 Manager APPC API 

+ (OS/2) 

+ • Remote Command 
+ • Start PC Command 
+ • Send Message 
+ • Receive Message 
+ • Data Queue API 

+ 	 Multiple Sessions 

+ 	 • Work Station Function 

+ LLAPI (DOS) 
+ • Work Station Function 
+ 	 HLLAPI (OS/2) 

+ PC Organizer 	 Depending on which operating system: 

+ 	 • PC Supportl400: DOS Installation and Administration 
+ Guide, SC41-0006 
+ • PC Supportl400: DOS Installation and Administration 
+ Guide (PS/55), SC41-0008 
+ • PC StJpportl400: OS/2 Instaffation and Administration 
+ Guide, SC41-0007 
+ • PC Supportl400: OS/2 Installation and Administration 
+ 	 Guide (PS/55), SC41-0009 
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Topics 

File Server Support 

Shared folders · - Check-OutlCheck-ln 
Command 
PC File System 

API 
Transfer Function API · - Transfer Function 

to PC 
- Transfer Function 

from PC 
- DDM/PC (DOS) 
- Remote SOL API 
- Copy to PC Docu

· 

ment 

- Copy from PC 


Document 

Virtual print 


PC Supportl400 Update 

First Reference 

PC Supportl400: Application Program Interface Reference, 
SC41-8254 

Depending on which operating system: 

• 	 PC Supportl400: DOS Instalfation and Administration 
Guide, SC41-0006 

• 	 PC Supportl400: DOS Instalfation and Administration 
Guide (PS/55), SC41-0008 

• 	 PC Supportl400: OS/2 Instal/ation and Administration 
Guide, SC41-0007 

• 	 PC Supportl400: OS/2 Instal/ation and Administration 
Guide (PS/55), SC41-0009 

Program-to-Program Communications 

APPC APls 
The AS/400 PC Support Router is the key component for establishing communi
cations for the PC Support product. It controls communications between a personal 
computer and one or more AS/400 systems that are physically connected either 
locally or remotely by a twinaxial cable, by a token-ring network, by an asynchro
nous connection (PC/DOS only), by an SDLC, or by an X.25 (OS/2 only) connection. 
The router consists of two separate routines, one to start the router connection to 
systems (STARTRTR) and one to stop the router connection (STOPRTR). Each per
sonal computer can direct requests to any AS/400 system in the network, including 
up to six AS/400 systems within a token-ring network. Each personal computer can 
also concurrently access the resources of 32 AS/400 systems an APPN network. 

Note: 	 Under PC/DOS, the communications support is provided by the PC 
Support/400 router, however, under OS/2 EE, it is provided by the OS/2 Com
munications Manager. 80th use the router function to manage the communi
cations but the support is slightly different because of the operating system 
differences. 

Figure 8-1 on page 8-4 shows the communication support provided for both per
sonal computers running PC/DOS and those running under OS/2 EE. 
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Figure 8-1. Communications Support for Personal Computers 

A program using the router API can start the processing of a partner program on 
another system, but a program on another system cannot start a program on the PC. 

When users wish to connect (or link) to an AS/400 system, the router looks for 
linking information in a personal computer configuration file in the form of identi
fiers. The default configuration file (CONFIG.PCS) is automatically created when PC 
Supportl400 is first installed. It can be changed using the PC Support/400 
configurator. Each identifier contains different information about how the router 
should set up the link. Some identifiers specify which system the personal com
puter is physically connected to, and others specify the type of hardware or commu
nication method to be used. The router makes all the links specified in the 
configuration file. 

The identifier that specifies the system link determines which system the personal 
computer is going to connect to. This includes both local and remote systems. The 
configuration file can contain one or several system link identifiers. By putting 
several system link identifiers in one configuration file, the personal computer user 
can quickly gain access to several AS/400 systems. If multiple system lir,!r ;e.' 

fiers are used in one file, the first one listed determines the default system. Being 
able to link to several systems at the same time allows users to access data stored 
on different systems without having to end a connection each time they switch 
systems. 

The router command can be added to a batch file on the personal computer, or con
trolled by the users when they wish to connect to a system. If the command is 
added to the autoexec batch file on the PC/DOS version of the personal computer, 
the system (or systems) specified in the configuration file are automatically con
nected each lime the user turns on the personal computer. Additionally,' users can 
program a function key which can be used like a hot key to start or stop the router. 
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Submit Remote Command 
Using the submit remote command, PC Support/400 a user can send single or mul
tiple AS/400 Control language (Cl) commands to any AS/400 system in the network. 
The user does not need to be logged onto the AS/400 system. The submit remote 
command can also be used to run programs on the host system independently of 
what is running on the personal computer. No data is sent back from the AS/400 
system on completion; only messages about the success or failure of the processing 
of the Cl command or program are returned. 

The Submit Remote Command function is designed to easily submit non-interactive 
Cl programs on target AS/400 system. Because the commands are non-interactive, 
an display session is not required. One way to do this is to submit a single remote 
command (Cl statement) from a PC command line prompt; another is to provide a 
batch process so multiple submissions of remote Cl statements can be done with a 
single PC command. 

Start PC Command 
The Start PC command is a command that runs on the AS/400 system and is a com
plementary function to the Submit Remote command. It allows AS/400 applications 
to run PC commands and programs. Start PC command is a function of the PC 
Support/400 organizer and thus requires an active emUlation session to perform its 
function. With the Start PC command, neither completion messages or data are 
returned to the AS/400 application. 

Message Commands 
The message commands provide you with the ability to send and receive messages 
from your PC without using a Work Station Function display session. Messages can 
be sent and received between personal computer users and other display stations 
located within the network. These messages can be put on a message queue or, 
through the configuration parameters, can be specified to be displayed immediately. 

Data Queue API 
PC Support provides an API that allows OSI2 applications to work with AS/400 data 
queues. (This API is not supported in the DOS environment.) The Data Queue API 
allows high-level, connectionless, asynchronous interprocess communication 
between the personal computer and the AS/400 system. OS/2 applications can 
place data on an AS/400 data queue, and receive records from the queue, thus 
allowing AS/400 and OS/2 applications to exchange data without having to be con
cerned about communications protocols. 

Multiple Session Support 

Work Station Function APls 
The PC SupportJ400 work station function allows the personal computer to emulate 
the functions of an AS/400 system display station, printer, or graphics work station. 
Each emulated device is called a session. Each session requires a unique work 
station ID on the AS/400 system. The user can have all of the sessions running on 
one AS/400 system, or have each session running on separate AS/400 systems on 
the same network. The work station function allows the user to start up to five ses
sions at once. This could be multiple printer sessions, different display stations on 
multiple systems, or a combination of any of the session types allowed. 
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Note: 	 As with the communications support, multiple sessions is provided by PC 
Support/400 for PC/DOS; multiple sessions for OSI2 is part of the OS/2 EE 
operating system. Both use the work station function (in OS/2 EE, called 
work station feature) to manage the sessions, but the support is slightly dif
ferent because of the operating system differences. 

Figure 8-2 shows an example of the multiple sessions available to the PC 
Support/400 personal computer user. In the example, the personal computer user 
could be running an OS/2 application on the PS/2, checking electronic mail on the 
local AS/400 system, uploading data to the remote AS/400 system, and printing 
reports on both the personal computer and host system printers. 

Print report using 

Check Print report using vi rtual printer. 

Electronic Mail printer emulation. 


eILocal Personal 
Computer Printer Print Server 

Host Printer 
Local AS/400 

OJ 

Personal 

Computer 


Local PC Remote-AS/4(}O
Work with spreadsheet Update files. 
applications. 	 RV2W477·0 

Figure 8-2. PC Supportl400 User with Multiple Sessions 

By using several sessions at the same time, a user can process several different 
jobs at the same time. For example, if the user has two reports to pri nt, and some 
interactive entry to do on the system, this can all be done at the same time. By 
setting up two printer sessions the user can print the documents, and by setting up a 
display session the user can do the entry work on the system. Moving between ses
sions is an easy key sequence, and changing sessions does not end the other ses
sions. If a program to process data and print a report is started on the local AS/400 
system, the processing continues even though the user leaves the local session to 
begin entering data in a program running in another session on a remote AS/400 
system. However, because of the single processing nature of PC/DOS, leaving a 
stand-alone personal computer session will cause the personal computer applica
tion currently running to pause. When the user returns to the interactive personal 
computer session, the application resumes at the point of interruption. Applications 
running under OS/2 Extended Edition will continue to process when the user leaves 
the session. 
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Not only does the work station function allow the personal computer display to 
emulate the work station display being used, but also allows the keyboard to func
tion like the keyboard of the work station being emulated. This allows system users 
to use a personal computer as an AS/400 work station. Users can assign additional 
characters or functions to keys on the keyboard to customize the emulation. 

Note: 	 If more than one session is active, the same keyboard arrangement is used 
for all display and printer sessions. 

Under PC/DOS, sessions can be managed through the session manager windowing 
support, which can span multiple systems. Each session window can be dynam
ically sized, maximized, minimized, moved, or scrolled using either the mouse or 
keyboard. Text from any windowing session can be marked and copied to any other 
active session (called the target session), including to and from PC/DOS sessions. 
As with other PC Supportl400 functions, the windowing environment can be custom
ized and incorporated into the initial start-up for each user. 

PC Support/400 provides additional support for PCIDOS personal computers that 
may be affected by main storage limitations. Using the PC Supportl400 command 
interface, the user can control PC/DOS main storage management. The user can 
remove the virtual printer, work station function, session management, message 
function, and some of the shared folder function support from PC/DOS storage. The 
user can then run other applications that may require extensive amounts of main 
storage to run on the personal computer. Additionally, if expanded memory support 
is available in the personal computer, PC Support/400 can use the buffers for virtual 
printer, work station function, session manager, and shared folders functions. This 
leaves the remaining storage available for users' applications. 

PC Support Organizer 
The PC Support organizer menu is a tool for integrating applications on the personal 
computer. As part of the work station function, it provides easy access to AS/400 
system tasks and applications, to PC Supportl400 functions, to personal computer 
commands, and to OfficeVision/400 applications, all from a single menu. Figure 8-3 
shows a sample of an PC Support organizer menu. 

pccorlNU AS/400 PC SUPPORT ORGANIZER 

Select one of the following: 

Perform Office Functions 
1. OfficeVision/400 
2. Work with documents in folders 
3. Select editor of choice 

Use PC Support/400 
4. PC Support/400 
5. Host 	 system tasks for PC Support/400 
6. PC ccmnand prompt 
7. Start a PC command 

90. Sign off 

Selection or cOtJ1lland 
===> 

F3=Exit F4=Prompt F9=Retrieve Fl2=Cancel 
F13=User support F16=Hain menu 

Figure 8-3. Sample PC Support Organizer Menu 
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Menu options can be customized to include those functions most frequently used. 
By having all the needed options available on one menu, the user can access any 
function without using commands or remembering whether the function is available 
on the personal computer or on the AS/400 system. 

File Server Support 

I Shared Folders 

+ 
+ 

As a file server, the AS/400 system provides personal computer users with 
increased storage and shared resources, as well as the AS/400 security functions, 
network capabilities, and change management functions. The PC Support/400 con
trols these options through shared folders, file transfer, and virtual print functions. 

The PC Support/400 shared folders function allows personal computer users to store 
personal computer data, programs, and documents in AS/400 folders. Access to 
personal computer programs from the shared folders is transparent to the user. PC 
Support/400 handles both OSI2 and PC/DOS file commands, byte-level locking, 
upload and download capability, and full sharing between personal computer users 
and other users in the network. Users can create folders directly from the PC 
Support/400 organizer menu. Folders and files are named based on the personal 
computer naming conventions. (Names should conform to AS/400 naming con
ventions. Unusual characters should not be used.) An entire personal computer 
subdirectory can be copied to the AS/400 system as a folder. 

Storing data, programs, or documents on the AS/400 system allows the personal 
computer user to take advantage of the large storage capacity available on the 
AS/400 system. Other AS/400 users can also access data from the folders. The 
data or programs can also be kept at the latest level because all users in the 
network, with the necessary authority, can access the same information. 

Individual folders can be accessed by several users at the same time. To maintain 
the integrity of the information in the folders shared by several users, the shared 
folders function only allows the first user to access and make changes to the docu
ment or data. For example, if two users were to access the spreadsheet folder they 
could both use the spreadsheet program, but only one person could work with an 
individual work sheet at a time. When the first user releases the work sheet to 
begin entering data into another work sheet or to run another program, the work 
sheet becomes available to other users. 

To the personal computer user, an AS/400 folder is similar to using a fixed drive on 
the personal computer. To use the folder, users either assign a drive letter to a spe
cific folder on the AS/400 system, or assign one drive on the personal computer to 
all the folders that they have authority to use on a single AS/400 system. Un t~ 

personal computer drives can be assigned anywhere in the network. 

Access to individual folders is accomplished through a command on the personai 
computer. Accessing a folder within a folder is the same as accessing a subdirec
tory on a personal computer hard disk. When the user has accessed the specified 
folder, the programs can be run as if that folder resided on the personal cornputer. 
The command can be included in the path command in the autoexec batch 
(AUTOEXEC.BAT) file on the personal computer. 

Two new functions in PC Support assist users in the use of shared folders 
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Check-Out/Check-In API 
Check-ouVcheck-in can help to maintain the integrity of the information in the 
folders shared by several users. It allows users (or PC applications) to: 

• 	 Check-out a file in a folder so no other user can change that file until it is 
checked-in. 

• 	 Optionally copy a file to the personal computer or to another folder and back. 

• 	 List files, showing who has them checked out. 

+ Hierarchical File System API 
+ 	 The Hierarchical File System (HFS) API allows AS/400 applications to access AS/400 
+ 	 folders and their contents. AS/400 applications can use functions to share folder 
+ 	 access and data with PC Support shared folders function. The HFS API provides 
+ 	 AS/400 applications with functions similar to functions found in the OS/2 file system. 
+ 	 AS/400 applications, using the HFS API, PC applications, and shared folders function 
+ 	 can combine processing capabilities to provide you with an interpreted application 
+ 	 solution. 

I 	File Transfer API 
+ 	 While the shared folders function allows personal computer users to access per
+ 	 sonal computer data stored in AS/400 documents, there may be times when the 

users wish to transfer data from AS/400 database or source files to their personal I 
computers. The PC Support/400 transfer function allows users to transfer files from I 
the personal computer to the AS/400, or from the AS/400 to the personal computer. 
The transfer function is used as an application program interface (API) to upload 
data to be stored in AS/400 databases from the personal computer. (After the data 
is stored on the AS/400 system, this data can be accessed by all users on the 
system, not just those with PC Supportl400.) Information from the host AS/400 
system can be sent to a personal computer file, display, or printer. To complete 
these transfers, four programs are provided, two are interactive, two are automatic. 

• 	 Interactive transfer programs use displays and prompts to lead the user through 
creating, changing, running, or recalling a transfer request. One-time transfer 
requests, and creating or changing automatic transfer requests, are usually 
carried out using these programs. One program transfers data to the personal 
computer and the other transfers data to the host system. 

• 	 Automatic transfer programs use the saved requests created with the interactive 
program as their source of information. As with the interactive programs, one 
transfers data to the personal computer and the other transfers data to the host 
system. 

While the most common type of transfer is the transfer of an entire file, other trans
fers can also occur. Users can select records from a single file, individual fields 
from the records, or summary information from a single file. Transfers from the 
AS/400 system can be sent to the personal computer display, printer, or main 
storage. For example, two files could be combined and transferred as one file, all 
records from one or more files that have a common field could be transferred as a 
separate file to the personal computer, or just summary information about the 
common records could be transferred. This allows users to pull data that they need 
from a number of files on the AS/400 system and put it in a personal computer file to 
create the reports or documents they need. When transferring data from a personal 
computer file to an AS/400 file, however, the entire personal computer file must be 
transferred. 
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OOM/PC (~OS) 

Remote SQL API 

Distributed Data Management for the IBM Personal Computer (DDM/PC) allows 
application programs running on PC/DOS systems, called source systems, to access 
and manage files residing on other systems called target systems. Using the DDM 
licensed program for personal computers as an extension of the transfer function, 
data residing on remote systems can be transferred to and from personal com
puters. 

The access to database files using DDM/PC is record-level access. With DDM/PC, 
your application program running on the personal computer may retrieve, add, 
update, and delete data records from database files that reside on an AS/400 
system. This gives you concurrent record input and output as well as data sharing 
among multiple applications. Furthermore, the application programmer interface 
links to DDM files on the host system and forwards the requests tothe correct 
system within the network. 

The router must be started when you are using the AS/400 system as the target 
system. 

Application programs running on your personal computer can interface with 
DDM/PC by using a set of DDM/PC functions (the DDM/PC API). This API is a set of 
file-access and file-management programming functions. 

This API allows you to run PC applications that issue SOL statements to an AS/400 
system. With Remote SOL, a program running under OS/2 or PC/DOS, and written 
in any language that can accommodate the Pascal linkage conventions, can access 
SOL or conventional database files on a remote AS/400 system. Using remote SOL 
a program can update individual records or groups of records in a database file. 
Remote SOL interfaces with the appropriate router program (DOS or OS/2) to enable 
basic program to program communication between the DOS or OS/2 personal com
puter and the AS/400 system. 

Copy PC Document Commands 

Virtual Print 

These commands make it easier for AS/400 database data to be accessed by PC 
applications and PC data to be accessed by AS/400 applications. The commands 
run on the AS/400 system to copy database files to and from folder documents. 
ASCII to EBCDIC translation is automatically performed, but no field level transf
ormations are done. 

The virtual printer function allows personal computer users to route print jobs to 
AS/400 system spool queues and printers, in addition to converting data as needed. 
(In contrast, the printer emulation function allows personal computer users to print 
AS/400 files on the printer attached to their work station.) Personal computer users 
can assign up to three printers on any system within the network as their virtual 
printers. As seen in Figure 8-4 on page 8-11, these printers could be AS/400 
printers attached to a system on the network, personal computer printers with 
printer emulation attached to another personal computer using PC Support/400 on 
the network, or any combination of the two. 
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Figure 8-4. Sharing Printers in PC Support/400 

With this capability, users can take advantage of the faster speed and better quality 
of the larger AS/400 printers, personal computer-attached printers, or not require a 
printer attached to their personal computer. 

PC Support/400 gives users two different ways to set up a printer as a virtual printer, 
interactive and automatic. 

• 	 The interactive virtual printer option allows the user to set up a printer during an 
individual session. This method of setting up a virtual printer is most often used 
for printing jobs that would require the use of a printer the user does not 
normally use. When the personal computer is turned off, any printer defined by 
the interactive method is lost and must be set up again the next time the per
sonal computer uses a virtual printer. 

• 	 The automatic virtual printer option does not need to be specified each time the 
personal computer is turned on. Virtual printer assignments can be saved in an 
alternative configuration file and accessed by an automatic virtual printer 
program. For example, if most of the printing for a particular user is sent to the 
printer attached to their personal computer with final versions sent to the 
system printer, an alternative configuration file could be created to specify this. 
Another user who does not have a printer attached to their personal computer 
could choose to use the print identifiers specified in the original PC Support 
configuration file. 

When the configure virtual printer command is issued, the program searches the 
alternative configuration file specified in the alternative configuration file parameter. 
for printer identifiers to process. The alternative configuration file is a file that the 
user sets up to define the printer and the output format to use for a virtual printer. 
The printer identifiers are what actually contain the information such as printer 
location and page length among others. If the user does not specify an alternative 
configuration file, the program searches the PC Support configuration file for printer 
identifiers specified during the original PC Support configuration. 
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The configure virtual printer command can be entered as a command, or if the user 
prefers, included in a batch file such as STARTPCS.8AT. Any virtual printer com
mands included in a batch file automatically set up the virtual printer specified in 
the alternative configuration print identifiers each time the personal computer is 
turned on. 

PC Support Update (Command Interface) 
The PC Support Update function updates existing files on the target directory with 
the versions of those same files found on the source directory. The date and time of 
the files in the source directory (folder) are compared with the date and time of the 
same file names on the target directory. When these dates and times are not the 
same, the source files is copied over the target files. 

One important use of PC Support Update is to update the PC Support code in your 
PC Support subdirectory with the latest code in the PC Support folder, QIWSFLR, on 
your default system. The PC Support Update command is placed in the startup file 
(STARTPCS.8AT) by the PC Support Installation program. 

You can also use the Update function to update user files and programs. Update 
compares the dates of two versions of the same file name and so can only be used 
with existing files. It cannot distribute new files. 
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The AS/400 system provides several ways to address compatibility issues, such as 
the following: 

• 	 Programs and data on systems for which you are not currently programming. 

• 	 Application support on systems with a release level different from your develop
ment system. 

• 	 A heritage of programs and data that must be moved from an old system to a 
new system. 

• 	 The need to design and program an application that is compatible with a wider 
range of systems. 

This can make it easier to move applications to other systems in the future. 

This chapter briefly discusses the programming compatibility topics listed in the fol
lowing table. If you would like more information on the topic, and there is more 
information available in an IBM manual, the manual listed in the right column is a 
good first reference. 

Topics 	 First Reference 

Release-to-release com No additional manual 
patibility 

System/36 environment 	 Programming: Concepts and Programmer's Guide for the 
Systeml36 Environment, SC41-9663 

System/38 environment 	 Programming: Systeml38 Environment Programmer's Guide 
and Reference, SC41-9755 

Systems Application Systems Application Architecture: An Overview, GC26-4341 
Architecture (SAA) 

AS/400 System Compatibility, Release-to-Release 
Upward compatible: 08/400 objects are upward compatible. Objects that are 
created and saved on the current release level can be restored on any future 
release. 

Downward Compatible: 08/400 provides 1 release level of downward compatibility. 
Objects that are created on the current release level can be saved and restored on 
the previous release level provided that only previous release function is used. 
Most 08/400 object-types provide this support including programs ('PGM) and files 
(*FILE). 

© Copyright IBM Corp. 1991 9-1 



IBM Confidential GC41-9802-00 

Current Previous 

Release Release 


o 
Program 

Database 

~ 
RV2W468-0 

Figure 9-1. Downward Compatible Programs and Files 

Downward compatibility is useful to: 

• 	 A network enterprise with a central site development system on the current 
release and with remote sites still on the previous release. 

• 	 An application development business with a single system on the current 
release that supports customers who may still be on the previous release. 

System/36 and System/38 Environments 
For customers who install an AS/400 system to replace or supplement either a 
System/36 or System/38, the AS/400 system supports the operating environment for 
both systems as part of the AS/400 operating system. The operating environments 
are available from the command line on the display and are available for both inter
active and batch jobs, or the System/36 environment can be available automatically 
when a job starts by specifying an attribute on the user profile. The System/36 and 
System/38 environments provide several benefits for the move to a new system: 

• 	 In many cases, programs written for System/36 and System/38 can be moved to 
the AS/400 system to run on the new system with minimal change. In many 
cases, System/36 programs need only be recompiled. Most System!38 pro
grams do not even need to be recompiled. 

• 	 Data files moved to the AS/400 system are identified as AS/400 files and can be 
accessed from either environment or from the OS/400 program. 

• 	 The AS/400 system can maintain programs and files for the System/36 and 
System/38. 

• 	 Program conversion, to take advantage of the OS/400 functions, can take place 
gradually. New parts of an application can use OS/400 functions while other 
parts migrated from a System/36 or System/38 can remain unchanged. 

• 	 Users can function on the AS/400 system in a familiar operating environment 
until they become accustomed to the new OS/400 menus, entry displays, and 
commands. 

• 	 Compatible, separately orderable, products are available which continue to 
support the System/36 and System/38 licensed programs. 
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To help the user migrate to the AS/400 system, a menu-driven Migration Aid leads 
the user through the migration process, i ncl uding the migrating steps that occur on 
the System/36 or System/38 and those that occur on the AS/400 system. Figure 9-2 
on page 9-3 shows how the migration aid works and where the functions take 
place. 

AS/400 Database Migration Aid 

• Analyze 
• Select 

Machine Interface • Save 
• Print Reports 
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Figure 9-2. How the Migration Aid Works 

After the application programs and data are moved to the AS/400 system, the fol
lowing options are available, but are not mutually exclusive: 

• 	 To continue to function as if the programs and data files resided on the 
System/36 or System/38. The programs and files are accessed from the associ
ated environment. 

• 	 To gradually convert programs to OS/400 commands and syntax, and to make 
all of the necessary changes to the source to operate completely within the 
OS/400 program. 

• 	 To maintain the System/36 or System/38 source to support a network that 
includes System/36s or System/38s. For example, System/36 or System/38 pro
grams and files would exist within the programming environment. as part of 
central site programming development or as part of a network of systems 
including System/36, System/38, AS/400 systems, and possibly other computers. 

Any combination of these options can exist within a single system or network. To 
discuss these subjects, the chapter is divided into the following sections: 

• 	 Application Support 
System/36 Environment 
System/38 Environment 
Coexistence 
Conversion to AS/400 programs 

• 	 Compatible products 

OS/400 

OS/400 Migration Aid 

• Restore 
• Compile 
• Print Reports 

System/36 System/38 

Environment Environment 


Migration Aid 

• Analyze 
• Select 
• Save 
• Print Reports 
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Application Support 
A programming environment includes all the programs, files, and system support 
required by a program to perform the task. For example, on the AS/400 system. this 
includes the commands and programs used by the application program, the 
libraries and database files, as well as, the storage used to process the information. 
On a completely installed AS/400 system, there are always three environments 
available, the OS/400 program, the System/36 environment, and the System/38 
environment. These environments exist on the AS/400 system and are accessed 
either interactively or through a batch job. If you do not specify that a job is running 
under a specific environment, the job is processed in OS/400, using OS/400 CL com
mands. Within the alternative environments, most System/36 procedures and OCL 
statements or System/38 commands are supported by OS/400. 

+ 	 Figure 9-3 shows the programming environment suppol1 on the AS/400 systems. 
On an AS/400 system, the application can directly access the data management 
functions of the OS/400 program to manage the data. The environment services of 
the System/36 environment and the System/38 environment allow users to create 
System/36 and System/38 applications. Printing, data management, and work man
agement is handled by the environment services which interface to the OS/4oo 
program. 

-~~------~~~~ 

OS/400 

Environment System/36 System/38 
Services 

AS/400 Database 


Machine Interface 


Figure 9-3. Environment Support 

9-4 System Concepts 



IBM Confidential GC41-9802-00 

Because of the different architecture of the System/36 and System/38, the support 
provided for the System/36 environment user is more extensive than that provided 
to the System/38 environment user. For example, a System/38 program can simply 
be called. However, when accessing System/36 procedures, any of the following 
methods can be used: 

• 	 Use of a user profile attribute that causes a job to automatically enter the 

System/36 environment ( for example, when an interactive user signs on or 

when a batch job is submitted). 


• 	 Use of the Start System/36 environment (STRS36) command to enter the 

System/36 environment. A parallel end command (ENDS36) can be issued to 

end the session with the System/36 environment. 


• 	 Use of the Start System/36 Procedure (STRS36PRC) command can be used to 
enter the System/36 environment and start a procedure. If the user is not in the 
environment, this command can be used to run the procedure and then return 
the user to the environment in which the command was issued. 

OS/4OO commands and functions are always available within either environment. 
The user profile can be set up to automatically start the System/36 environment as 
the user signs on to the system. 

Within each environment, the AS/400 system supports: 

• 	 System/36 Operation Control Language (OCl) procedures for the System/36 

environment 


• 	 System/38 Control Program Facility (CPF) Control language (Cl) commands for 
the System/38 environment 

• 	 Compiled AS/4oo Control language (CL) 

All environments support compiled CL. Files from System/36 environment, 
System/38 environment, orthe OS/4OO program can be accessed from any environ
ment. Figure 9-4 shows how application programs from any environment can use 
information from any database file since all data is stored in OS/400 data files. 
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Figure 9-4. Accessing Data Files from Environments 

The mixed environment capability of the AS/400 operating system allows users to 
include a mixture of programs and procedures from the various environments. For 
example, as illustrated in Figure 9-5 on page 9-6, an OS/400 CL program can start 
the System/36 environment, run a procedure, end that environment. call a 
System/38 program, and then run another OS/4oo application program. 
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Start (STRS36) 

System/36 Environment 

Figure 9-5. Mixed Environment Programming 

Operating within the environments allows users to use commands and syntax with 
which they are most familiar. For example, even though the syntax differs, the 
OS/400 program recognizes the qualified or unqualified name in any syntax: 

Environment 	 Command Qualified Unqualified 

System/36 environment 	 /I LOAD PGMX,LlBY PGMX 
/I RUN 

System/38 environment 	 CALL PGM(PGMX.LlBY) PGM(PGMX) 

OS/400 	 CALL PGM(LlBY/PGMX) PGM(PGMX) 

Some function keys have changed from the way they were assigned on the 
System/36 and System/38. Each display has an explanation of the function keys 
available for that task, and they are consistent throughout the OS/4oo program. For 
example, F3 is now exit the function and F12 is always Cancel in all of the environ
ments. Consistent function keys is part of the strategy for the Systems Application 
Architecture (SAA) goal for a common user access (CUA) and for greater consist
ency within the IBM family of computers. 

Several command names were changed to provide better consistency such as the 
use of verbs like STR for start and END for end. In some cases, keywords on com
mands were dropped or parameter values were changed. Additionally, if the func
tion of the procedure or OCl statement is no longer applicable, it is not supported. 
For example, in the System/38 environment, the PWRDWNSYS ADRRGN (power 
down system, address regeneration) parameter was dropped because address 
regeneration is no longer needed. In the System/36 environment, the compression 
of the hard disk and condense library functions are no longer required. The system 
does not report an error if the dropped parameters are specified, but they are 
ignored. 
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System/36 Environment 
The 8ystem/36 environment supports developing and running 8ystem/36 applica
tions that use procedures, Operation Control language (OCl) statements, utilities, 
menus, messages, and application program interfaces (APls). The 8ystem/36 envi
ronment is operating system support that is designed to provide 
8ystem/36-equivalent function, using underlying 08/400 functions wherever pos
sible. Any 08/400 function can read, update, delete, and rename the migrated 
objects from a 8ystem/36. The user's compiled programs, messages, display 
formats, data file utility (DFU) programs, files, libraries, and so forth, are all AS/400 
objects when being used by the system. Jobs running under the 8ystem/36 environ
ment use 08/400 work management functions such as job queues, output queues, 
subsystems, and so on. 

The environment uses the A8/400 data management functions to provide 8ystem/36 
equivalent support as well as to take advantage of the additional capabilities of the 
08/400. For example, 08/400 allows more files to be open. The 8ystem/36 com
mands call 08/400 functions. The 8ystem/36 Operation Control language (OCL) is 
comparable to the program-related 08/400 Cl commands. However. the 8ystem/36 
OCl procedures on the 8ystem/36 are run interpretatively as opposed to the com
piled Cl programs of the AS/400 operating system. 8ystem/36 procedures running 
in the 8ystem/36 environment can include 08/400 and 8ystem/38 environment com
mands and programs. 

Within the System/36 environment, source members are stored as members within 
a single source file in a library instead of directly within a library. Library searches 
within the System/36 environment begin with the search order defined for the 
System/36. If the object is not found, the system searches the AS/400 library list. 
Members of libraries on the 8ystem/36 (procedures or programs) have the same 
authority as the library in which they exist. However, the added security functions 
provided by the 08/400 program allow authorities to be assigned individually for 
each item. 

Operating within the System/36 environment, any OS/400 command can be used 
without ending the System/36 environment. 

Systeml38 Environment 
The 8ystem/38 environment is put into effect as an attribute of a program or a 
command. For example, if you run a program that has the System/38 environment 
attribute, the program uses 8ystem/38 command syntax, command definitions, and 
function. Objects will have a different type depending on which create command 
was used. For example: 

Description AS/400 System System/38 Environment 

CL Program CLP CLP38 
Physical file PF PF38 
RPG III RPG RPG38 

When restoring objects to the AS/400 system that were saved from the System/38, 
the object attribute for files (created from source) and programs is changed to 
reflect the originating system. 

In some cases, command and DDS parameters on the AS/400 system have different 
default values. For example. on SBMJOB (submit job), the default for the INlLlBl 
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(initial library list) parameter in the OS/400 program is 'CURRENT, instead of 'JOBD 
as it is in the System/38 environment. 

The Convert to CL Source (CVTCLSRC) command can help in converting most CPF 
CL to AS/400 CL source. CVTCLSRC reads the commands in a source member and 
writes the converted commands to another source member but it does not re-create 
the CL program. CVTCLSRC (or a manual conversion of just command changes) is 
not a complete conversion because some programs are coded with variables. The 
converted program would fail when it was run if the system found values which are 
not valid for parameters on 08/400 commands. 

Coexistence for many customers means that the AS/400 system be used in a 
network with other systems. Many users will continue to use the System/36 or 
8ystem/38 environments for developing and testing application programs that will 
run on one or more System/36s or System/38s in the network. This allows them to 
take advantage of the AS/400 programming productivity features. Applications and 
data can easily be moved through a network of systems using either the communi
cations or save-and-restore functions. 

Data Interchange Between Systems: An AS/400 application program may require 
data stored on either a System/36 or a System/38 or vice versa. The OS/4oo object 
differs from the System/38 object and the System/36 file, which is usable on a 
System/36. Consequently, program objects from an AS/400 system cannot be saved 
and restored onto a System/36 or 8ystem/38. A saved object or file from either 
system can be restored on the AS/400 system and the information is mapped into 
the AS/400 format. 

However, users can save source and data objects from the System/36 environment 
and, using normal System/36 restore interfaces, restore them onto a System/36. 
System/38 environment source can be moved to a System/38 using normal data 
interchange. The System/38 objects can be created from this source. 

Figure 9-6 shows how objects and source are saved from a System/38 and restored 
on the AS/400 system. The AS/400 system automatically converts the source 
member type to include the System/38 attribute. 

AS/400 System 

Systeml38 

Sove @ R.,.", 

Sourc"---_V
File 
Member 1 
Type = CLP38 
Member 2 
Type=RPG 
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Figure 9-6. Restoring Systeml38 Files to an ASI400 System 
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The data interchange format can be used when interchanging data between a 
System!36 or System!38 and some other system type (for example, System!370) or 
when replacing a System!36 or a System/38 with an AS/400 system. Compatible 
media and recording density are required on both systems. No changes are neces
sary in the data interchange format. 

Folder Information: Personal computer data on the AS/400 system is stored in the 
folder object type. No support is available to extract the information from a folder 
on an AS/400 system and to convert it to a virtual disk for a System/38. A command 
Copy From a Personal Computer Document (CPYFRMPCD) does exist on the AS/400 
system to copy a document from a folder to an AS/400 database file, but the internal 
format of this file is not the same as that used on the System/38. Folders cannot be 
migrated from an AS/400 system to a System/36, however, folders can be migrated 
from a System!36 to an AS/400 system. 

PC Support/400 can convert files from System/38 and System/36 to AS/400 folders. 
This command is available anytime, not only during migration. 

Conversion to OS/400 Programs 
It is important to understand the difference between running programs in the 
System/36 or System/38 environment and operating the AS/400 system using only 
OS/400 commands and functions. Operating the AS/400 system includes such 
things as using OS/400 CL commands to operate the system and code the programs, 
using OS/400 displays, and handling messages. To convert fully to the OS/400, you 
must convert your programs and job streams that are operating in one or both of the 
environments. 

Many file conversions (such as physical files) require only a simple creation from 
the existing source. In fact, not all files need to be converted. When files are moved 
to the AS/400 system that were not created directly from source, which includes all 
files being migrated from the System/36, they are marked as 08/400 files (for 
example, a physical file, PF). If a file is created using the Create Duplicate Object 
(CRTDUPOBJ) command, the display object description (DSPOBJD) information of 
the new file does not renect the original source file or member. Only the file type, 
which is automatically tracked by the system, identifies the type (such as PF38) from 
which it was duplicated. 

Many high-level language programs convert to OS/400 programs without requiring 
extensive changes to the source code. For most System/38 programs, the program 
may only need to be re-created using the OS/400 create program (for example, to 
create a CL program, CRTCLPGM) command, which creates the program object 
description information from the source. However, most System/36 environment 
programs would require some source code changes to be compiled as an AS/400 
program. 

Compatible Products 
Several products from the Syslem/36 and the System!38 are available for the envi
ronments. They can be used to change migrated programs and files or to create 
and update new ones within the environments. A primary objective was to ensure 
that the primary application interfaces on the System/36 and System/38 were sup
ported by the environments. Information produced by these applications, and the 
interfaces see n by the users of th ese appl ications, are eq uivalent to that of the origi
nating system. 
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For example, support is provided for changing and compiling Report Program Gen
erator (RPG II) objects migrated from a System/36. Additionally, RPG " programs 
can be developed in the AS/400 System/36 environment to run on an existing 
System/36. The following is a list of some of the languages supported: 

Systeml38-Compatible COBOL: The System/38 COBOL ANSI 74 level is supported 
in the System/38 environment. The AS/400 COBOL is ANSI 85. If the source is to be 
shared between System/38s and AS/400 systems operating within the System/38 
environment, it is best to use ANSI 74. When converting to OS/4oo programs, some 
programs may require changes. 

Systeml36-Compatible COBOL: The System/36 environment will now check for a 
valid range for subscripts used as indexes for arrays. The 64K limit does not exist. 

Data File Utility (DFU): When migrating from a System/36, DFU list programs can 
only be run in the System/36 environment. DFU enter, update, and inquiry programs 
can run either in the System/36 environment or in the OS/4OO program. However, 
maintenance of DFU programs migrated from a System/36 must be done in the 
System/36 environment. 

All System/38 DFU functions are supported in the environment. 

Queryf38: System/38 Query functions are supported in the environment. The 
Query/4oo has several enhancements including: 

• Changes and query definition functions are accomplished in the same way 
+ • Online help and index search capability 

• Collating sequence support 
• Character result field are created using substring and concatenation 
• Additional numeric editing 

System/36-Compatible RPG II: In addition to the functions currently available to the 
System/36 application developer, the System/36-compatible compilers provide the 
following expanded capabilities: 

• Greater than 64K program size 
• Maximum number of arrays is increased from 75 to 200 
• Ability to call any other high-level language program on the system 
• Maximum number of files used by a program increased from 20 to 50 

System/38-Compatib/e RPG III: Not only are the System/38 RPG functions sup
ported in the environment, but the RPG/400 has several enhancements which run in 
the System/38 environment including: 

• Increased numeric field length from 15 to 30 
• Additional I/O feedback for Post operation 
• New values for some keywords providing additional function 

Text ManagementJ38: Documents created using either System/38 Text Manage
ment or the System/38 Personal Support Editor can be migrated to OfficeVision/400 
documents. Some changes are required in the document and the way in which you 
work with the document. For example, on System/38, the type of printer was speci
fied (such as "5219). On the AS/400 system, the device name is given (such as P2). 
Text ManagemenU38 in the System/38 environment allows users to do word pro
cessing tasks such as create, file, revise, and retrieve documents. From the 
System/38 environment, the user can access the AS/400 database interactively from 
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the program either at editing time or printing time to incfude data in a text docu
ment. 

SAA Support on the AS/400 System 
Systems Application Architecture (SAA) is a framework in which programs are 
developed so that they run consistently on major IBM computing systems
System/370' host (VM and MVS operating systems), the AS/400 system (OS/400 
program ), and Personal System/2 (OS12* program). This includes: 

• Consistent programming interfaces 
• Consistent end-user interfaces (system and application) 
• Connectivity and data interchange across major IBM systems 
• Common applications, from IBM and vendors, across major IBM systems 

Figure 9-7 shows the scope of SAA. 
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Figure 9-7. Systems Application Architecture 

The focus of SAA is for enhanced ease of use and programmer productivity through 
consistency across applications. The key elements in SAA are: 

• Common User Access (CUA) 
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• Common Communications Support (CCS) 
• Common Programming Interface (CPI) 

These elements identify the rules and conventions for how the displays look to you, 
the common functions supported by the system and application programs, and the 
portability between operating systems. 

Common User Access (CUA) 
The Common User Access (CUA) is a set of rules and guidelines for designing user 
screens. It specifies a standard set of screen elements to be used by the system 
and by application designers. The intent is to provide a highly usable, easily 
learned functional interrace that supports significant transfer of user learning 
between applications within systems and across the SAA systems. The common 
guidelines include: 

Use of windows 	 The CUA model for information display assumes a windowing 
environment. It treats non-windowing environments as a 
subset in which the windows are full-screen size and cannot 
be made smaller. CUA specifies that information is pre
sented to the user in windows. 

Screen design 	 Each is made up of components such as titles, scrolling infor
mation, field prompts, selection fields, and entry fields. 

Function keys 	 Function key assignments are specified for CUA-defined 
actions. These can be changed to suit the needs of the indi
vidual user or application. 

Dialog design 	 This allows users to direct the conversation between them
selves and the application they are using. It provides a 
vehicle for the application to request more input and informa
tion from users. 

User aids 	 This includes messages and Help text. Messages tend to be 
spontaneous interruptions of dialog by the application. Appli
cation designers choose, on a situation-by-situation basis, 
which type of message to use on the basis of the importance 
of the interruption. The online Help helps users complete 
tasks with minimal interruption. The information relates to 
the current task. 

User options 	 These include color, function keys, and other application
unique preferences. 

National-languages 	 The CUA rules are designed to assist the translation process. 
This includes non-English character sets, double-byte char
acter sets, and terms to be used in each supported language. 

Terminology 	 Consistent use of terms throughout the SAA family of systems 
helps users form the proper conceptual model of the inter
face. For example, whenever users see and use an Exit 
option, the function should always produce the same results. 
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Common Communications Support (CCS) 
The Common Communications Support (CCS) describes how systems work together 
to complete a job. For example, it controls how systems communicate with one 
another to store, retrieve, and move information through the communications 
network. 

CCS provides for the interconnection of SAA systems. Such interconnection is not 
simply the physical transmission line connection between SAA systems. CCS also 
provides: 

• 	 Application protocols to permit useful data interchange between SAA applica
tions and end users 

• 	 A set of communication protocols that collectively provide such services 

• 	 Services to enhance user productivity, such as distributed data, program-to
program communication, and network management, and permits access from 
non-SAA systems to SAA environments 

In short, CCS provides interconnect and data interchange to SAA application users 
and applications through SAA interfaces, while also specifying the means by which 
non-SAA systems can participate in SAA environments. 

Common Programming Interface (CPI) 
The Common Programming Interface (CPI) specifies a set of common programming 
languages and services that a programmer can use to write and design the interface 
for new application programs for SAA systems. The interface allows application 
programs to be nearly independent of the underlying system. The services include 
the functions of a database, database query, presentation and dialogue, and com
munications. The application programmer who learns the necessary elements of 
the CPI to code an application in one SAA system can use the same skills to write 
programs for any other SAA system. Through this consistency of design, applica
tion programs can be written to use information or programs residing in other inter
connected computers or can be easily migrated to other SAA systems to be run on 
those systems. 

AS/400 System Participation 
The AS/400 system carries out full SAA support. This support will be delivered in 
stages and is not all available at this time. Support of SAA by the AS/400 licensed 
programs permits the system to be used as a consistent part of a network of SAA 
systems. SAA support also allows the AS/400 customer to take advantage of the 
common SAA applications, training, and skills that exist. 

CUA support is provided in the AS/400 licensed program displays. These displays 
are organized to meet the CUA guidelines so that they provide good usability char
acteristics and assure that there is consistency in the operator interface across the 
system and across IBM SAA platforms. The displays that are created for customer 
applications may conform to the level of CUA supported by the AS/400 licensed pro
grams or to the more advanced Graphic level CUA guidelines. 

The CPI elements supported by AS/400 licensed programs inc/ude: 

• 	 COBOL 
• 	 RPG 
• 	 Application Generator 
• 	 REXX 
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• FORTRAN 

• C 
• Communications 
• Database 
• Repository 

Other SAA CPI elements will be added in the future. The AD/Cycle repository inter
face, for instance, is a SAA CPI and the application development information model 
will be accessed through this CPI. This means that over time, the AS/400 develop
ment environment will support these components. Support of these architectures 
permits the AS/400 user to create applications that can be easily adapted to other 
IBM SAA systems, to use the same interfaces and designs across different IBM SAA 
systems, to obtain and adapt applications created for another IBM SAA system, and 
to take advantage of the training and skills that may already exist in the use or these 
application development interfaces. 

For example, the Application Generator interface is supported in the IBM program 
named Cross System Product (CSP). The definition and generation of an application 
is performed on an IBM System/370 system using MVS CSP Application Develop
ment (CSP/AD) Version 3.2 or later. The new application is then loaded to the 
AS/400 system and run using the OS/4oo CSP Application Execution (CSP/AE) 
support. In addition to run-time support, the operating system also provides com
mands and interactive menus that aid in the creation and management of CSP/AE 
objects on the AS/400 system. 

The AD/Cycle application development platform and life cycle tools are intended to 
assist you in the development and maintenance of applications that operate in an 
IBM SAA environment. Furthermore, IBM and selected vendors will provide initial 
sets of SAA-compliant application development tools, plus the model of information 
needed by those tools to support your application development. 

The SAA CCS elements are supported primarily by the OS/4OO licensed program. 
Some elements are supported by the communications utility programs, 
OfficeVision/400, PC Support/400, and other licensed programs. Support of the CCS 
elements assures the ability to connect and exchange data and documents with the 
other IBM SAA systems (and other systems that support the SAA architectures). 
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Chapter 10. Work Management 
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Work management supports the commands and operating system functions neces
sary to control system operation and the daily work load on the system. It controls 
resources for applications, such as work stations and storage, so that the system 
can support multiple applications and system tasks. 

All the work done on the system is submitted through the work management func
tions. When the OS/400 program is installed, it includes a work management envi
ronment that supports interactive, batch, and communications jobs. The operating 
system can be tailored to create an individual, user-defined work management envi
ronment. 

This chapter briefly discusses the work management topics listed in the following 
table. If you would like more information on the topic, the manual listed in the right 
column is a good first reference. 

Topics 	 First Reference 

• 	 Work management Programming: Work Management Guide, SC41-8078 
structure 

• 	 Subsystems 

IBM-supplied sub

systems 

User-defined sub

systems 

Subsystem 

descriptions 


• 	 Jobs 

- Job descriptions 

- Job cl asses 


• 	 Performance 

Work Management Structure 
Figure 10-1 on page 10-2 shows the objects included in and managed by work man
agement. The reference numbers refer to the descriptions following the figure. 
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Figure 10-1. Work Management Structure 

D 	 System values and network attributes are control values that aFfect how the 
system operates. System values are set to the default values when the system 
is shipped. Examples of system values are date, time, name of the controlling 
subsystem description, and maximum activity level of the system. Network 
attributes also apply to the local system but determine how the system works 
in a network of systems. Network attributes include alert status, system name, 
and default message queue used for object distribution. These values can be 
changed by the user to change system operation. 

fJ 	 A subsystem is a predefined operating environment through which the system 
coordinates the work flow and use of resources. The system can contain 
several subsystems, all operating independently of each other. Subsystems 
share resources. The run-time characteristics of a subsystem are defined in 
an object called a subsystem description. It defines what jobs can run within a 
subsystem and whether they can be run in batch or interactively. The sub
system is known to the system by the subsystem description name. Depending 
on their processing needs, users can create their own subsystem descriptions 
or use the subsystem descriptions supplied by IBM. 

I] 	Each piece of work run in a subsystem is called a job. Each job is an identifi 
able sequence of processing actions that represent use of the system. I n a 
subsystem description, work entries identify the source from which jobs can be 
started for running in that subsystem. The source is where the job came from, 
for example, the work station or job queue. The subsystem reads the job 
description associated with each job to determine the attributes of the job. 
This includes the library list, message logging level, job queue, routing data, 
assigned or default printer, output priority, and user profile. 

m Jobs are processed in a subsystem as one or more consecutive routing steps, 
identified by routing entries in the subsystem description. 
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Subsystems 
Subsystems provide the ability to have as many, or as few, unique operating envi
ronments as necessary to meet the processing needs of an installation. The 
number of subsystems that can be active at one time is limited only by the 
resources available on the system. Each subsystem can be controlled independ
ently. Although many subsystems can be active at the same time, at least one sub
system is required at all times. Figure 10-2 shows the now from the system input 
device (work station, job queue, communications device) to the work entries in the 
subsystem through the routing entries in the subsystem to the actual start of the job. 

,/ 
Work Work Entries 

I Station Au,,,,,.,, Job~, 
Work Station 

,/ Job Queue - 

/
Job Queue / 

~ommu";ca"on,Y

Device 

\ 

Figure 10-2. Starting a Job 
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In the library QSYS, IBM supplies two complete controlling SUbsystem configura
tions, QBASE (the default controlling subsystem) and QCTL. Each can be used as 
shipped or changed to meet the needs of the individual users. The controlling sub
system starts automatically when the system starts. The controlling subsystem 
description value specified in the system value (QCTLSBSD) determines which con
figuration (QBASE or QCTL) the system uses. 

The QBASE default configuration allows the user to run all the same functions that 
the QCTL configuration does and is easier to manage because it consists of fewer 
subsystems. The following QBASE subsystem descriptions are found in the QSYS 
library: 

• 	 QBASE. supports interactive, batch, and communications jobs. It has an 

autostart job that automatically starts the QSPL subsystem. 
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• 	 Q8PL, the spooling subsystem, supports reader and writer jobs. Users can 
change the subsystem to meet the needs of the application. 

The QCTL configuration allows more individual control over system operations by 
dividing the system activity into different subsystems based on the type of activity. If 
there is a need to extensively change the subsystem configuration or to create a 
new one, it is easier to use the QCTL configuration as a starting point. For example, 
if it is necessary to run batch jobs over the weekend or overnight without allowing 
users to sign on to work stations, that is easily done with the QCTL configuration by 
ending the QINTER subsystem. 

The following QCTL subsystem descriptions are found in the QSYS library: 

• 	 QCTL is an autostart job that automatically starts the QSPL, QINTER, QBATCH, 
and QCMN subsystems 

• 	 QINTER has work station entries for all work station types and supports interac
tive jobs 

• 	 QBATCH has job queue entries for the QBATCH job queue and supports batch 
jobs 

• 	 QCMN has communication entries for all communications protocols and sup
ports communications jobs 

• 	 QSPL has job queue entries for spooled jobs and supports reader and writer 
jobs 

User-Defined Subsystems 
In addition to the subsystems supplied by IBM, the 08/400 program also allows the 
customer to copy and change existing subsystems or create new ones to support 
special data processing requirements. For example, unique subsystems might be 
needed to do the following: 

• 	 Control an application that must be continuously available and that must provide 
a rapid response to its users. 

• 	 Provide an operating environment that must be separately controlled. For 
example, if some work stations are to be used only during a specific period of 
the day, these work stations could be specified as work entries in a user-defined 
subsystem that the system operator starts and ends at the same time each day. 

• 	 Process different kinds of batch jobs, such as: 

Long running batch jobs 
Batch jobs set to run at specific times 
High priority batch jobs 

• 	 Provide specific control over a critical or unique application. By having a sepa
rate subsystem for this type of application, the performance and consistency of 
the application can be controlled more easily. 

Subsystem Descriptions 
A subsystem description is required to define each subsystem to the system. The 
OS/400 program uses information contained in the SUbsystem description to define 
the environment provided by the subsystem. Subsystem descriptions can be 
changed or new subsystem descriptions can be created for specific proceSSing 
needs. 
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Subsystem descriptions contain the following categories of information: 

• 	 Subsystem attributes 
• 	 Work entries 
• 	 Routing entries 
• 	 Communications entries 
• 	 Autostart job entries 
• 	 Prestart job entries 
• 	 Job queue entries 

After a subsystem description is created, the subsystem entries can be added to the 
subsystem description. The subsystem can be started and ended by control lan
guage commands. 

Subsystem Attributes 

Work Entries 

The subsystem attributes of the subsystem description contain: 

• 	 The storage pool definition determines what amount of main storage is allowed 
for jobs running in that subsystem. A subsystem can have its own storage pool, 
or it can share a common storage pool (called the "BASE storage pool) with 
other subsystems. A storage pool definition within a subsystem also contains 
an activity level that determines how many jobs cancompete for system 
resources at the same time. 

• 	 The name of the sign-on display file and the library where the sign-on display 
file is stored that the subsystem will use when displaying the sign-on screen. 

• 	 The maximum number ofjobs that can be active in the subsystem at one time. 

• 	 The descriptive text for the subsystem description can also be included, as a 

reminder for the user. 


In addition to the subsystem controlling the number of jobs that can be running at 
one time, each storage pool also has an activity level associated with it. The 
storage pool activity level limits the number of jobs in the storage pool that can be 
competing for the processing unit. 

The work entries in a subsystem description specify the sources from which jobs 
can be selected to run in that subsystem. Each work entry in a subsystem 
description, except the job queue entry, refers to a job description. The job 
description for batch jobs is specified by the user or as part of a program when the 
job is submitted. Figure 10-3 on page 10-6 shows the relationship of work entries in 
a subsystem description to the other elements within a subsystem. 
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Figure 10-3. Work Entries in a Subsystem Description 

Job queue entries: Job queue entries specify the name of a job queue from which 
the subsystem can start batch jobs. Jobs are placed on the job queue when they 
are read by a spooling reader or submitted to the queue from another job. The job 
queue does not need a job description as it merely tells the system where to get the 
work. The job description for the job tells the system what to do. 

Autostartjob entries: Autostart job entries specify jobs that are to be automatically 
started when the subsystem is started. The jobs specified as autostart jobs are not 
started from a work station, so they are processed as batch jobs. Because they are 
automatically started by the subsystem, however, they are not placed on a job 
queue. 

Work station entries: Work stalion entries specify the work stations from which 
interactive jobs can be started in the subsystem. 

Communications entries: A communications entry specifies one or a group of com
munication device descriptions by name or type, or a remote location name from 
which communicating batch jobs can be started. The program on the system which 
is to be started from another system is specified in a routing entry in the subsystem 
description or in the routing data in the job description. 

Prestartjob entries: Each prestart job entry identifies the program name that is to 
be started, the number of jobs that need to be started with the program, and the 
user profile under which the jobs will be run. The prestart job entries can be used 
to start a job on the local system before a remote system sends a program start 
request. By adding the prestart job entry to the subsystem description, the jobs 
start when the subsystem is started. 
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Routing Entries 

Jobs 

The routing entries in a subsystem description specify the programs to be called, 
and specify the classes that define the environment of a specific job. The pro
cessing performed as a result of calling the program specified in a routing entry is 
called a routing step. Typically, each job will have only one routing step. Work 
management establishes the environment for a routing step when the routing step is 
started. The environment of a job includes the run priority, storage pool identifica
tion, the default wait time, as well as other information. The environment can be 
changed during a job. The program that is called when the job is started controls 
the processing within a job. That program might call other programs to perform the 
functions that are required in the job. 

The routing entries in a subsystem description form a routing table. When a job is 
started, the appropriate routing entry is selected by means of routing data. The 
routing data is extracted from the job description associated with the job, or is spec
ified when a batch job is placed on a job queue. The OS/400 program compares the 
routing data with the values in the routing entries to determine which routing entry 
to select from the routing table. 

For example, the subsystem descriptions provided by IBM specify the OS/4oo 
control language processor (program QCMD) in the routing entries. Thus, the 
control language processor is called when routing steps are started in these subsys
tems, and work can be submitted through control language commands. To make the 
system easier to use, the control language processor can then call programs spe
cific to the user who signed on. 

Routing steps for batch jobs are started the same as for interactive jobs. That is, the 
routing data is compared with the routing entries in the subsystem description. 
When a match is made, the program specified in the routing entry is called and the 
routing step is started. For the subsystem QBASE, the program QSYS/QCMD is 
called to process the commands in the job. QSYS/QCMD supports both interactive 
and batch jobs. 

The routing data is taken from the job description specified on the commands that 
placed the job on the job queue, or from the routi ng data (Rl=GDTA) parameter on 
the submit job (SBMJOB) command. If routing data is specified in the command, it 
is used instead of the routing data contained in the job description specified. 

The system operator can manage the work load on the system by starting and 
ending the subsystems needed for the various kinds of work to be performed. 
However, because jobs can be individually controlled, the work load can be further 
managed at the individual job level. This is done by defining attributes to meet the 
special requirements of an individual job. 

Within a job, any number of related or unrelated functions can be performed. The 
functions might be requested in: 

• A series of control language commands 
• A Single program 
• One or more programs that are each made up of a series of programs 

On many systems, the running of programs within a job is controlled only through 
the use of job steps, which are identified in the control language statements that 
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Autostart Jobs 

Interactive Jobs 

make up the job. However, on the AS/400 system programs can call other programs 
directly. Thus, the job is simply made up of whatever sequence of processing 
actions a user wants performed. 

Autostart jobs are started automatically when a subsystem is started. The routing 
data used to start the routing step in the job is taken from the job description. 

Interactive jobs are started when a work station user signs on. An interactive job 
consists of all the work performed as a result of input received from the time the 
work station user signs on until the user signs off. Processing actions performed 
after the user signs off, such as writing spooled output to a printer are still consid
ered part of that interactive job because the input for that processing was received 
while the user was signed on. 

The first display the user sees when the work station is turned on is the Sign-On 
display. When the work station user enters a user 10, a valid password (if security is 
active). and presses the Enter key, the AS/400 Main Menu is displayed. The system 
does not require a password unless the security level is set in the system value at a 
value of 20 or higher. 

The work station user can then select options from this menu. When the user 
selects the sign-off option the interactive job ends and the Sign-On display appears 
again. Figure 10-4 on page 10-9 shows what happens when user SMITH types the 
user 10 and presses the Enter key. 
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Figure 10-4. Subsysfem Activity Leading Up to the Creation of a Job 

Batch Jobs 
Batch jobs are placed on a job queue to be started by a subsystem. Jobs can be 
placed on a job queue even if the subsystem that owns the job queue is not started. 
When the subsystem QBASE (or QBATCH, if QCTL is the controlling subsystem) is 
started, it processes the jobs on the queue in order according to their priority. The 
user can specify the maximum number of batch jobs that can be processed at the 
same time through a job queue by specifying the number of jobs in the job queue 
entry. 
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Not all jobs on a job queue are necessarily started when the subsystem is started; 
jobs can be held on a queue until the system operator releases them, the MAXJOBS 
(maximum jobs) value for the subsystem, MAXACT (maximum active) job queue is 
reached, or the maximum active for the priority level is reached. If the subsystem is 
ended before all the jobs are started, the jobs remain on the queue until the sub
system is started again or until another subsystem allocates the same job queue. 

Spooled Jobs 
Spooled jobs are taken from an input device, arranged by order of importance, and 
placed on a job queue. They are then started from the job queue. Spooling func
tions are available for both input and output. Spooling functions help system users 
to manage input and output operations more efficiently. The system supports both 
output spooling and input spooling. 

Output Spooling: Output spooling sends job output to a spooled file, rather than 
directly to a printer or diskette output device. Output spooling allows the job 
producing the output to continue processing independently of the speed or avail
ability of output devices. 

For output spooling, the system places output records produced by a program in a 
spooled output file and places the spooled file on an output queue. These files are 
later written to external devices (tapes, printers, or diskette) by system programs, 
called writers. A separate job description is used for each type of reader or writer, 
therefore, the system can uniquely handle different types of spooled processing. 

Spooling is especially important in a multiple-user environment where the number 
of jobs running often exceeds the number of available output devices. Using output 
spooling, the output can be easily redirected from one device to another. 

The main elements of output spooling are: 

Device description 	 A description of the printer or diskette unit 

Spooled output file 	 A file containing spooled output records that are to be 
produced on an output device 

Output queue 	 An ordered list of spooled output files 

Writer 	 An IBM-supplied program that takes spooled output files from 
an output queue and produces them on an output device 

Application program 	 A high-level language program that creates a spooled output 
file using a device file with the spooling attribute specified 

Device file 	 A description of the format of the output, and a list of attri
butes that describe how the system should process the 
spooled output file 

Figure 10-5 on page 10-11 shows the relationship of the output spool ing elements. 
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Figure 10-5. Relationship o( Output Spooling Elements 

Output spooling functions are performed by the OS/4oo program without requiring 
any special instructions from the program that produces the output. When a device 
file is opened by a program, the operating system determines whether the output is 
to be spooled. When a printer or diskette file specifying spooling is opened, the 
spooled file containing the output of the program is placed on the appropriate output 
queue in the system. 

A spooled file can be made available for printing when the printer file is opened, 
when the printer file is closed, or at the end of the job. A writer is started in the 
spooling subsystem to write the records to the printer. The spooled output is 
selected from an output queue. The same general description applie!> for spooled 
diskette files. 

Input Spooling Support Input spooling applies to diskette and database file input. 
Input spooling takes the information from the input device, prepares the job for 
scheduling, and places an entry in a job queue. Using input spooling, you can 
usually shorten job run time and increase the number of jobs that can be run 
sequentially while making the most efficient use of the device. For input spooling, a 
system program, called a reader, transfers jobs from an input device (work station, 
diskette, or database file) to a job queue. 
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The main elements of input spooling are: 

Job queue An ordered list of batch jobs submitted to the system for running and 
from which batch jobs are selected to run. 

Reader An IBM-supplied program that takes jobs from an input device or a 
database file and places them on a job queue. 

When a batch job is read from an input source by a reader, the commands in the 
input stream are stored in the system as requests for the job, the inline data is 
spooled as inline data files, and an entry for the job is placed on a job queue. The 
job information remains stored in the system where it was placed by the reader until 
the job entry is selected from the job queue for processing by a subsystem. 

Reader - Job Queue 

,---_J 

Inline Data 

File 


Subsystem 
Processing 
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Figure 10-6. Refationship of Input Spooling Elements 

Spooled jobs are supported in a manner similar to batch jobs. Figure 10-7 on 
page 10-13 shows the job queue entry that was added to the subsystem description 
and how the spooling subsystem QSPL operates. QSPL supports the processing of 
spooling readers and writers that transfer data from and to devices independently of 
the application program. 
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Figure 10-7. How the Job Queue Is Identified to the Spooling Subsystem 

In the illustration, the subsystem description of QSPL i ncl udes a job entry for the 
QSPL job queue in library QGPL. When the QSPL subsystem is started, it starts the 
jobs on the QGPUQSPL job queue until it is empty or the subsystem is ended. 

Figure 10-8 on page 10-14 shows an example of spooling. The user's program 
specifies that a line should be printed on printer PRTF3. Using the printer file 
description, the system checks whether spooling has been specified. Using the job 
description information, the system uses the output queue (OUTQ) specified in the 
user profile (*USRPRF). For this user, the output queue is OUTQ1. The file is placed 
in the spool database file in the library QSYS and a pointer to the file is appended to 
the output queue OUTQ1. (The placement in the queue renects the priority of the 
job. If no priority is specified then the file is printed in the order in which the 
request was received.) When the spool writer starts, it selects the first file in the 
queue and begins sending it to the printer. This continues until the queue is empty, 
until only files to be held remain, or until the writer is stopped. (Files can be held in 
the queue unti I the user decides to print them.) The system uses the device 
description of the printer to determine what codes to send for special characters, 
such as underlining, bold type, and so on. 
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Figure To-S. Example of Spooling 

Communications Jobs 
Communications jobs are started when a subsystem receives a program start 
request from a remote system. The requests are sent to the logical unit services 
(QLUS) system job which allocates devices for all communications jobs. 

Before a communications device can successfully process a program start request, 
the device must be allocated to a subsystem. Logical unit services (QLUS) is noti
fied when a communications device is available for starting jobs. This notification 
occurs when the link between the local and remote system is established for that 
device. When QLUS is notified, it attempts to allocate the communications device to 
a subsystem based on communications entry definitions. If there is no subsystem 
active that wants to use the device, QLUS maintains allocation of the device until the 
device is varied off. or a subsystem starts that wants to use the device. 

10-14 System Concepts 



IBM Confidential GC41-9802-00 

Prestart Jobs 
When a prestart job entry is added to the subsystem description, prestart jobs are 
started based on information contained in the prestart job entries. A prestart job 
runs under the user profile specified on the program-start-request when it is ser
vicing that request. If a user profile is not specified on a program start request, the 
default user profile specified on the communi cations entry is used as the program
start-request user profile. The prestart job function is available to all communi
cations protocols that support program-start-request (P8R) processing. 

When a request to start a program is received, the subsystem determines if the 
program name sent on the program start request matches the program name on one 
of the prestart job entries. If so, the request is attached to one of the prestart jobs. 

For example, a prestart job can initialize the environment where the application 
program is to be run. This includes running any programs or opening any files that 
are required in preparation for a request for the job from a remote user. Using a 
prestart job, a subsystem on the A8/400 host system in a finance enterprise can 
quickly respond to users' requests from the remote sites. The jobs are ready to be 
connected at the start of the subsystem as opposed to the more traditional approach 
where the job and application program initialization process occurs as the request 
is made. 

Job Descriptions 
Each job has a set of attributes. Different sets of attributes are needed for different 
jobs to meet the special requirements of each job. Because specifying all the attri 
butes each time a job is submitted would be tedious and time consuming, the 
08/400 program supports an object called a job description in which the attributes 
of a job can be predefined. The system is shipped with default job descriptions for 
batch, spooled, and interactive jobs. These attributes can be modified as pro
cessing needs change. The attributes specified in a job description include: 

• 	 The job queue on which the job should be placed when it is submitted (for batch 
and spooled jobs only) 

• 	 The scheduling priority to be used to select the job to be run from the job queue 
• 	 The user portion of the library list that is in effect when the job is started 
• 	 The routing data used by the subsystem to determine the correct routing entry 

for the job 
• 	 The output queue onto which spooled output should be placed. 
• 	 The output scheduling priority to be used for producing spooled output 
• 	 The user profile for the job 

For a job placed on a job queue, the job description is specified when the job is sub
mitted to the queue. The job attributes specified in the job description can be over
ridden when a job is submitted. For example, a different user library list might be 
specified. The user library list specified in the job description would then be 
ignored. 
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Job Classes 

Performance 

The conditions in which a job is run is specified through an object called a class, 
which contains the parameters for a routing step and further defines the environ
ment of the job. The class is specified in tile routing entry. The same class can be 
specified for any number of routing entries. The parameters that can be specified in 
a class include: 

• 	 The processing priority given to the routing step 
• 	 The time slice, or quantity of processor time, allowed for the routing step before 

other waiting routing steps are given the opportunity to run 
• 	 The maximum processor time allowed for the routing step 
• 	 The maximum time to wait when an instruction in the routing step must wait for 

some resource 

Most jobs consist of only one routing step, which is the one begun at the start of the 
job, and only one routing step is ever active at a time in any job. If a routing step 
environment is to be changed, a new routing step is started. This may change the 
program that controls the routing step, the storage pool in which the program runs, 
the class that describes the environment, or the subsystem in which the routing step 
runs. 

The system provides functions for collecting and reporting the current operating per
formance of the system. These reports can be collected regularly to produce a 
history of system performance. By monitoring system performance, changes can be 
made in work management tasks to accommodate the system work. For example, 
when a payroll program is processing payroll information to print checks, a typically 
resource intensive task, the system should not be used to save the complete system 
which requires numerous read and write operations between the main storage and 
auxiliary storage, tape, or diskette. 

Capacity planning: Capacity planning is available to predict your hardware config
uration for future data processing needs. It involves a review of current perfor
mance levels and an assessment of the future direction of the business to determine 
what additional hardware or programming changes should be made to improve per
formance or throughput with minimal cost, both in time and money. Issues to be 
considered include: 

• 	 Current performance does not meet objectives 
• 	 An increase in the number of transactions to be processed is expected 
• 	 A functional change in application programs is anticipated 
• 	 Another AS/400 system is being installed or added to the network of the existing 

system 

Performance analysis: System functions, called performance tools, are available to 
help the user analyze the system performance for the following areas of system and 
program performance: 

Tool 	 Tasks Analyzed 

Job trace Input/output operations, file use, transaction time. job now 

Program statistics Time spent in each high-level language instruction; modifi
cations could lead to improvement in the program's perfor
mance perhaps through changes in data types, algorithms, 
or arrays 
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File and access 

Disk activity 


Lock connicts 


Sharing of display and database files, arranging files by 
frequency of use, closing fi les when access is complete, 
freeing storage. This looks at all jobs, or a group of jobs, in 
the system at a given time. 

Balance the use and improve disk performance by distrib
uting heavily used files among disk storage units 

Requests for system-locking functions, used to ensure 
integrity, are made for the same record by different jobs 
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Chapter 11. System Management and System Recovery 

The AS/400 system is designed to help you manage one or more systems efficiently. 
Built into the system and its attached devices are functions that test, diagnose, and 
recover from errors on many of the devices and operations on the local system. If 
the system is part of a communic<'Itions network, it can also provide information to 
analyze and recover from network errors. The operating system provides the com
munications and programming support required to connect electronically to a 
service provider. This can be IBM, a service vendor, an employee, or department 
assigned to help with problems detected on the system. 

The SystemView' System Managementl400 licensed program is available to help 
control system management cost and complexity. It is most helpful in a network of 
several AS/400 systems. This set oftools is an implementation of the IBM 
SystemViewarchitecture. The system management tools available with the OS/400 
program also fit within the SystemView framework. 

In addition to the system providing comprehensive problem analysis and error 
recovery methods, the AS/400 system also provides several methods for protecting 
and recovering data in case of a system or disk failure. 

This chapter briefly discusses the topics listed in the following table. If you would 
like more information on the topic, and there is more information available in an 
IBM manual, the manual listed in the right column is a good first reference. 

Topics 


AS/400 system manage

ment 


SystemView concepts 


OS/400 system manage

ment to SystemView disci

plines 


Business management 


Change management 


Configuration management 

Operations management 


Performance management 


Problem management 


System recovery support 


First Reference 

System Operations: Operators Guide, SC41-S0S2 

SystemView Concepts on the ASI400 System, GA21-9607 

Systems Management: Systems Application Architecture 
SystemView System Managerl400 User's Guide, SC41-S201 

System Operations: Operators Guide, SC41-S0S2 

Systems Management; Systems Application Architecture 
SystemView System Managerl400 Users Guide, SC41-S201 

System Operations: Operator's Guide, SC41-S0S2 

Programming: Work Management Guide, SC41-S07S 

System Operations: Operator's Guide, SC41-S0S2 

Programming: Backup and Recovery Guide, SC41-S079 

The SystemView Program and the AS/400 System 
The SystemView program defines six systems management tasks necessary to 
support a business establishment information processing environment. The 
systems management functions to support these tasks can be integrated into the 
system's operating system or be part of a licensed or software vendor program. 
Each task is called a discipline, and the SystemView application dimension defines 
the disciplines as follows: 
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Business Management 
This discipline addresses the activities involved in the effective and efficient 
management of the business aspects of an information system environment, 
such as inventory control, usage of and access to information system 
resources, financial management of the system, business planning, and 
process management services. 

Change Management 
This discipline controls the introduction of change into an information system 
environment. The goals of change management are to minimize the affect of 
the change, reduce the skill level needed to manage the change, and reduce 
the change process to a series of small repeatable steps that can be auto
mated. The change management discipline addresses initiation, planning, 
assessment and approval, scheduling, distribution, synchronization, installa
tion, activation, monitoring, and subsequent analysis of changes made to an 
information system. 

Configuration Management 
This discipline controls how you plan, develop, and maintain the way the 
resources of an information system relate to each other. The configuration 
management discipline addresses configuration design, environmental plan
ning, and updating and accessing configuration information. 

Operations Management 
This discipline controls how you plan for, evaluate, and support the work load 
placed on an information system. The operations management discipline 
addresses work load planning, operations structure definition, work control, 
operational control, and work and operational processing. 

Performance Management 
This discipline defines how you plan, evaluate, and control the delivery of an 
information system's services to its users. The performance management dis
cipline addresses performance measurement and data collection, capacity 
planning, performance policy definition, and performance processing and 
control. 

Problem Management 
This discipline controls how you detect, analyze, recover from, resolve, and 
track problems that occur in an information system. The problem management 
discipline addresses policy planning and definition, process planning and 
tracking, incident detection and recognition, incident notification logging and 
filtering, problem correlation and determination, problem analysis and diag
nosis, problem bypass and recovery, problem assignment, problem fix deter
mination, problem escalation, and problem resolution and verification. 

Three integrated licensed programs for the AS/400 system support the SystemView 
strategy and provide functions necessary for managing information systems. These 
licensed programs are: 

• Operating System/400 program 
• AS/400 Performance Tools program 
• SystemView System Management/400 program 

Figure 11-1 on page 11-3 shows how the OS/400 program, the Performance Tools, 
and the SystemView System Management/400 licensed programs are packaged 
across the disciplines in the application dimension of the SystemView structure. 
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Figure 11-1. ASI400 Packaging across SystemView Disciplines 

The OS/400 licensed program provides systems management functions across all 
the disciplines in the application dimension of the SystemView structure. The 
SystemView System Management/400 and the Performance Tools licensed pro
grams provide additional support for the problem management, change manage
ment, and performance management functions available with an AS/400 system. 

The systems management functions integrated into the OS/400 licensed program 
allow you to manage a single AS/400 system, as well as allow another system to 
manage the AS/400 system. 

The SystemView System ManagemenV400 licensed program allows customers and 
business partners with multiple AS/400 systems to manage those systems from an 
AS/400 system at a central site, or from an intermediate managing system when 
included in a System/370· host or System/390· host environment. 

The AS/400 Performance Tools licensed program provides tools to help you with 
performance analysis and capacity planning that enhance the performance functions 
provided by the OS/4oo licensed program. 

SystemView Concepts 
The AS/400 systems management functions that comply with the SystemView 
strategy are designed to adhere to the basic SystemView objectives: 

• Integration of systems management applications 
• Automation of systems management tasks 
• Creation of an open structure 
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Integrated Function 
Many of the systems management functions avai lable for the AS/400 system are 
fully integrated into the OS/400 licensed program. The integrated OS/400 process 
managers are designed to allow the management of the stand-alone AS/400 system, 
or allow the AS/400 system to be managed by another system. such as an AS/400 
system or a System/370 or System/390 as shown in Figme 11-2. 

IBM Support 

Syslem/370 
System/390 

AS1400AS/400 RV2W4S0·0 

Figure 11-2. A Simple ASI400-SystemI370 or Systeml390 Network 

Both function and data are easily shared across the disciplines of the application 
dimension of the SystemView structure. 

For example, the problem management functions use the resource manager to 
collect the vital product data for failing resources on the system and for verifying 
system and device configurations. Alert support can be set up so that problem 
information is recorded for tracking or reporting from either an AS/400 system or a 
System/370 or System/390 host. Work station pass-through or the distributed host 
command facility (DHCF) can be used to sign on to another AS/400 system and 
perform problem management operations. 

The electronic customer support functions provide integrated support across both 
the problem and change management disciplines. The problem log provides data 
for service requests and also records information about program temporary fix 
(PTF) orders. OS/400 distributed systems node executive (DSNX). SNA distribution 
services (SNADS), and object distribution can be used to distribute PTFs received by 
way of the electronic customer support link to IBM service support. 

The electronic customer support link also provides access to IBMLink, which pro
vides information about IBM products, announcements, publications, status of hard
ware orders, and other technical information. 

The SystemView System Managementl400 licensed program works with the OS/400 
systems management functions to provide enhanced problem and change manage
ment. The SystemView System Managementl400 user interface is consistent with 
the OS/400 user interface so that t~aining time is limited to learning the enhanced 
function.' 
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Electronic customer support functions are centralized on an AS/400 system with the 
SystemView System Managementl400 installed. This AS/400 system can receive 
and answer service requests and PTF orders from other AS/400 systems in a 
network envi ronment. 

Resource, configuration, and contact information from other AS/400 systems in the 
network is shared when analyzing and reporting problems from the AS/400 system 
with the SystemView System Managementl400 installed. 

The Performance Tools licensed program provides a command interface consistent 
with the performance monitor functions provided by the OS/400 licensed program. 
The Performance Tools uses data gathered by the performance monitor functions to 
allow enhanced performance reporting and to support capacity planning. 

Automated Function 
Many of the integrated systems management functions available on the AS/400 
system are automated as well. Much of the information required for systems man
agement tasks is collected by the AS/400 system itself, eliminating the need to man
ually enter resource, product, configuration, and performance information. 

When the AS/400 system acts as a managed system, the OS/4oo licensed program 
provides automatic configuration, problem detection, analysis and logging, alert 
generation, and service requisition. 

When the AS/400 system is the managing system in a network like the one shown in 
Figure 11-3, the OS/4oo problem and change management functions are enhanced 
and centralized by using the AS/400 SystemView System ManagemenV400 licensed 
program. 

IBM Support 

AS/400 

AS/400 Service 

AS/400 AS/400 RV2W451'O 

Figure 11-3. A Simple AS/400 Network 

When you install the SystemView System Managementl400 program on a managing 
AS/400 system, you designate that system as a service provider for remote systems 
in the network. The remote systems that are managed by the AS/400 service pro
vider are called service requesters. 
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For example, from a central site AS/400 system designated as a service provider, 
problem analysis can be easily initiated on Cl remote service requester with a 
problem; routing and pass-through are done automatically. This provides the 
central site operator with a single system image of all the remote AS/400 systems in 
the network. Remote operations are transparent to the operator or end user. 

PTFs are ordered by the AS/400 service provider from IBM service support to 
provide problem resolution and system maintenance. PTF information, identifying 
the PTFs and the problem symptoms they resolve, is recorded automatically when 
the PTFs are received by the service provider over the electronic customer support 
link. The PTFs are then stored on the AS/400 service provider as save files and can 
be automatically distributed in response to a service request or PTF order from a 
remote system. 

Open Structure 
The OS/400 licensed program provides many application program interfaces that 
allow you to access and use system management information. Through the use of 
these interfaces, system management personnel can produce reports to be used for 
analysis and future planning. 

For example, using the performance monitor commands available with the OS/400 
licensed program, you can collect system performance information and then print a 
report that you can use to analyze your system's performance. Using the OS/400 
problem log commands with the outfile parameter and the SystemView System 
Managementl400 licensed program, you can produce reports from the output file 
data showing problems occurring on one or more systems in the network. You can 
also use the data collected in the output files as input for the AS/400 Query licensed 
program to produce tailored reports to meet the needs of your business environ
ment. 

Mapping AS/400 System Management to SystemView Disciplines 
The following section describes the system management functions available on the 
AS/400 system, and shows how and where they fit into the SystemView application 
dimension structure. 

Figure 11-4 shows the six SystemView disciplines with a list of the corresponding 
AS/400 functions for each discipline. The OS/4oo functions are listed separately 
from the other licensed program functions so that you can get a clear picture of the 
integration across AS/400 systems management functions. 

Figure 11-4. ASI400 SystemView Functions by Discipline 

Business Management 
In the SystemView structure, business management refers to the activities involved 
in the effective and efficient management of the business aspects of a business's 
information systems. The OS/400 program provides sev~ral integrated business 
management functions. 

The OS/400 licensed program identifies and manages system resources. The 
resource information stored in the AS/400 system contains both the resource 
description and its location.' This information is valuable for both you and IBM. It is 
used by problem change and configuration management functions, as well as for 
order processing support for upgrading your system hardware. Through the 
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IBMLink interface, the resource and configuration information is transmitted to the 
IBM order processing systems and is used to automate the upgrade order process. 

IBMLink can be accessed from any AS/400 work station. This provides a direct link 
between you or the business partner and IBM information. The IBMLink interface 
also gives you or the business partner access to a question and answer (Q & A) 
database, which is maintained by IBM technical support and marketing personnel. 
Through the use of the AS/400 local question and answer function, electronic cus
tomer support, and IBMLink, a wide range of AS/400 information is available to 
assist you with your systems management tasks. 

The IBMLink interface also provides two-way file and message transfer capability 
using the IBM internal network functions. 

AS/400 

System 


Customer 

IBM Supplied 

Central Site 
or Application 
Supplied 

OM 
Database 

IBM 
Support 

Technical 
Information 
Exchange 

Product 
Information 

O&A 

File 
Routing 

Market 
Support 
Application 

Network DatabaseCentral Site 
RV2W479-0 

Figure 11-5. Technical Support and Information Access Functions 

IBM Product Information: IBM product information provides access to marketing 
information, such as system library subscription service (SlSS) lists and announce
ment letters. IBM product information and technical information exchange (TIE) 
work together to provide a set of technical support functions and information for you .. 
IBM product information provides access to marketing information available on the 
marketing support network. You can either display or print the information. 
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Technical Information Exchange (TIE): The technical information exchange (TIE) 
function is an asynchronous file transfer function used to exchange files between 
your system and the IBM marketing support system. TIE connects the local system 
to the IBM marketing support network and transfers files to the AS/400 system from 
the marketing support system and from the AS/400 system to the marketing support 
system using the information exchange send and receive operations. TIE provides 
the required network sign-on support to IBM or other TIE systems in the network. 

Change Management 
In the SystemView structure, change management refers to the control of changes 
introduced into an information system's environment. System changes can be as 
small as program temporary fixes (PTFs) necessary to resolve a system code 
problem, or as large as upgrading the entire operating system. The AS/400 system 
provides both integrated and automated change management support through the 
OS/4oo licensed program and the SystemView System ManagemenU400 licensed 
program. 

Through the use of the electronic customer support available with the OS/400 
licensed program, the AS/400 system can manage changes in a single system envi
ronment or have changes managed from another AS/400 system in a network or a 
System/370 or System/390 host system. 

In the AS/400 single system environment, electronic customer support is used to 
send requests for service or PTF orders directly to IBM service support. 

When hardware is required to answer a service request, IBM can send a service 
representative with the required replacement part. Through the service represen
tative or a technical support representative, you can order larger system changes, 
such as application programs or system upgrades that you can then install through 
the use of system-supplied menus. 

When PTFs are required for corrective maintenance to answer a service request or 
PTF order, IBM sends the necessary PTFs electronically, or by mail if the order is 
large. For preventive maintenance on the AS/400 system, cumUlative PTF packages 
can be ordered electronically using the electronic customer support connection. 
These packages are mailed to you on a tape. 

When the AS/400 system is in an environment managed by a System/370 or 
System/390 host, the single system change management functions are enhanced by 
the OS/4oo distributed systems node executive (DSNX) that works in conjunction 
with the System/370 or System/390 NetView· Distribution Manager (NetView DM) 
licensed program. The NetView OM licensed program allows the System/370 or 
System/390 host to send, retrieve, and delete files, programs, formats, and proce
dures in a network. OS/4oo DSNX allows the AS/400 system to be a part of the 
NetView OM network. You can use DSNX support to distribute files and job streams 
in the System/370 or System/390 network, as well as for central site programming, 
maintenance, and distribution of AS/400 objects. 

OS/4oo OSNX support allows the AS/40Q system to act as a direct node to the 
System/370 or System/390 host system or as an intermediate node (or nested focal 
point) between the host system and other AS/400 systems, personal computers, and 
the System/3S. The AS/400 system, acting as an intermediate node, can distribute 
objects and respond to or pass on host requests to these other systems. In this way 
changes necessary for the AS/400 systems or personal computers are planned and 
controlled by the operator at the System/370 or System/390 host system and very 
little intervention is required at the AS/400 systems. 
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When used with the AS/400 PC Support licensed program, DSNX allows distributions 
to be sent to personal computers by way of an AS/400 intermediate node using 
PC/DSNX support or the shared folder functions. The shared folder functions allow 
a personal computer running OS/2* or DOS to designate a shared folder on the 
AS/400 system as a disk drive. Using a transfer function, one personal computer 
can upload a file to the shared folder. The other personal computers in the network 
can then use the same transfer function to download the file. 

Both distributions to AS/400 systems and to personal computers are done through 
the use of Systems Network Architecture distribution services (SNADS) and object 
distribution. 

If your network is managed by an AS/400 system, the use of the AS/400 SystemView 
System ManagemenU400 licensed program can simplify and enhance PTF manage
ment and distribution. When installed on an AS/400 system designated as a service 
provider, the SystemView System Management/400 licensed program helps you 
create a central database of PTF information based on licensed programs that are 
installed or supported. Using the electronic customer support service request and 
PTF ordering capability, the remote AS/400 systems in a network can request PTFs 
for corrective maintenance from the managing AS/400 system. The managing 
AS/400 system, called a service provider, can then distribute the PTFs automatically 
or with manual control when the PTF save files are stored and available on the 
system. 

The remote systems in the network can also order the cumulative PTF package for 
preventive maintenance from the AS/400 service provider. When this type of PTF 
order is received, the service provider forwards the order with the contact informa
tion from the remote system to IBM service support. The cumulative PTF tape is 
then sent to the location of the remote system. 

A service provider can order PTFs from IBM either individually or by group based 
on an associated licensed program. When PTFs are ordered, necessary requisite 
PTFs are determined for you and returned with the PTF order. This simplifies the 
PTF ordering process by eliminating the need to know individual PTF numbers. 

When the PTFs are received by the AS/400 service provider, they can be held for 
testing, or they can be immediately released for distribution in response to requests 
from remote AS/400 systems in the network. 

The status of PTFs on the service provider is recorded in the PTF database so that 
PTF save files on the system can be tracked and managed. When a request for 
PTFs is received, it is logged in the service provider problem log. From a problem 
log record, you can display the numbers and cover letters of the PTFs that were sent 
in response to the service request or PTF order. The problem log can also be selec
tively displayed to show only problems and requests received from remote systems. 
This allows you to centrally track and manage changes made to the remote systems 
in the network. 

Configuration Management 
In the SystemView structure, configuration management refers to the planning, 
developing and maintaining of information system resources and their relationships. 
The AS/400 system provides configuration support through integrated and auto
mated functions available with the OS/400 licensed program. 

OS/400 resource and configuration management provides a system resource 
manager component that is the interface to a system resource database. The 
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resource database is a record of the AS/400 system's hardware and software vital 
product data and configuration information. Vital product data is collected from 
attached hardware during each initial program load (IPl) or when resources are 
added after an IPl (when the device is powered on). A software installation 
manager collects and records software vital product data and configuration informa
tion when program products or components are added or changed. The information 
in this database is made available for use by applications, problem analysis proce
dures, and other operating system functions through the use of application program 
interfaces. 

The configuration manager component provides an interface to create, change, or 
delete configuration objects automatically or under user control. These objects are 
used by programs to access and use hardware resources, such as display stations, 
communications lines, tape units, and diskette units. Creation of configuration 
objects for directly attached resources is controlled by an automatic configuration 
option. If the automatic configuration IPL option is set to YES, configuration objects 
are automatically created for all locally attached devices when they are installed 
and powered on. If automatic configuration is set to NO, you create the configura
tion objects using menus or commands. Default values are provided with the 
OS/400 licensed program to minimize the amount of data that you must type. All 
local and local area network (LAN) attached device configurations can be created 
automatically. To configure remote devices, you use the system-supplied menu or 
command interface. 

The software vital product data and configuration information is used by the soft
ware installation manager component to correctly install and maintain all licensed 
programs and licensed internal code groups. 

Hardware and software resource information and configuration descriptions are 
stored on the AS/400 system and are available for use by customer programmers 
and software vendors in their application programs. 

Operations Management 
In the SystemView structure, operations management refers to work load planning, 
evaluation, and support for a business establishment's information systems. The 
OS/4oo licensed program provides functions for both local and remote operations 
management tasks. An easy-ta-use interface called the OS/400 Operational 
Assistant is also available to simplify and automate many operational tasks. 

local operations management is provided by the OS/4OO licensed program through 
the use of system-supplied menus and commands. Through the menu interface, you 
can control spooling, storage utilization, system security, and batch and interactive 
jobs. Control language (Cl) commands are also available for programmers and 
software vendors to write applications to customize these operations for different 
business environments. 

The OS/400 Operational Assistant provides a more simplified set of operations man
agement menus. Functions like printing, file reorganization, storage management 
and security management are further automated to make these functiollS easier to 
use and more transparent to you. 

If the AS/400 system is in a host ..conlrolled network environment, remote operalior.s 
functions are available through the use of remote commands. Using NelView DM 
and OS/400 DSNX, the System!370 or System/390 can submit rerr'Jte cornr:ands 10 
start and end jobs on the AS/400 system, power on and power down the AS/ilOG 
system, and perform a remote IPL on an AS/400 system. 
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The PC Support licensed program also works with OS/400 DSNX to allow you to 
perform AS/400 system operations management from a personal computer in an 
AS/400 environment. Using DSNX, information is passed as files to and from the 
AS/400 system. 

Another OS/400 function that can assist with remote operations in the System/370 or 
System/390 environment is the distributed host command facility (DHCF). Using 
HCF/OHCF at the System/370 or System/390 host system, you can sign on to a 
remote AS/400 system with a 3270 display station which emulates the AS/400 5250 
display station. You are directly signed on to the AS/400 system and can perform 
operations tasks as if signed on to a display station at the remote site. 

Performance Management 
In the SystemView structure, performance management refers to the planning, eval
uating, and controlling the delivery of an information system's services to its users. 
Performance management support for the AS/400 system is provided through a 
combination of the OS/400 licensed program and the AS/400 Performance Tools 
licensed program. 

The AS/400 Performance Tools licensed program, along with the function provided 
by the OS/400 licensed program, provides an integrated set of functions to measure 
and report system performance data at various levels of detail. These functions 
assist you with system tuning, workload scheduling, application tuning, capacity 
planning, and system sizing on the AS/400 system. 

Using the performance functions, you can collect and report performance data for 
system components that affect performance including throughput and response time 
data. The OS/400 licensed program also provides commands that allow you to 
collect performance data at remote AS/400 systems in a network. The data can then 
be displayed and printed in graph or table formats. 

The function provided by the Performance Tools licensed program and the OS/400 
operating system is available through system commands. These commands allow 
you to write tailored applications to measure and report system performance data. 
Externally described performance data files allow you to query the data using the 
AS/400 Query functions or access it through your own applications. 

When you regularly collect, print, and analyze system performance information, you 
create a performance history you can use for long-term performance analysis and 
system capacity planning. This allows you to predict the way the system behaves 
when changes are introduced to the system environment and helps you to establish 
performance objectives, such as: 

• Throughput and response times for batch and interactive jobs 
• System resource utilization 

Once you have set your performance objectives, you can use the Performance Tools 
licensed program to identify the processing limits of your system and predict the 
hardware configurations necessary for future data processing requirements. This 
helps you plan ahead for the information system needs of your business environ
ment. 

The AS/400 Performance Tools licensed program also provides tools to help you 
tune your AS/400 system for optimum efficiency of jobs and programs. This helps 
you plan your work load management strategy for system resources. 
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You can also create performance graphs and historical graphs using the Perfor
mance Tools licensed program. A performance graph uses the performance data 
collected from a single run of the performance monitor. Performance graphs are 
useful for singling out jobs that are performing poorly, or for evaluating the activities 
performed by a single user or a class of users on the system during a specified time 
period. 

Historical graphs use performance data collected from several runs of the perfor
mance monitor. Historical data is the summary of this performance data. These 
graphs are used to show how the performance of a system has changed over time. 

Problem Management 
In the SystemView structure, problem management refers to the detection, analysis, 
recovery, resolution, and tracking of information system problems. The AS/400 
system provides integrated problem management functions in both the OS/4oo 
licensed program and the AS/400 SystemView System ManagemenU400 licensed 
program. 

The OS/400 licensed program provides problem management support for both 
system-detected and user-detected system problems occurring on an AS/400 
system. OS/4oo problem management functions include: 

• Automatic alerting for system-detected problems 
• Alert management focal point capability 
• Integrated problem analysis procedures 
• Automated problem logging and tracking 
• Problem log management 
• Electronic customer support service requisition 
• Electronic customer support PTF requisition 
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Figure 11-6. Problem Management Functions 

When a problem occurs on an AS/400 system, an alert is created and logged. The 
alert includes vital product data and configuration information about the resource, 
the reference code, and other available information about the failing resource. 
When the alert is created, an error log entry is also created and a system message 
is sent to you. 

From this message, problem analysis can be started and the results stored in the 
system's problem log. The problem record can then be sent as an electronic 
service request to IBM service support. 

Electronic customer support helps automate the problem management functions. 
For example, when a service request is received at IBM service support and the 
problem requires hardware service, a service representative is automatically sent 
to the location where the problem occurred. 

When PTFs are required to resolve a system problem, they can be delivered elec
tronically to the system with the problem. This allows you and IBM to resolve prob
lems quickly and accurately with minimum intervention. 

The problem log and problem manager provide the means for tracking both 
system-detected and user-detected problems. Problem status assists you with 
tracking by indicating the state of a problem from detected (OPENED) to resolved 
(CLOSED). other information in a problem record may include alert information 
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when available, vital product data, contact information, status, analysis results, 
problem history, and the numbers of any PTFs that exist to correct the problem. You 
can also add your own notes about a system problem to the problem record. All this 
information is sent to I BM service support when you send a service request. 

The alert and alert management capabilities extend AS/400 problem management 
support to include problems occurring on other AS/400 systems in a network envi
ronment. Using the alert focal point support, you can have remote AS/400 systems 
send alerts to an AS/400 alert focal point where the alert is logged and a message 
sent to you. Problem analysis can then be performed on the remote system using 
remote work station support or display station pass-through. Results are recorded 
in the remote system's problem log and a user at the remote system can then send 
a service request to IBM service support for problem resolution. 

The AS/400 alert support is also compatible with the alert support provided for the 
System/370 or System/390 through the NetView licensed program. This allows the 
host system operator to track problems occurring on AS/400 systems in the network. 
When alert support is combined with electronic customer support and the DSNX 
change management functions, problem and change management for an AS/400 
network from a System/370 or System/390 host system is simplified. 

When you install the AS/400 SystemView System Managementl400 licensed 
program on a managing AS/400 system in a network, the AS/400 system becomes a 
service provider for other AS/400 systems in the network. The service provider 
becomes a central tracking point for AS/400 problems in the network. The central 
site AS/400 system can receive and process alerts, service requests, and PTF 
orders from other AS/400 systems in the network. Each time an alert, service 
request, or PTF order is received a problem log record is created and a message is 
sent to the network operator. From the message, the operator can initiate and run 
remote problem analysis without concern for routing or pass-through procedures. 

When the analysis is complete, the results are recorded in the problem logs of both 
the remote AS/400 system and the central site service provider. If the solution for 
the problem is a PTF and the PTF is available on the service provider, it can be 
automatically distributed to the remote AS/400 system with the problem. 

If the PTF is not available on the service provider or the problem requires a hard
ware replacement part, the problem record can be sent in a service request to IBM 
service support. The contact information in the service request directs the IBM 
service representative to the correct location. 

Solutions for the problem. such as PTF numbers and hardware part numbers, are 
also recorded in the service provider problem log. The problem history records the 
date and time that operations were performed for a problem and the user ID of the 
person who performed the operation. This makes the problem log on the central 
site service provider a complete record of problems occurring in the network that 
can be used for tracking and creating reports about system status in a network envi
ronment. 

Copy Screen Image: The copy screen image operation, which is part of the system 
service support, allows a user at one work station to see the same displays being 
viewed by a second user at another work station. Through commands or menus. the 
first user specifies that screen images on a specific work station are to be copied to 
some other work station. Screen images can also be copied to a database file at the 
same time they are copied to another work station. This allows users to process 
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this data later and prepares an audit trail for the operations that occur during the 
transaction. 

The copy screen image function provides additional capabilities for you to debug 
application programs. An industry remarketer (IR) or business partner can similarly 
use this function. For example, copy screen image also enables support personnel 
to directly participate in problem analysis on your system as part of the service 
support. 

Service Tools: Service tools are called from the system menus, through the system 
service tools (SST) option, the dedicated service tools (OST) option, or by control 
language commands. SST and DST allow you and service personnel to analyze 
problems in a nonstructural (freelance) manner. SST runs one or more licensed 
internal code or hardware functions under the control of the operating system. SST 
lets you perform service functions at the same time the application programs are 
running. OST is used to solve problems occurring in the licensed internal code and 
to work with disk configurations. The system cannot be doing other work when the 
OST is running. 

Recovery Support 
For most companies, the time their computer system is not available is very expen
sive. The cost of this time in lost revenue and in reduced service to customers, 
company personnel, and management usually exceeds the cost of running the busi
ness applications. 

The AS/400 system provides several methods for protecting the system programs, 
application programs, and data from being permanently destroyed. Depending on 
the type of failure and the level of protection you choose, most of the programs and 
data can be protected, and the recovery time can be significantly reduced. 

The loss of the site can be caused by fire, flood, explosion, or sabotage. Though the 
probability of such disasters is remote, preparation for the recovery from these 
events must be considered. 

The loss of the system programs or data can be caused by a disk device failure or a 
system program error. When these failures occur, you must be in a position to 
install the entire system programs again, including the operating system, all the 
application programs, and data. 

The most common type of loss is the loss of an object or group of objects. An object 
can be lost or damaged due to several factors, including power failure, hardware 
failures, system program errors, application program errors, or operator errors. For 
example, if an operator selects the wrong tape, incorrect data can be loaded and 
cause out-of-date databases. 

To protect the system from loss because of power failure, power interruptions, or 
drops in voltage, an uninterruptible power supply that can be ordered separately 
can supply power to the system devices until power can be restored. Normally, an 
uninterruptible power supply does not provide power to all work stations. With the 
AS/400 system, the uninterruptible power supply: 

• 	 Continues operations during brief power interruptions or momentary drops in 
voltage 
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• 	 Allows the system to end operations normally by closing files and maintaining 
object integrity. 

Save and Restore Processing 
Saving and restoring data and programs allows recovery from a program or system 
failure, exchange of information between systems, or storage of objects or data 
omine. Saving the system on external media is also the only method available to 
protect the system programs and data from disasters, such as fire or flood. The 
saving and restoring also allow objects from a current release to be restored to a 
previous release via tape or diskette. This is particularly beneficial to sites with 
many systems. The central site can install and test the new release while the other 
systems in the network are still functioning with the previous release level. The 
other systems can install the new release at their convenience. 

When information is saved, a copy of the information is written onto one or more 
diskettes, reels of magnetic tape, tape cartridges, or to a disk file called a save file. 
A save file is a disk-resident file used to store data until it is used in input and 
output operations or for transmission to another AS/400 system over communication 
lines. Using a save file allows unattended save operations because an operator 
does not need to load diskettes or tapes. 

When information is restored, the information is written from diskette, tape, or a 
save file into auxiliary storage where it can be accessed by system llsers. 

Journal Management 
Journal management can be used as a part of the backup and recovery strategy for 
database files and access paths. Journaling must be started and stopped by you. 

When changes are made to the database, the changes are recorded in an object, 
called a journal receiver, before the changes are written to the journal or made to 
the database. The journal receiver always has the latest database information. All 
activity is recorded for a physical file regardless of how the change was made. 

Journal receiver entries record activity for a specific record (added, changed, or 
deleted), and for a file (opened, file or member saved, and so on). Each entry 
includes additional control information identifying the source of the activity, the 
user, job, program, time, and date. 

The system records some file-level changes, including moving a file and renaming a 
fite. The system also records member-level changes, such as initializing a physical 
file member, and system-level changes, such as initial program load (IPl). You can 
add entries to a journal receiver to identify significant events (such as the check
point at which information about the status of the job and the system can be 
recorded so that the job step can be restarted later) or to help in the recovery of 
application programs. 

An access path describes the order in which records are read from a database file. 
When access paths are recorded in the journal, the system can recover the access 
path and avoid spending a significant amount of time rebuilding access paths during 
the IPl following an abnormal system end. 
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Commitment Control 
Commitment control is an extension of the journal management function on the 
AS/400 system, and must also be started by you. The system can identify and 
process several changes to database files as a single transaction. When the system 
or a job ends abnormally, journaling alone ensures that no more than the changes 
to the last record are lost by synchronizing database files with the journal. Because 
programs can make multiple changes to files in one transaction, the journal alone 
may renect only a partially completed transaction. 

With commitment control started, the system ensures that: 

• All changes within a transaction are completed for all files affected 
• All changes within a transaction are rolled back if processing is interrupted 
• Changes are not saved if you cancel the transaction 
• An application can be started again if a job or system fails 

The commit and rollback operations are available in several AS/400 programming 
languages including COBOL, PUI, Control Language (CL) and Structured Query Lan
guage (SQL). 

Data Recovery after Disk Failures 
Disk recovery is the process of recovering from the loss of data because offailures 
or damage of the storage media contained within the disk units. In addition to the 
regular backup procedures, there are several OS/400 functions that protect the 
current data that has not been copied to external media by a save procedure. 

If all objects are not saved on external media immediately before a failure, recovery 
is not possible for recently entered data. Therefore, once the previously saved 
objects are restored, the system is operational, but the database is not current. 

Even if journaling of database files is active, the journal receiver that contains the 
recently entered transactions is not available if it was stored on the disk that failed. 
Alternative methods are available to recover recently entered data by using the fol
lowing disk recovery tools: 

• Auxiliary storage pools (ASP) 
• Checksum protection 

Auxiliary Storage Pools (ASPs) 
An auxiliary storage pool (ASP) is one or more physical disk units assigned to the 
same storage area. ASPs allow you to control where certain types of objects are 
stored on auxiliary storage devices, thus allowing certain objects to be isolated on 
specified physical disk units. System ASPs isolate the system programs and the 
temporary objects that are created as a result of the processing by system pro
grams. User ASPs can be used to isolate journals, journal receivers, and save files 
rrom the system ASP. 
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Figure //-7. Auxixary Storage Pools 

In addition to this recovery advantage, placing objects in an ASP can improve per
formance. If a journal receiver is isolated in a user ASP, the disks associated with 
that ASP are dedicated to that receiver. In a programming environment that 
requires many read and write operations to the database files, this can reduce arm 
contention on the disks in that ASP, and can improve journaling performance. 

Checksum Protection 
Checksum protection saves a coded copy of the system ASP in another disk unit that 
is configured as part of the system ASP. When checksum protection is configured, 
the system automatically groups the storage units in the system ASP into checksum 
sets. Space equivalent to approximately one disk unit in each set is used to store 
checksum data that provides protection for the data stored on the other units in the 
set. If the system fails or if a disk is damaged, the system recovers the data when 
the failure is corrected. Because starting checksum protection is a dedicated func
tion that requires exclusive use of system resources, checksum protection should be 
initiated when the system is installed. 
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Figure 11-8. Checksum Protection 

Checksum protection does not prevent the system from ending abnormally. When a 
disk unit fails, the system stops immediately regardless of whether checksum pro
tection is active or not. Rather, its advantage is that it avoids reinstalling the total 
system if the system data is lost and the failed unit must be replaced. 

The system actually sets aside a portion of the system ASP on a separate disk unit 
for checksum protection. Any changes made to permanent objects (residing in the 
system ASP) are automatically updated and maintained in the checksum set. If any 
single disk unit in a checksum set is lost, the system reconstructs the contents ofthe 
lost device. Checksum protection takes the data residing on several disk units and 
combines the data onto one other unit. In this way, if anyone of the units fails, its 
contents may be recovered by recombining the data on the remaining units. The 
reconstructed data reflects the most up-to-date information that was on the disk at 
the time of the failure. 

Some objects are damaged because of slight imperfections on a disk surface. If this 
occurs to objects in the system ASP when checksum protection is in effect, the data 
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is automatically re-created. This avoids having the system mark the object as 
damaged. 

Checksum protection should not be used as a replacement for system backup proce
dures. Although checksum protection can fully recover from most disk drive fail
ures, there are situations where checksum protection is not be able to recover some 
or all of the data. For example, if more than one disk unit within the same checksum 
set fails and the data is lost, checksum protection is not be able to reconstruct any 
of the data. Even though the occurrence of such a double failure may be rare, 
checksum protection is not to be used as a substitute for saving the entire system on 
a regular basis. 

+ Mirrored Protection 
+ Mirrored protection is a funetkm that increases the availability of the AS/400 system 
+ in the event of a failure of a disk-related hardware component. It can be used on 
+ any model of the AS/400 system and is a part of the licensed internal code. Dif
+ ferent levels of mirrored protection are possible, depending on what hardware is 
+ duplicated. The system remains available during a failure of a disk-related hard
+ ware component such as a disk unit, a disk controller, a disk I/O processor, or a 
+ bus, if the failing hardware component and hardware components attached to it are 
+ duplicated. For the 9406 system unit, some failed hardware components can be ser
+ viced while the system remains available. 

+ Figure 11-9 represents a system that has mirrored protection with a disk unit type 
+ 9335 and one I/O processor. All disk units on the system have disk unit-level pro
+ tection. The disk units in an ASP are automatically paired by the system when mir
+ rored protection is started. The system pairs the disk units to provide the maximum 
+ level of protection for the current hardware configuration. Because all disk units 
+ have disk unit-level protection, the system is protected against the failure of a single 
+ disk unit. However, if a controller, 110 processor, or bus failure occurs, the system 
+ cannot run until the failing part is repaired or replaced. 

+ 
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+ Figure 11-9. Mirrored Protection 
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Chapter 12. Application Design 

An appl ication program is a program or group of programs that assist the user in 
performing business tasks. Primary considerations in developing an application are 
to: 

• 	 Understand the task to be accomplished 

• 	 Analyze the problem to develop the simplest logical process that leads to a sol
ution 

• 	 Create the programs and define the objects (for example, database files and 
output queues) that will direct the system to follow the process 

+ 	 This chapter briefly discusses the topics listed in the following table. If you would 
+ 	 like more information on the topic, and there is more information available in an 
+ 	 IBM manual, the manual listed in the right column is a good first reference. 

+ 	 Topics 

+ 	 Definition of the applica

+ 	 tion 

+ 	 • User interrace guide

+ lines 

+ • Application environ

+ ment 
+ • System resources 

+ 	 Requirements 
+ 	 Design 

+ • Input and output 
+ • Structure 
+ • User and interpro
+ gram messages 

+ • Help and education to 
+ 	 support the applica
+ 	 tion 

+ 	 Application Development 

+ 	 Tools 

• 	 Programming Devel
opment Manager 
(PDM) 

• 	 Source Entry Utility 
(SEU) 

• 	 Data File Utility (DFU) 
• 	 Screen Design Aid 

(SDA) 
+ • Interactive Data Defi
+ 	 nilion Utility (IDDU) 

First Reference 

No additional manual 

• 	 Application Development Tools: Programming Develop
ment Manager Users Guide and Reference, SC09-1339 

• 	 Application Development Tools: Source Entry Utility 

User's Guide and Reference, SC09-1338 


• 	 Application Development Tools: Data File Utility Users 
Guide and Reference, SC09-1381 

• 	 Application Development Tools: Screen Design Aid 

User's Guide and Reference, SC09-1340 


• 	 Utilities: Interactive Data Definition Utility User's Guide, 
SC41-96S7 
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+ 	 Topics First Reference 

+ 	 Programming languages • Programming: Control Language Programmer's Guide, 
SC41-8077· Control language (Cl) 

• 	 Programming: Procedures Language 400/REXX 
Procedures language· 	 Programmer's Guide, SC24-5553
400/REXX (REXX) 

• 	 Languages: Pascal User's Guide, SC09-1209· AS/400 Pascal 
• 	 Languages: PUI User's Guide and Reference, SC09-1156· AS/400 PLII 
• 	 Languages: BASIC User's Guide and Reference, 

• 	 AS/400 BASIC 
SC09-1157

COBOU400· 	 • Languages: Systems Application Architecture AD/Cycle'
RM/COBOl-85· 	 COBOU400 User's Guide, SC09-1383
FORTRAN/400· 	 • Languages: RM/COBOL-8S*' for the AS/400' User's
C/400· 	 Guide, SC41-9865
RPG/400· 	 • &8945. 

+ 	 • Languages: Systems Application Architecture AD/Cycle' 

+ C/400· User's Guide, SC09-1347 

+ • Languages: Systems Application Architecture AD/Cycle' 
+ 	 RPG/400' User's Guide, SC09-1348 

+ 	 Providing help for users Application Programming: Guide to Programming Applica

+ 	 tion and Help Displays, SC41-0011 

+ 	 Creation No additional manual 

+ 	 Testing 

+ 	 Implementation 

+ 	 AD/Cycle ? 

Definition of the Application 
There are many things that must be considered when creating an application 
program. For example: 

• 	 What is the problem to be solved? 

• 	 Who will use the programs and who will use the reports? 

• 	 What should the reports look like and what information is required? 

• 	 What is the current state of the data? Does the data already exist in the com
puter or must new data files be created? 

• 	 What conventions exist within the current file structures? (For example, file 
naming, and program variables) 

• 	 What backup and recovery procedures should be in place? 

• 	 What are the system resources? (For example, printers, displays, and so on) 

• 	 How will the program handle input and output, program messages and files, 
passing of variables, data areas, system messages, and so on? 

Using the design of a payroll program as an example in this chapter, each topic will 
be discussed along with the AS/400 system support for handling the creation of the 
application program. 

The payroll program will need employee, tax, and salary information. Checks and 
payroll reports will need to be created including end-of-the-year benefit forms. The 
same files could be used to produce data to be included in the quarterly corporate 
income and expense report. Management may also need summaries of overtime 
from the employee time card files to project employee requirements for the coming 
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year. Designing the files for current, as well as future needs, involves careful 
thought and planning. The first step is to determine what exists today. 

Naming Conventions: If programs and data files exist on the system, is there a 
naming convention that has been used? If so, following that convention makes man
aging ofthe applications easier. A naming convention helps organize the data and 
makes the program documentation and other types of operations, such as dis
playing or copying files, easier. If there are no conventions, then consideration of 
such conventions is recommended. For example, all employee data files could 
begin with EMP and the payroll files could begin with PAY. Additionally, the 08/400 
programs allow operations to be performed on multiple files using the generic 
names. For example, to copy all EMP or PAY files, the system permits copying 
groups of files by using generic names such as EMp· or PAY· instead of listing each 
file name separately. 

The file name, record format name, and field name can be as long as 10 characters 
and must follow all system naming conventions. Keep in mind that some high-level 
languages have more restrictive naming conventions than the A8/400 system does. 
For example, RPG/400 allows only 6-character names. In some cases, the system 
name can be changed to temporarily match the high-level language restrictions. In 
addition, names must be unique as follows: 

• 	 Field names must be unique in a record format 
• 	 Record format names and member names must be unique in a file 
• 	 File names must be unique in a library 

Source files: If data currently exists on the system or network, determine the type 
of data, where it is stored, who owns it, and who can change it. Some existing 
program may update the files the new application will be using. If so, the interaction 
between programs must be considered to ensure that there are no conflicts. 
Updates to each program should be made so as to have as little negative affect on 
the other application programs as possible. There may also be source data that 
could be incorporated into the overall application. For example, a report format 
using the employee file could be changed to produce a summary payroll report. 

User Interface Guidelines 
Another consideration for the programmer is to match the users who will be using 
the application program and how they will use it. For example, menus that will be 
used by the data entry operator should take into account: 

• 	 The existing company standards for application programs 
• 	 The task that will be done using the display (entering data, selecting jobs, and 

so on) 
• 	 The type of work station that will be used and its characteristics (the device 

description files, for both printers and displays, provided by the operating 
system help the programmer control work station differences) 

• 	 The now of information (which menu is presented first, second, and so on) 
• 	 The number of fields that should be included on each display 

IBM has established SAA common user access (CUA) guidelines for designing a 
user interface. Following these guidelines allows interactive application programs 
to have similar appearance across several 8AA operating system environments 
with a minimum amount of retraining for the application user. 

Consideration should also be given to what type of messages and help information 
will be provided by the application program. For example, if the wrong data type is 
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entered, will the program detect an error and what kind of assistance will the 
program provide to help the user correct the entry? In the payroll example, suppose 
letters are entered for the rate of taxation (I instead of 1), how will the system 
prompt the user to enter only numeric values? Using DDS to describe files, validity 
checks can be incorporated into the design of the database. 

Application Environment 
The environment of the application program includes: 

User profiles Who can run the program and who will be accessing which files 
with what authority 

Libraries Where the program and file objects will reside 

Library lists What search sequence will be used for locating related informa
tion 

Output queues Where printed output will be sent by the application program 

Programming environment 
System/36 environment, System/38 environment, or the OS/400 
program 

Each of these will need to be defined in terms of the specific application program. 
For example, the AS/400 system supports a group profile that could be created for 
data entry personnel to allow several people the authority to run the program that 
updates the employee files. Individual user profiles could apply to the person(s) 
responsible for maintaining the application programs. 

Libraries should be created to contain all of the related data files and programs (for 
example, payroll). If employee files exist in more than one library or if separate 
libraries contain data the new application will be using, a library list will be needed 
to help the application program locate the required files. (While testing the pro
grams, the library list should be changed to direct the programs to a test library 
containing test data so that any existing real data is not affected.) 

Output for the payroll application will include pay checks and tax forms, as well as 
various summary reports. Output queues need to be created to manage when and 
where the output will be produced. For example, because the output is printed on 
company checks, it needs to be sent to the printer that will handle printed forms. 

System Resources 
A final task in the survey of the current system involves identifying system 
resources. This includes: 

Hardware: Determine what hardware is available. This includes the amount of 
storage available for processing and storing the information as well as any devices 
attached to the system that can be used by the application program. When planning 
the printed output, what printers are available and what is the current work load? 
(An option may be to hold the output until the work load on the system is lightest.) 

Network Considerations: Determine how the program will share data and 
resources with work stations and local, remote, and distributed systems in the 
network. Will users at remote sites have access to the information? Will the pro
cessing be done locally or at another host system? If it is a large network, will the 
information be entered at remote system work stations and then sent to a central 
site for processing or will all processing take place locally? 
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Requirements 

Specific OS/400 work management and data management functions provide support 
to manage these kinds of tasks including DDM, the communications device (ICF) 
files, and prestart jobs. The communications utilities and problem determination 
functions provide networking support such as APPN and monitoring alerts. 

Programming Tools: Determine what programming tools are available. Several 
high-level programming languages are available for the AS/400 system including: 

• AS/400 Pascal 
• COBOU400 
• RM/COBOL-85 
• AS/400 BASIC 
• FORTRAN/400 
• AS/400 PLII 
• C/400· 
• Procedures Language/400 REXX 
• RPG/400 

The languages can be supplemented by many high-level functions available with the 
OS/400 control language. For example, CL allows the programmer to use the 
AS/400 database and work management functions such as spooling and managing 
job processing. 

The AS/400 application development tools provide utilities to help the programmer 
create the application program. These programming tools include: 

• BGU for creating graphics 
• CGU for creating DBCS characters 
• DFU for working with data files 
• PDM for interfacing with other programming tools 
• SEU for entering and editing source 
• SDA for designing menus and user interface displays 

After the application guidelines, environment. and system resources are defined, 
the next step is to identify specific requirements for the application program. 

Identifying requirements for the application program will determine what programs, 
reports, data files, and other objects will be needed. This includes defining the 
purpose of the application, identifying users, determining data security required, 
and establishing performance requirements. 

Purpose of the Application: Talking to the prospective users is a good way to iden
tify how the task is currently being done, what information is required to do the task, 
and what reports would be helpful. In terms of the program, this can be converted 
into the display formats, the fields in the database file, and the printed output. For 
example, if the users indicate that the checks are mailed, then the employee data
base must have the name and address fields; the input display must allow users to 
enter and update the address information; the name and address must appear on 
the check to be displayed for mailing. 

Identify Users: Once the purpose is clearly defined, it is easy to match the users to 
each task performed by the application. It will help to think in terms of your user 
and how to make their job easier. For example, too many options on a menu or 
fields on an input display can be overwhelming and confusing. The flow from menu 
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options to data entry displays to printed output should be easily understood. The 
prompts should be clearly stated so that the user has no trouble understanding what 
is expected in the data entry fields. The testing phase of the application program 
should include a review of the displays and the flow by the prospective users. 

Security: Matching the users to the tasks they will perform will determine the secu
rity level required. This matching should be detailed for each database file and 
program. OS/400 security functions allow user and group profiles to be easily 
created to specify each level of security for each database file or program. In the 
payroll example, the user responsible for updating salary information would have 
read and update authority to a different set of database files than the user whose 
task is limited to updating employee demographic information. System support 
gives the user of the program the same authority associated with the program 
unless otherwise specified in the individual user profile. If users have authority to 
run a program which updates the salary database, they can update the database 
unless their user profiles specifically prohibit it. 

Performance: When considering the performance requirements of the application 
program, decide which tasks will be performed interactively and which will be pro
cessed as a batch job. For example, updating employee record information is best 
done interactively. Depending on the size of the company, this may need to be done 
on a daily basis. Processing and printing checks, however, is a batch operation, 
because the only direct interaction between the system and the operator required is 
to load the correct forms. The timing of this task would depend on when checks 
were issued and when reports were due. When the application program is put into 
effect, the OS/4OO performance tools can be used to optimize the system perfor
mance. Factors which affect system performance include: 

• Interactive throughput 
• Internal and external response time 
• Active display stations 
• Keyed input + think time 
• Resource utilization 
• Programming environment 

Concentrating on one area, could adversely affect another. For example, if users 
want fast response time, the system needs to be designed and operated so that the 
users receive stable, consistent response time over a range of system loads. This 
choice, however, could cause batch jobs to run slower. 
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Design 
After defining the user's needs and specifying the requirements for the application 
program, you are now ready to begin the design process. A very complete design 
specification will make the application program much easier to create. Figure 12-1 
provides an overview of the environment for the application program that wilt be 
created. This includes the files, languages, and other objects such as journals for 
recovery purposes. Including these in the design process makes it easier to accom
plish than adding it after the application programs are completed. 

Journal 	 Data Dictionary I 	 I 
Field Description 

A 
Physical file 	 I I 

1 X A B D Logical File 

2 

3 	 5 A X 

4 	 1 

5 	 2 

Data Management 

SQL(SAA) 	 High-level Language Interface 

I 
Programs and Programs and 

Interactive SQL Utilities 

• 	 Data Dictionary • Logical Files 
- Data definition and - Select records and fields 

consistency - Provide alternative 
arrangements 

- Provide security and 
• 	 Physical Files data independence 

- Contain the data 

RSlM13H 

Figure 12-1. Environment of the Application Program 

Designing the application program includes determining: 

• Input and output methods and devices 
• Processi ng options 
• Performance specifications 
• Security levels 
• Program structure 
• Message requirements 
• Implementation tools 
• Testing strategy 
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Input and Output 
Designing how input and output will be managed by the application program 
includes: 

• 	 Determining which physical and logical database files are required 
• 	 Determining how the data will be described to the application programs. 
• 	 Determining the characteristics of the printer and the format for each printed 

report or document 
• 	 Determining the characteristics ofthe displays and the format for the menu, 

entry, and list displays 

Describing the Data 
There are two ways of describing records in a database file: 

• 	 Field-level description. Each field in the record is described to the database 
system in terms of: name, length, data type, validity checks needed, and text 
description. 

• 	 Record-level description. Only the lengfh of the record is described to the 
system. Each program must include the information about the fields. 

The OS/4OO program provides several methods to describe data for the database: 

OS/400 IDDU 	 The interactive data definition utility (IDDU) file definitions are 
stored in the OS/4oo data dictionary. IDDU is a menu-driven, inter
active function of the operating system that allows you to describe 
multiple-format physical files for use with QUERY, PC Supportl4oo, 
OfficeVision/400, and the data file utility (DFU). Users familiar with 
describing data on the System/36 might choose IDDU. 

SQU400 	 The Structured Query Language/400 (SQU400) is the SAAdatabase 
language for defining and processing data. 

OS/400 DDS 	 Data description specifications (DDS) provide the most options, 
including describing fields in logical files and key fields used to 
define the order in which data is presented to the program. DDS 
keywords also provide some options to process data before it is 
presented to the program. 

The AS/400 system data management function allows field information to be defined 
as part of each physical database file, as was discussed earlier, or in a separate 
field reference physical file. The field reference file contains no data and is used 
only as a reference for the field descriptions for other physical and logical files. 
This is done by telling the system to copy descriptions from the field reference file 
into the new file descriptions. It is used to simplify record format descriptions and 
to ensure field descriptions are consistent. All fields required for an application 
program or group of files can be defined in the field reference file. 

After the field reference file is created, physical file record formats can be specified 
without describing the characteristics of each field in each file. As the physical file 
is specified, the programmer can make changes to the field reference file instead of 
to the individual file descriptions. Changes to the field descriptions and keywords 
specified in the physical or logical file descriptions override the descriptions in the 
field reference fi Ie. 

In the example, the field reference physical file could contain a description of all of 
the possible fields such as salary, tax rates, time card data, and employee informa
tion. The data would reside in separate database files whose descriptions would be 
copied from the field reference file. For example, the field descriptions for the 
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employee name could be referred to by the time card and employee database files. 
The following must be determined for each field: 

Data type 

Length 

Decimal positions 

Text 

Column headings 

Alias 

Attributes 

Validity checking 

Editing 

Keyboard shift 


Any high-level programming language restrictions, national language consider
ations, or programming conventions that may affect the description format must be 
identified. For example, not all HLLs support all data types. Some national lan
guages use periods, commas, or slashes as date and monetary delimiters. 

+ National Language Support 
+ To properly support a language or multiple languages on a single system, the 
+ appropriate hardware and software must be ordered and configured. 

+ Note to Reviewers ------------------------, 

+ Additional information regarding National Language Support was provided at the 

+ formal draft by Linda McNamara. This information was not completely readable 
+ on Century Design's copy. Linda McNamara did not return my calls and Pete 
+ Wagener was not available prior to the deadline for this draft. 

Format of Printed Output 
In determining the printed output for the application, there are two basic topics: 

1. The device: where and how will the output be printed? 
2. The formal: what will the output look like? 

Device: The capabilities of the printer will determine how the system will communi
cate with the printer and what the printed output can look like. You will need to 
determine which printer will be used for which report. This will determine the 
output queue that will receive the spooled files. For example, the printing of the 
payroll checks may require a printer with a form feed attachment to feed in the 
check forms. The summary report for the end of the corporate year may require a 
printer capable of graphics or different type styles. 

The device description identifies the hardware capabilities to the OS/400 program, 
including whether spooling is active. The application program refers to the device 
file rather than to the actual device. Using these objects, OS/400 data management 
support controls the processing of data between the program and the printer. 

The current work load of the printer needs to be assessed so you can plan the 
timing of the actual printing. For example, printing the checks will require loading 
the forms and interrupting the flow of other work to that printer. Other spooled files 
to that printer will need to be held until the checks are finished and the regular 
paper is reloaded. The OS/400 work management functions easily manage these 
spooling tasks. 
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You will also need to determine what will happen to the output when printing is com
plete. For example, the overtime summary report could be saved in a database file 
to later be merged into a document, which management will present to justify 
increasing the number of employees. 

Printing conditions that could cause errors will also need to be considered in the 
desi gn of the application program. For example, will there be a message to the 
program or operator if an error occurs? How should the program handle unprint
able characters? Should they be ignored or should the program stop? Will the 
program restart the process if it is interrupted? I n the case of printing checks, the 
program will need to mark the last check that was successfully printed so that it can 
continue from that point when restarted. 

Format: When the printer characteristics are identified, the format for the output 
can be determined. For example, if the printer can accommodate the various 
national languages (for example, is all points addressable), then the AS/400's char
acter generation utility can be used to produce the output in the DBCS formal. 
(There are already over 7000 DBCS characters available.) Depending on the capa
bilities of the printer, the AS!400's advanced function printing (AFP) allows the user 
to print the Advanced Function Printer Data Stream (AFPDS) data sent from a 
System/370 to place data not just at row and column positions, but at any address
able point on the page. This includes graphic images, various fonts, logos, signa
tures, electronically designed forms, and so on. In the payroll example, the blank 
check forms could even be printed on site using AFP. 

The content of the printed output must be selected and considered when planning 
the application program. This can be done by meeting with those who will be using 
the final product and creating prototypes of the printed output. The prototype of 
each report can be used to plan the layout of the fields. 

Focus on the purpose and audience of each report and printed output. For example, 
if it is a summary report, then pages of numbers that lead to the bottom line are not 
appropriate. However, if the purpose is to determine how the bottom line was 
achieved, then the numbers are important and, perhaps, those which deviate sub
stantially from the average should be highlighted. 

With the prototypes and the purpose clearly defined, the next step. is to determine 
the fields. Using the field reference file as a starting point, plan any changes that 
need to be made to the fields such as: data type, field length, decimal positions, 
and other attributes. Any data that is not included in the field reference file needs to 
be added either to the existing field reference file or to a new database file. System 
variables, such as the date and time, also need to be described. 

A final step is the actual form of the output. This can be specified in the OS/400 
printer files that can be referred to by each program within the application. Printer 
attributes can be specified for each field, such as underlining, type size and style, 
and so on. DDS can also be used to describe the printed format or the format can 
be specified in the program. DDS provides more functions. 

In addition to using the high-level languages to create the output, the AS/400 system 
provides the RPG/400 available in three forms. System/36-Compatible RPG/400 is 
used in the System/36 environment. System/3S-Compatible RPG/400 is an 
enhanced version of the System/38 program and runs in both the System/38 envi
ronment and in OS/400. RPG/400 can be run in the OS/400 and can be incorporated 
into other RPG/400 and HLL application programs using a simple calf statement. 
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Format of Displayed Output 
The displays serve as the user's interface to the application program. These dis
plays must be designed to accommodate the user, the type of work station where 
they will be displayed, the purpose of the display, and the content of the display. 

Define the Device: Like the printer, the AS/400 system maintains a device 
description for each display station so the programmer need not define the device 
for each program. The following items must be considered when designing the 
display: 

Display size 
Color 
Type of keyboard 
Is it a programmable work station? 
Is it a local or remote work station? 

Flow of Information: A good way to determine the now of display screens in the 
application program is to map the user's route through the programs. For example, 
in the example application program, the first display is a general menu that gives 
the user choices among the payroll tasks. Each subsequent display depends on the 
task the user chooses from the menu. The following example shows a menu that 
could be used for the payroll application. 

Company XYZ Payroll 	 Menu 

Select one of the following: 

1. Data entry and update 
2. Run report 5 

3. Process payroll 
4. Application maintenance menu 
5. Batch job menu 

90. Sign off 

Selection or command 

===> ----------------------

PF3=Exi t 	 PFl2=Cance I 

Depending on the user's authorization to each of the database files, the menu 
options would display a different set of options. The application program can be 
designed so that the display reflects the user's experience or security level. For 
example, the personnel manager might see only options 1 to 3. The user respon
sible for systems operations might only see 2 and 4. 

Design Displays: As discussed earlier, there are four types of displays that can be 
used in a program: 

Menu 	 From the first menu, the subsequent menu choices might allow the 
user to specify the database to be updated, the report to be printed, 
the payroll information to be processed, and so on. 
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+ 
+ 
+ 
+ 
+ 

Validity Checking 
+ 
+ 

List 	 If several reports need to be printed, the list display allows users to 
enter multiple selections. The program then processes each 
report. 

Entry 	 The data entry displays would include the fields used to type 
employee data as well as any other information that is to be 
included in the database. 

Information 	 This might include information such as how to load the payroll 
check forms into the printer or even an explanation for each option 
on the menu. A function key can be programmed into the applica
tion as a HELP key. The user moves the cursor to the option and 
presses the HELP key and the information panel is displayed. 

Displays can also be a combination of all four types. 

For each display, determine the following: 

• 	 Fields: which fields are required and what are their attributes. For example, 

when entering the number of hours an employee worked, a decimal pOint is 

required to indicate a partial hour. 


• 	 Function keys: which function keys will be active for which displays and how 

will they be indicated on the display. For example. F1 is a CUA standard for 

help. 


• 	 Help: what help is available and how does the user access it. For example, is it 
task specific or is does it contain overview information about a menu? 

• 	 Message handling: what messages are to be sent and how will they be dis

played to the user. For example. if an incorrect employee number is entered, 

how is that communicated to the user? 


• 	 Overwrites: which information or fields are cleared, overwritten by a subse
quent display panel. and which are saved to be displayed again. For example, 
when entering employee data on multiple screens, it is helpful to keep the 
employee name for each data entry display for that employee. 

The application development tool screen design aid (SOA) is an interactive utility to 
design menus, to design displays, and to create online help information. Some of 
the advantages of using SDA are: 

• 	 Generates data description specifications (~~S) from the information that 

appears on the screen. An extensive knowledge of DDS coding forms, 

keywords, or syntax is not necessary. 


• 	 Presents displays in groups to make DDS keyword selection easier at the file, 

record, or field level. 


• 	 Allows field selection from existing database files to design a display. 

• 	 Allows the programmer to view the display as it is designed or changed. 

• 	 Provides assistance for testing of the displays with the data and status of the 

conditioning indicators. 


Determine what type of validity checking the system should perform when the user 
is entering data. Using the DDS keywords in the display file that was created, the 
AS/400 performs the validity checking specified in the source statements before 
sending the data to a program when the program is run. Therefore, any errors can 
be corrected before the data is sent to the program. For example, when using 
display files, you can have the system check the validity of data entered by the work 
station user. If errors are found, a message can be issued so that the work station 
user can correct the input before the record is passed to the application program. In 
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the payroll application program, validity checking could be used to check the 
validity of department and employee numbers, comparing those entered by the 
operator with those in the master database file. 

+ Providing Online Help 
+ 	 Determine what help information should be available for each area of the display 
+ and how the help should function. You can define the online help information in an 
+ office document, DDS record formats, or UIM panel groups. Using the DDS 
+ 	 keywords in the display file, the AS/400 displays the text when you press the help 
+ 	 key. 

+ 	 You can define the display file so that you supply online help information for the 

+ 	 following: 

+ • An entire record on the display 

+ • Smaller rectangular areas within a record, such as individual fields 
+ • Areas on the display that are not part of any smaller rectangular areas that 

+ 	 already have online help information defined for them. 

+ 	 Each help area is defined with H specifications in DDS with the Help Area (HLPARA) 

+ 	 keyword. A help area is defined by specifying the upper-left row and column and 
+ 	 lower-right row and column of the rectangular area. These coordi nates must be 

+ 	 located in the screen area, but are not required to be in the record area. 

+ 	 Only one file level Help keyword (either HLPDOC or HLPRCD or HLPPNLGRP) can 

+ 	 be defined, but you can specify one or more H specifications for a record. 

~ + 	 The User Interface Manager (UIM) Help Facility uses panel groups to hold online 
+ 	 help information. To use panel groups for online help information, you must specify 
+ 	 them in the DDS coding for your applications display. Panel groups can contain 
+ 	 three types of online help information: 

+ • Display help 

+ • Command help 

+ • Search indexes 


+ 	 Panel groups can be linked to each other using hypertext. 

+ 	 DDS uses help records to define online information. 

+ 	 You can use online documents for online help information. These documents are 
+ 	 created using the word processing functions in the OfficeVision/400 licensed 
+ 	 program. The document and folder do not have to exist when you create the display 
+ 	 file. You do not need the OfficeVision/400 program on your system to run online 
+ 	 help information, but you do need the licensed program to create an online help 
+ 	 document. 

Identify Database Requirements 
During application design, the following decisions must be made about the use of 
database files: 

• 	 What files, record formats, and keywords are needed? As the physical and 
logical files are described to the system, DDS, IDDU, and SQL allow keywords to 
be specified to create access paths to the data. These are used by the pro
grams to retrieve information in the order required by the program. 

• 	 Are new phYSical files needed, or does the data already exist on the system? 
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• 	 Are new fields or changes to existing fields needed? 

• 	 Are new logical files necessary to provide the record formats and/or access 

paths needed by the program? 


• 	 Are the record formats and fields used by the program already defined in the 

system? 


The AS/400 programming development manager (PDM) and other system com
mands provide the functions necessary to display the file descriptions, record 
formats, and file use information for files that already exist on the system. 

Determine Requirements for the Database: Knowi ng what the output of the applica
tion should be helps to identify what input is required. Whether the information 
already exists on the system or whether new files are required, the following is a list 
of some of the requirements that must be determined: 

• 	 Security and file integrity requirements 
• 	 Fields and their attributes 
• 	 Program-described or externally-described data 
• 	 Types of logical files that will be used 
• 	 Arrangement of the data 
• 	 Transaction management requirements 
• 	 Strategies for avoiding duplication 
• 	 Data sharing requirements 

Design Physical Files: The physical file contains the actual data that is used in the 
application program. Where possible, the design should include the use of existing 
record formats and a strategy for avoiding duplication of information. Additionally, 
the design includes determining: 

• 	 Which fields are required in each physical file (For example, an employee data
base should contain name, address, telephone number, and so on) 

• 	 Attributes of the fields (For example, length, data type, name, decimal positions, 
and so on) 

• 	 Access method (For example, keyed or arrival sequence) 

• 	 Join fields (For example, joining the first name and last name fields to create a 
name field instead of duplicating the data) 

• 	 The creation method 

Size of the files 

Storage requirements 
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Design Logical Files: The logical files contain no data, but define the record 
formats for the data used in the application program. To create the paycheck in the 
payroll example, logical files may be used to present a view of: 

• 	 The employee information 
• 	 The amount of time worked during the specific ti me frame 
• 	 The rate of pay 
• 	 The taxes and other amounts to be deducted 
• 	 The net pay 

Processing all of this information from the various physical files is made easier 
because the data management functions provide the application program with all of 
the data as though it were a single file. The combination of fields used to create the 
various logical files must be determined. Like the physical file, the fields and their 
attributes must be chosen and identified. However, with logical files there are addi
tional things to be determined: 

• 	 The type of logical file 
Simple 


- Join 

- Multiple-format 


• 	 The source of the data 

- Existing physical file 

- Calculation 


Because data can have several logical views, the data can be read and processed 
using different record formats and access paths than the ones used to store the 
data. Figure 12-2 shows how data of three different kinds can be linked together in 
one relational database but handled in three different views. 

Employee Payroll TIme 

Database 

Figure 12-2. Example of a Relational Database 
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Structure 
Within an application, each program can be designed to perform a specific function. 
Whenever the function is needed, that program can be called. When applications 
are organized in this manner, one program in the application (normally a CL 
program but it could be a REXX program) controls the flow of activity within the 
application. The following illustration shows how control could be passed between 
a control language program, RPG/400 programs, and COBOU400 programs in an 
application. To use the application, a work station user would request program A 
(PGMA), which controls the entire application. The illustration shows: 

• A CL program (PGMA) calling an RPG!400 program (PGMB) 
• An RPG/400 program (PGMB) calling another RPG/400 program (PGMC) 
• An RPG/400 program (PGMB) calling a CL program (PGMD) 
• A CL program (PGMA) calling a COBOL program (PGME) 
• A COBOL program (PGME) calling a CL program (PGMF) 

Start 

L. PGMA (CL) PGMB (RPG PGMC (RPG) 

CALLPGMB - - CALLPGMC - 
.. END 

CALLPGME -  PGMD (CL)~ 

ENDPGM 
CALLPGMO - t-

RETURN 

- - RETURN 

-I> PGME (COBOL) 

(CL)ff'GMF 
CALL PGMF_ .. [ R~TURN I 
EXIT PROGRAM 

RSLM1S9·D 

When the application is developed, each program should be written in the high-level 
language that best provides the functions needed. When deciding which language 
to use performance should be considered. For example, an interpretive language 
does not normally run as fast as a compiled language. If performance is critical, a 
CL program would be preferred over a REXX program if both languages provide the 
desi red level of support. Any program can call any other program regardless of the 
high-level languages in which the programs are written. For example, control lan
guage statements can be used by a work station user to request application func
tions. Control language statements also can be used to call other programs based 
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on conditions that exist when the programs run. The high-level languages provide 
the functions needed to perform operations on the data processed by the applica
tion. These programs can request database processing through the data manage
ment functions provided by the system. 

Using the operating system functions, applications that are made up of more than 
one program can pass information from one program to another using any of the 
following: 

• 	 Parameters of the command that calls the program 
• 	 Data areas 
• 	 Files 
• 	 Data queue 
• 	 Messages supported by the OS/400 message handling functions 

Data Areas: A data area is an object that contains common data that can be shared 
by different programs in a job or by programs in different jobs. It exists independ
ently of the programs that use it. Values can be placed in the data area to control 
the functions performed by programs that access those values. The values can be 
changed by the programs or by commands entered by a work station user. The 
system synchronizes the use of values in the data area so that one program does 
not change a value while another program ;s using it. 

A local data area is created automatically for each job in the system, including 
autostart jobs, jobs started on the system by a reader, and subsystem monitor jobs. 

A local data area does the following: 

• 	 Pass information to a submitted job by loading information into the local data 
area, then the data can be accessed from within the submitted job. 

• 	 Improve performance over other types of data area accesses from a CL 
program. 

• 	 Store information without the overhead of creating and deleting a data area for 
each submitted job. 

Data Queues: Data queues are a type of AS/400 system object that you can create, 
to which one HLL program can send data, and from which another HLL program can 
receive data. The receiving program can be already waiting for the data, or can 
receive the data later. Normally, the programs are in different jobs. 

Some of the advantages of using data queues are: 

• 	 Data queues are the fastest means of asynchronous communication between 
two jobs. Using a data queue to send and receive data requires less overhead 
than using database files, message queues, or data areas to send and receive 
data. 

• 	 More than one job can receive data from the same data queue. 

• 	 If the job is an interactive job, this can provide better response time and 
decrease the size of the interactive program. This, in turn, can help overall 
system performance. 

Figure 12-3 shows the relationship of programs, database files, message files and 
queues, device files, data area objects, and data queues. Notice that a" of the pro
grams, no matter which HLL language was used, can access the same files and 
queues. 
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Another major design consideration is whether to do an interactive application or a 
batch application. In many cases, a complete application is a combination of inter
active and batch programs. For example, if an application requires documents to be 
printed (such as picking slips or purchase orders), that part of the application is best 
performed by a batch job. However, the entry of data that updates master files on a 
timely basis is best performed interactively. Generally, any task that ties up a work 
station for more than a short time (while the task runs and the work station user 
cannot interact with the system) should be run as a batch job. 

Three primary elements should be considered when an interactive or batch applica
tion is deSigned: 

• 	 The user interface needed to call and to communicate with the application 
• 	 The files needed for the application: 

Database files for storing data 
- Device files for output or communicating interactively with users 
- Messages files 

• 	 The structure of the application; that is, the programs to be included and the 
method used to control flow among the programs 

Using the work management functions on the AS/400 system, batch jobs can be sub
mitted by work station users, started by the system operator, or called from an inter
active program. Work station users can submit jobs whenever they are needed. 
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Batch jobs can also run at a specified time or when a subsystem is started. The 
scheduling priority for the jobs can be set in the job description. 

When an interactive program is running, communication is needed between the 
program and the work station user. This communication is normally performed 
through displays defined in a display device file. 

User and Interprogram Messages 
A message is a communication sent from one user or program to another. Most 
data processing systems provide communications between the system and the 
system operator to handle errors and other conditions that occur during processing. 
In addition to this type of support, OS/4oo provides message handling functions that 
support two-way communications between programs and system users, between 
programs, and between system users. Two types of messages are supported: 

• 	 Impromptu messages, which are created by the program or system user when 
they are sent and are not permanently stored in the system. 

• 	 Predefined messages, which are created before they are used. These mes
sages are placed in a message file when they are created, and retrieved from 
that rile when they are used. The messages are numbered and can be defined 
by either the program or the system. For example, if an application program 
attempts to write information to the tape drive and the drive is not ready to 
receive the data, the system message file contains a predefined message for 
that condition. 

Because messages can be used to provide communications between programs and 
between programs and users, using the OS/4oo message handling functions should 
be considered when developing applications. The following concepts of message 
handling are important to application development: 

• 	 Messages can be defined in messages files, which are outside the programs 
that use them, and variable information can be provided in the message text 
when a message is sent. Because messages are defined outside the programs, 
the programs do not have to be changed when the messages are changed. This 
approach also allows the same program to be used with message files con
taining translations of the messages into different languages. 

• 	 Messages are sent to and received from message queues, which are separate 
objects on the system. A message sent to a queue can remain on the queue 
until it is explicitly received by a program or work station user. 

• 	 A program can send messages to a user who requested the program regardless 
of what work station that user has signed on to. Messages do not have to be 
sent to a specific device. A program can be used from different work stations 
without changing the program. 

Because replies can be returned by a user or a program that receives a message, 
the message handling function allows two-way communications. 

Messages in a CL Program 
You can monitor for escape, notify, and status messages that are sent to your CL 
program's program message queue from other programs using commands in your 
program. The Monitor Message (MONMSG) command monitors the messages sent 
to the program message queue for the conditions specified in the command. If the 
condition exists, the CL command specified on the MONMSG command is run. The 
MONMSG command does not detect Information, Diagnostic, or Completion mes
sages. 
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Escape Messages: Escape messages are sent to tell your program of an error con
dition that forced the sender to end. By monitoring for escape messages, you can 
lake corrective actions or clean up and end your program. 

Notify Messages: Besides monitoring for escape messages, you can monitor for 
notify messages that are sent to your CL program's program message queue by the 
commands in your program or by the programs it calls. Notify messages are sent 
by these programs to tell your program of a condition that is not typically an error. 
By monitoring for notify messages, you can specify an action different from what you 
would specify if the condition had not been detected. 

Status Messages: Another type of message you can monitor for is the status 
message. You can monitor for status messages that are sent by the commands in 
your CL program or by the programs your program calls. Status messages tell your 
program the status of the work performed by the sending program. By monitoring 
for status messages, you can prevent the sending program from proceeding with 
any more processing. 

Information to Support the Application 
After the reports and database files are designed, you may want to design the help 
information that will support the application programs. This can include help pro
vided by the system through the user interface functions, education in the form of 
either online tutorials or user guides, and manuals and run books. The level of diffi
culty and detail should renect the user's experience. For example. the individual 
responsible for updating payroll information requires a run book that provides the 
basic keystrokes necessary to make menu selections and to enter data. The system 
operator responsible for application maintenance tasks requires a reference guide 
with problem determination and resolution information as well as backup and 
recovery strategy. In a small business, the backup and recovery procedures are 
often part of the application. In larger enterprises, they are included in the overall 
management of the system. 

Implementation Tools 
To a great extent, the choice of tools depends on the tools and programming lan
guages available on the system. the language with which the programmer is most 
familiar, and existing application programs on the system. The AS/400 system pro
vides a wide range of tools and programming languages to help you develop appli
cations. 

Programmer Menu 
The Programmer Menu provides a convenient method for accomptishinggeneral 
programming tasks. The programmer menu options include: 

• Work with DFU and Query applications 
• Create objects from a source fife 
• Call a program 
• Run a command 
• Submit a job 
• Go to another menu to change a source file member 
• Design a display format using SDA 
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Application Development Tools 
Application Development Tools is a set of programs specifically designed to help 
programmers develop application programs. The tools provide help for such tasks 
as managing objects, entering source, and designing displays. 

Programming Development Manager (PDM): The programming development 
manager (PDM) utility provides easy access to objects on an AS/400. PDM allows 
the programmer to: 

• 	 Work with lists of libraries, programs, files, and other application objects 

• 	 Perform a number of different operations such as copy, delete, and rename 

quickly and easily 


PDM performs these operations by running commands with known parameter 
values passed from the list. You can perform many operations without having to 
know particular commands. For example: 

• 	 Using the list displays, the user can perform different operations or the same 
operations on more than one item in the list at the same time. This includes 
libraries, files, members, and user-defined options. For example, in the payroll 
example, you may need to move or delete the application test files. Using this 
option, select the objects and the operations. PDM handles the multiple moves 
or deletes. 

• 	 The work option allows the user to work with all objects in a library or all 
members in a file. In the development cycle of the application program, the pro
grammer can choose to work with all of the programs that will be used to create 
the payroll checks. 

• 	 Users can also create their own options, known as user-defined options, and 

use them to perform operations on libraries, objects, and members. Any fre

quently done task can be added or deleted as the application development 

progresses (for example, save and restore options or compile sequences). 


Because operations can be performed on more than one item at a time, productivity 
is increased. 

Source Entry Utility (SEU): SEU provides specification displays for DDS, RPG, CL 
and other HLLs for entering and updating source members. SEU functions include: 

• 	 Creating new members 
• 	 Updating eXisting members in a source physical file 
• 	 Searching by character strings and making global changes on that string 
• 	 Displaying prompts for source languages, CL commands, and BASIC 
• 	 Checking syntax for all source statements 

Data File Utility (DFU): DFU creates data entry programs from the information in 
the descriptions of existing database files (such as length, alphanumeric, and so on) 
and then uses these descriptions to build the application program. DFU programs 
can perform several jobs, such as entering new records, updating fields, and per
forming file inquiry tasks. Therefore, database maintenance programs run faster. 

A DFU list utility is available on in the System/36 environment and helps the pro
grammer work with list programs. 

Screen Design Aid (SDA): As discussed under the display design, SDA helps the 
programmer create display files that can be referred to by the HLL or called from a 
CL command. 
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Character Generator Utility (CGU): If double-byte characters (OBCS) are required 
for the application program. CGU helps the programmer create, delete, and change 
OBCS characters as well as maintain the font and sort tables for the character set. 

Interactive Data Definition Utility (IDDU) 
The interactive data definition utility (IODU) defines data to be used by DFU, AS/400 
Query, PC Supportl400, AS/400 Office. HLL, and to be embedded in documents. 
(DDS can also be used.) IDDU allows the programmer to enter database file and 
format descriptions to create database files. IDDU is the only way to describe 
multiple-format physical files, which are used by Query, PC Support, and DFU. 
These can be referred to by the programs in the application to provide external 
description capabilities. 

Programming Languages 
The choice of the programming language for the application is usually determined 
by the programmer's skill in that language and by the function's provided by the lan
guage. With the AS/400 system, programmers can choose their favorite among the 
following, and use the CL commands to call system functions and tie the various 
programs together. 

AS/400 Pascal 

COBOU400 

RM/COBOL-85 

AS/400 BASIC 

FORTRAN/400 

AS/400 PUI 

C/400 

Procedures Language/400 REXX 
RPG/400 

CL Programs: CL programs are made up of CL commands. The commands are 
compiled into a program that can be called whenever the functions provided by the 
program are needed. Advantages of using CL programs include: 

• 	 The user running the program does not have to enter individual CL commands. 

• 	 The CL programs are consistent. 

• 	 Using CL programs is faster than entering and running the commands individ
ually, because the commands are compiled and stored in a form that can be run 
immediately. 

• 	 CL programs can perform various functions depending on the parameters used. 

• 	 Some commands cannot be entered individually and must be part of a CL 
program. 

• 	 CL programs can be tested and debugged like other high-Ieve~ language (HLL) 
programs. 

• 	 Syntax checking is performed on the commands as they are entered. 

• 	 CL commands in CL programs can perform many functions not available in 
other high-level languages. 

CL programs can be used for many kinds of applications. For example, they can be 
used to: 

• 	 Provide an interface to the user of an interactive application. This enables the 
user to request application functions without understanding the commands used 
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in the program. This makes the work station user's job easier and reduces the 
chances of syntax errors occurring wilen commands are entered. 

• 	 Control the operation of an application by establishing variables used in the 
application (such as date, time, and external indicators) and specifying the 
library list used by the application. This ensures that these operations are per
formed in the proper order whenever the application program is run. 

• 	 Provide predefined procedures for commonly performed functions, such as pro
cedures to start a subsystem, to provide backup copies of files, or to perform 
any other procedures. The use of CL programs to perform these procedures 
reduces the number of frequently used commands and ensures that the func
tions are performed consistently. 

• 	 Assist in the now of programs and access to system functions. Using CL pro
grams, applications can be designed with a separate program for each function, 
and with a CL program controlling which programs are run within the applica
tion. The application can consist of both CL and other HLL programs. In this 
type of application, CL programs are used to: 

Determine which programs in the application are to be run. 
Provide system functions that are not available through other HLL lan
guages. 
Provide interaction with the application user. 

Most of the CL commands provided by the system can be used in CL programs. In 
addition, some functions designed for use in CL programs are not available when 
commands are entered individually. These functions include: 

• 	 Logic control functions that can be used to control which operations are per
formed by the program according to conditions that exist when the program is 
run. For example, if a certain condition exists, (/len do certain processing, else 
do some other operation. These logic operations provide both conditional and 
unconditional branching within the CL program. 

• 	 Data operations that provide a way for the program to commllnicate with a work 
station user. Data operations let the program send formatted data to and 
receive data from the work station, and allow limited access to the database. 

• 	 Functions that allow the program to send messages to the display station user. 

• 	 Functions that receive messages sent by other programs. These messages can 
provide normal communication between programs, or indicate that errors or 
other exception conditions exist. 

• 	 The use of variables and parameters for passing information between com

mands in the program and between programs. 


CL programs provide the flexibility needed to let the application user select what 
operations to perform and run the necessary programs. 

Procedures Language 4()OIREXX: REXX, the ASJ400 system implementation of the 
SAA procedures language, is a versatile, easy-to-use, structured, programming lan
guage. It offers powerful string handling functions, extensive mathematical capabili 
ties, and the ability to issue commands to a command environment that is outside of 
REXX. This allows CL commands to run from within a REXX program. REXX is thus 
an alternative to a CL program. You can combine the powerful instruction set of 
REXX with CL commands to control the overall flow of an application. 

REXX is an interpretive language rather than a compiled one. AS a result, REXX 
programs can be written, tested, and put into production faster than is normally the 
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case with a compiled language. However, because it is interpreted, REXX programs 
may not run as fast as an equivalent compiled program. 

ASI400 Pascal: Pascal is a high-level programming language that can be used to 
process both numeric and textual data and provides automatic syntax error 
detection. Pascal can call procedures written in,other programming lan9.uage~ and 
can be called by other programming languages. This means that existing programs 
can be incorporated into new applications. 

ASI400 PLII: PUI is a general-purpose programming language suited for commer
cial and scientific programming applications. PL/I can call procedures written in 
other programming languages to provide services not directly available in PUI. 
Additionally, PUI can be called by other programs. This allows the programmer to 
take advantage of existing application programs. 

ASI400 BASIC: BASIC programs are usually run interactively. However, CL com
mands can be used to run BASIC programs as a batch job. BASIC programs can be 
run either as source or compiled programs. BASIC supports the following kinds of 
files: 

• Arrival-sequence and keyed-sequence database files 
• Record-oriented device files 
• Work station files (for devices) 
• Pri nter fiI es 
• Streaming files 
• Source file members 
• AS/400 data areas 
• Internal data files or program-described files 

COBOLl400 programming language: Cammon Business Oriented Language 
(COBOL) is especially efficient for processing business problems. It emphasizes the 
describing and handling of data items and input and output records. This makes it 

+ well adapted for managing large files of data. The COBOU400 language includes 
+ several enhancements to the ANSI '85 COBOL standard: 

• Allows records to be sent and received from work stations 
• Allows externally described files to be used 

+ • Supports extended and boolean data types 
+ • Provides verbs to support the AS/400 database 
+ • Allows the use of an apostrophe instead of a quotation mark 
+ • Supports the SKIP, EJECT, and TITLE statements 
+ • Supports field-level work station 110 
+ • Provides ways to define data name characteristics by copying them from previ
+ ously defined data names 

+ RMICOBOL-85 programming language: The RM/COBOL-85 programming lC;inguage 
+ for the AS/400 system is an application language that conforms to the ANSI COBOL 
+ 85 standard, plus extensions that aid in writing interactive workstation applications 
+ that are portable between several IBM and non-IBM platforms. It is a fulllevel-2 
+ implementation with the exception of variable length record support. It also accepts 
+ the syntax from RM/COBOL 2.0, which conforms to the ANSI COBOL 74 standard, to 
+ support easy migration of RM/COBOL applications from System/36 system. 

FORTRANI400 programming language: FORTRAN is a high-level programming lan
guage used in applications for maintaining data and generating reports. It is useful 
in mixed environment programs that involve some numeric computations. 
FORTRAN/400 includes the following characteristics: 

12-24 System Concepts 



IB M Confidenti al GC41-9802-00 

• 	 Conforms to Systems Application Architecture FORTRAN common programming 
interface (CPI) 

• 	 Adds useful extensions from FORTRAN/2* and VS/FORTRAN* 
• 	 Provides an interactive syntax checker and debugger 
• 	 Can call programs written in other languages and be called by other languages 
• 	 Provides AS/400 system-unique extensions 

+ 	 CI400 programming language: C is a relatively low-level language and is well 

+ 	 suited for system programming. other uses for C include data management, com

+ 	 munication, and text processing. Programs written in C cover engineering, 

+ 	 scientific and commercial applications. 

+ 	 The C/400 language has the following characteristics: 

+ 	 • Conforms to Systems Application Architecture Common Programming Interface 

+ 	 (CPI) 

+ • Complies with the ANSI C standard 

+ • Provides an interactive syntax checker and debugger like the FORTRAN/4oo lan

+ guage and AS/400 Pascal 


+ • Can call programs written in other languages and can be called by other pro


+ gramming languages 


+ • Makes use of AS/400 system capabilities to provide features such as flexible file 


+ 	 manipulation, data security and data integrity. 

+ 	 RPGI400 programming language: The RPG/400 language uses the SAA definition of 

+ 	 the RPG programming language and provides many AS/400 features that make 

+ 	 RPG/400 a well-suited language for the AS/400 RPG/400 uses, for example, 

+ 	 externally described files and record formats. The features of the RPG/400 pro
+ 	 gramming language allows for faster development. The RPG/400 language provides 

structured programming options such as sequential operations, conditional 
branching, and a full set of input and output support. The AS/400 system also sup
ports compatible versions for the System/36 environment and the System/38 envi
ronment to run migrated RPGIII and RPGIIII programs on the AS/400 system. 

+ System Programmer Interfaces 
I OS/4oo APls are provided to allow highly experienced system programmers the 
I ability to create system-type applications. APls are callable interfaces to low-level 
I system functions. They provide access to information and function that is not avail
+ 	 able through CL commands or provide a more efficient access to select system 
+ 	 information and functions such as objects, jobs, and spool files. APls can be called 
+ 	 from high-level language programs. 

Creation 
After an application is designed, the files used in the application must be described 
and created and the various programs must be coded and compiled. Data 
description speCifications (DDS) are source statements for externally described data 
files. Control language (CL) commands and other high-level language source state
ments must be provided for the application program. 

For programs or externally described files to be created, source files containing the 
source statements are needed. The user can place source statements in a source 
file by copying them from a device file or by entering the source statements through 
SEU. SEU provides special display formats to help the user enter specifications for 
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other programs and for data description. The utility also can perform syntax 
checking on the source statements. 

The AS/400 provides the commands that are needed to create files and programs 
from the source statements contained in source files. These commands can be 
used in either interactive or batch jobs. You can also create files and programs 
through system menus or the Programmer Menu. 

Testing the application programs involves setting up a test environment that is 
similar to the implementation environment. Authorities, files, utilities, hardware, 
and a communications test network should be available. Finally, verify that the 
output, database changes, and performance are as desired. Testing is typically a 
matter of test, correct, test, and so on. 

The system includes functions that let a programmer observe operations performed 
as a program runs. These functions can be used to locate operations in the 
program that are not performing as intended. The OS/400 testing and debugging 
functions let the programmer: 

• 	 Stop a running program at any named point in the program's source statements 

• 	 Display and change information about program variables at any point 

• 	 Issue any command while the program is stopped 

• 	 Trace the use of variables in the program by recording the steps in the program 
that change the variables, and what those changes are 

The testing functions narrow the search for errors that are difficult to find in the 
program's source statements. Often, an error is apparent only because the outp.ut 
produced is not what is expected. The AS/400 system supports a CL command that 
allows the programmer to add a breakpoint anywhere in the programming code. 
The breakpoint allows the programmer to examine variable information in the 
program to see if it is correct. The programmer might want to make changes to 
those variables before letting the program continue running. Through 08/400 group 
job support, the editor can be running in one job group while the testing session is 
working in another. The programmer can specify a function key to move between 
the jobs as the need arises. 

It is extremely important that the application program be thoroughly tested. As in 
the example application, it is easy to see that undetected errors could cause data 
integrity problems and unhappy users. 

The test cases should resemble reality as closely as possible. If data exists on the 
system that will be used in the final implementation, select a subset of the data and 
copy it to a test library. (Remember to change the library list so the testing of the 
program involves only the test data.) It is also helpful to have real users contribute 
ideas to the design of the test cases. They can usually think of a few irregularities 
that the programmers, removed from the actual task, may not anticipate. 
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Implementation 
The implementation phase of the application program includes educating the users 
with the appropriate tutorials or demonstrations, planning for maintaining the appli
cation with performance and application enhancements, and identifying strategies 
for dealing with any corrections. Since the application has been designed using the 
database, work, and system management functions of the AS/400 system, updates 
and enhancements should be easy to implement. 

+ AD/Cycle Development Framework 
+ AD/Cycle is the IBM SAA application development environment. Its primary goal is 
+ to help you improve the quality and productivity of your application development 
+ and maintenance. This set of offerings for application development is based on the 

+ following: 

+ • Comprehensive set of application development tools 

+ These are grouped conceptually into sets that focus on specific development life 
+ cycle activities. The tools share product information throughout the life cycle, 
+ from requirements definition through maintenance. 

+ • Broad application development platform 

+ This platform provides tool facilities that support: 

+ Consistent user interfaces from tool to tool 
+ PS/2* work station tools \.. + Shared repository of information for development and maintenance of appli
+ cations 
+ Application development information model 
+ Common tool services 

+ • Open and extendable application development framework 

+ This framework provides both well-defined interfaces and common support func
+ tions for the tool set. To assist you with the integration of tools operating within 
+ this framework, IBM will publish specific rules and guidelines. 
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+ Figure 12-4. AD/Cycle: An Open Framework for Application Development 

+ Figure 12-4 shows that the AD/Cycle application development framework supports 
+ the traditional application development tasks that extend across a product's life 

+ cycle. Moreover, AD/Cycle integrates these tasks strategically with enterprise 
+ requirements and goals. Your actual development approach may vary from these 
+ traditional phases, but the activities are typical of those in any application develop
+ ment process. 

+ These cross life cycle facilities provide support for project managers, analysts, 
+ designers, programmers, technical writers, and testers throughout the development 
+ process in these ways: 

+ • The framework employs work station-based editors with language-sensitive 
+ capability. 

+ • Program development tools can move from the host environment to a cooper
+ ative work station environment. They can be coupled with editors and debug
+ ging tools that support unit testing from the work station. 

+ • Data structure definitions are generated from data structure design information 
+ in the repository for inclusion into source programs and generator specifica
+ tions. 

+ • Database and file definitions needed in lhe operational environment can be gen
+ erated from design information in the repository. 

+ • Display specification and generation tools are provided to assist in the creation 
+ of interactive applications. 

+ • Information about the application components created by developers is stored in 
+ the repository. This information helps in impact analysis and reuse activities. 
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+ Integrated Application Development Cycle 
+ The basic approach to application development that IBM and selected vendors 
+ support is based on the important and strategic relationship between an enter
+ prise's business requirements and the applications that support them. By inte
+ grating and synchronizing business requirements with an application's development 
+ and function, AD/Cycle promotes a more efficient, effective, and timely creation of 
+ business solutions. 

+ This integrated approach supports the following activities: 

+ • Modeling of the enterprise to reflect both the enterprise strategy and its data 
+ processing requirements 

+ • Validating the enterprise model to ensure the correctness of the requirements 

+ • Analyzing requirements and designing the applications necessary to meet those 
+ requirements based on information in the enterprise model 

+ • Prototyping the design information to revalidate the requirements and to ensure 
+ the quality and useability of the resulting applications 

+ • Producing the applications from the design information with the technology that 

+ best meets the application and business needs 

+ • Testing and maintaining the applications based on business requirements or on 
+ iterative design changes. These process and design changes are further 
+ reflected in the enterprise and design information maintained at the modeling 
+ level of AD/Cycle. 

~ + You can select from IBM and vendor tools to perform these activities, and you can 
+ begin your application development process at any level. 

+ Enterprise Modeling 
+ Enterprises are dynamic, and their processes and information requirements are 
+ ever-changing. To assist in defining and maintaining accurate, useful, and up-to
+ date application requirements that reflect this changing environment, AD/Cycle sup
+ ports an enterprise (or business) model in its repository. Moreover, IBM and other 
+ vendors supply tools for keeping this model current. These tools also include facili
+ ties for both validating the model itself and for prototyping applications from the 
+ information in the enterprise model. 

+ Analyzing and Designing the Application 
+ USing the requirements defined during the enterprise modeling activities, AD/Cycle 
+ analysis and design tools assist in developing the application design specification 
+ that support these requirements. Because there are many accepted methods for 
+ designing applications, AD/Cycle supports the integration of tools that are con
+ sistent with today's software engineering and information engineering principles. 
+ Analysis and design techniques such as decomposition diagrams, data-flow dia
+ grams, ER diagrams and data structure diagrams are all supported by AD/Cycle 
+ tools. 

+ Some tools that support these design activities provide validation of the require
+ ments and of the in-process design by prototyping the application system before 
+ going to formal implementation. This prototyping can be as basic as displaying 
+ panels and sample reports to the end user, or as sophisticated as running a sample 
+ application using detailed design specifications fed to an application generator. 
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+ Producing the Application 
+ To facilitate application production, AD/Cycle supports traditional third-generation 
+ languages such as RPG and COBOL, application generators such as the IBM Cross 
+ System Product, and emerging technologies for knowledge-based applications. The 
+ IBM Cross System Product-the application generator element of the SAA CPI- gen
+ erates applications or produces COBOL programs from information created by the 
+ design tools. Knowledge-based application-enabling products are also part of the 
+ IBM SAA strategy, and over time these products integrate into the AD/Cycle frame
+ work by using AD/Cycle information and services. In addition to functioning as inte
+ grated applications, knowledge-based systems also have the potential of creating 
+ further application development tools, which could have a significant impact on the 
+ development process. 

+ Testing, Building, and Maintaining Applications 
+ Application testing is often separated into two activities. Ifthe application system is 
+ large, programmers are usually responsible for testing the major logic paths of their 
+ programs. They may write scaffolding code to simulate inputs and capture outputs. 
+ Depending on the completeness of their modules, they may run in either a test exe
+ cution environment or a simulated environment. 

+ As application units are combined for component and final system test, AD/Cycle 

+ tools assist in the development of test cases, capture test case information, and 
+ report on the results. Test tools for interactive applications capture the activity of 

+ test sessions, allowing the same tests to be rerun for retesting of new applications 

+ and regression testing following maintenance activities. Tools also provide test 

+ coverage measurement and analysis, 

+ Building the Application: AD/Cycle includes services that allow a library adminis

+ trator to define library organizations (hierarchies of application components based 
+ on their status in the development cycle) and to establish levels of user authori

+ zation to these libraries. Other services are provided to allow authorized users to 

+ request a component and get the latest version, to move components from one level 

+ of process status to another, and to build a new version of an application system by 

+ compiling and link editing only those components that have changed. 

+ Maintenance: AD/Cycle supports maintenance by allowing designers and devel

+ opers to use the information in the repository to perform impact analysis, and then 
+ use the same tools used for a new application to apply changes to existing applica

+ tion components, typically creating new versions or modification levels. The 

+ version support in AD/Cycle assists in this activity. 

+ Maintenance of existing applications is supported at source code level if current 
+ library information is migrated into the AD/Cycle framework. 

+ Over time, AD/Cycle tools will support restructuring and reverse engineering of 

+ some existing application components, allowing design-level information to be cap
+ tured in AD/Cycle. This will greatly enhance the maintenance of older applications. 

+ Using Application Components Again: A long term goal of AD/Cycle is to support 
+ an inventory of application components so that they can be used again and again. 

+ Information on such components could be maintained in the repository. This capa

+ bility will eventually guide help you create applications from stored components as 
+ well as from components created specifically for the application. 
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+ Documentation: The development of applications often includes design, specifica
+ tion, and procedural documentation. IBM plans to provide facilities that enable the 
+ production of documentation using existing application development information, 
+ where appropriate. This support will include the ability to create documents that can 
+ be printed or displayed at the workstation. 

+ Support will also be provided in AD/Cycle for descriptive information to be stored in 
+ the repository, along with application component information. 
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Glossary 

This glossary includes terms and definitions from the 
ISO Vocabulary-Information Processing and the ISO 
Vocabulary-Office Machines, developed by the Inter
national Organization for Standardization, Technical 
Committee 97, Suocommittee 1. Definitions of pub
lished segments of the vocabularies are identified by 
the symbol (I) after the definition; definitions from draft 
international standards, draft proposals, and working 
papers in development by the ISO/TC97/SC1 vocabu
lary subcommittee are identified by the symbol (T) after 
the definition, indicating final agreement has not yet 
been reached among participating members. 

access path. The order in which records in a database 
file are organized for processing by a program. See 
arrival sequence access path and keyed sequence 
access path. 

adopted authority. Authority given to the user by the 
program for the duration of the job that uses that 
program. The program must be created with owner 
authority. 

advanced peer-to-peer networking (APPN). Data com
munications support that routes data in a network 
between two or more APPC systems that do not need to 
be adjacent. 

advanced printer function (APF). A function of the 
Application Development Tools/400 licensed program 
that allows a user to design symbols, logos, special 
characters, large characters, and forms tailored to a 
business or data processing application. The function 
supports printing of any design on the 5224 or 5225 dot 
matrix printer. 

advanced program-la-program communications 
(APPC). Data communications support that allows pro
grams on an AS/400 system to communicate with pro
grams on other systems having compatible 
communications support. APPC on the AS/400 system 
provides an application programming interface to the 
SNA LU type 6.2 and node type 2.1 architectures. 

alert. In SNA, a record sent to a focal point to identify 
a problem or an impending problem. 

American National Standard Code for Information Inter
change (ASCII). The code developed by the American 
National Standards Institute for information exchange 
among data processing systems, data communications 
systems, and associated equipment. The ASCII char
acter set consists of 7-bit control characters and sym
bolic characters, plus one parity bit. 

APF. See advanced printer function (APF). 

API. See application program interface (API). 

APPC. See advanced program-to-program communi
cations (APPC). 

application program. A program used to perform a 
particular data processing task, such as inventory 
control or payroll. 

application program interface (API). A functional inter
face supplied by the operating system or a separately 
orderable licensed program that allows an application 
program written in a high-level language to use specific 
data or functions of the operating system or the 
licensed program. 

application requester. The source of a request to a 
remote relational database management system 
(DBMS). 

application server. The target of a request from an 
application requester. The database management 
system (DBMS) at the application server site provides 
the data. 

APPN. See advanced peer-to-peer networking (APPN). 

arrival sequence access path. An access path to a 
database file that is arranged according to the order in 
which records are stored in the physical file. See also 
keyed sequence access path and access path. 

ASCII. See American National Standard Code for Infor
mation Interchange (ASCII). 

ASP. See auxiliary storage pool (ASP). 

authority holder. An object that specifies and reserves 
an authority for a program-described database file 
before the file is created. When the file is created, the 
authority specified in the holder is linked to the fife. 

authorization fist A list of two or more user IDs and 
their authorities for system resources. The system
recognized identifier for the object type is • AUTL. 

autostart job. A job doing repetitive work or one-time 
initi alization work that is associated with a particular 
subsystem. The autostart jobs associated with a sub
system are automatically started each time the sub
system is started. 

auxiliary storage. All addressable disk storage other 
than main storage. Contrast with main storage. 

auxiliary storage pool (ASP). A group of units defined 
from the disk units that make up auxiliary storage. 
ASPs provide a means of isolating certain objects on 
specific disk units to prevent the loss of data due to 
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disk media failures on other disk units. See also 
system ASP, and user ASP. 

basic rate interface (SRI). In ISDN, an interface that 
provides two 64 000 bps data channels (S-channels) 
and one 16 000 bps signaling channel (D-channel). 
Also known as 2B + O. 

batch. Pertaining to a group of jobs to be run on a 
computer sequentially with the same program with little 
or no operator action. Contrast with interactive. 

batch job. A predefined group of processing actions 
submitted to the system to be performed with little or 
no interaction between the user and the system. Con
trast with interactive job. 

binary synchronous communications (BSC). A data 
communications line protocol that uses a standard set 
of transmission control characters and control char
acter sequences to send binary-coded data over a com
munications line. See also synchronous data link 
control (SOLC). 

binary synchronous communications equivalence link 
(SSCEL) support. The intersystem communications 
function (ICF) support on the AS/400 system that pro
vides binary synchronous communications with another 
AS/400 system, System/36, System/38, and many other 
SSC computers and devices. 

SRI. See basic rate interface (BRI). 

SSC. See binary synchronous communications (BSC). 

SSC 3270 device emulation. A function of the oper
ating system that allows an AS/400 system to appear to 
a SSC host system as a 3274 Control Unit. 

BSCEL support. See binary synchronous communi
cations equivalence link (BSCEL) support. 

bus. One or more conductors used for transmitting 
signals or power. 

ccrn. The International Telegraph and Telephone 
Consultative Committee. 

CCS. See Common Communications Support (CCS). 

CGU. See character generator utility (CGU). 

character generator utility (CGU). A function of the 
Application Development Tools/400 licensed program 
that is used to define and maintain user-defined double
byte characters and related sort information. 

checksum protection. A function that protects data 
stored in the system auxiliary storage pool from being 
lost because of the failure of a single disk. When 
checksum protection is in effect and a disk failure 
occurs, the system automatically reconstructs the data 

when the system program is loaded after the device is 
repaired. 

CL. See control language (CL). 

coexistence. The ability of different types of systems 
to support a program. 

command. A statement used to request a function of 
the system. A command consists of the command 
name abbreviation, which identifies the requested func
tion, and its parameters. 

command definition. An object that contains the defi
nition of a command (including the command name, 
parameter descriptions, and validity-checking informa
tion) and identifies the program that performs the func
tion requested by the command. The 
system-recognized identifier for the object type is 
·CMD. 

command prompt. A displayed character (or string of 
characters) that indicates that a user may enter a 
command to be processed. 

commit To make all changes permanent that were 
made to one or more database files since the last 
commit or rollback operation, and make the changed 
records available to other users. 

commitment control. A means of grouping database 
file operations that allows the processing of a group of 
database changes as a single unit through the Commit 
command or the removal of a group of database 
changes as a single unit through the Rollback 
command. 

Common Communications Support (CCS). The 
Systems Application Architecture (SAA) component that 
defines architectures and protocols that interconnect 
!\ystems and devices in an SAA environment and allow 
data to be interchanged among them. 

Common Programming Interface (CPI). In the Systems 
Application Architecture (SAA) solution, a set of soft
ware interfaces. conventions, and protocols that 
provide a framework for writing applications with 
cross-system consistency. 

Common User Access (CUA). A Systems Application 
Architecture (SAA) specification that gives a series of 
guidelines describing the way information should be 
displayed on a screen, and the interaction techniques 
between users and computers. 

communications line. The physical link (such as a wire 
or a telephone circuit) that connects one or morework 
stations to a communications controller, or connects 
one controller to another. 

connection list. An AS/400 communications object for 
ISDN that provides a list of information used to deter
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mine when to accept incoming calls and what informa
tion to send with outgoing calls. 

control language (Cl). The set of all commands with 
which a user requests system functions. 

control language (Cl) program. A program that is 
created from source statements consisting entirely of 
control language commands. 

cooperative processing. Processi ng that accomplishes 
the work of an application by running various parts of 
the application on different processors. Cooperative 
processing allows application programmers to match 
tasks to the processor that can best perform the task. 

CPl. See Common Programming Interface (CPI). 

Cross System ProducUApplication Execution 

(CSP/AE). A licensed program used to run an applica

tion using the information produced by generation. The 

application definitions are compatible across the envi

ronments in which CSP/AE operates (CICSNS OS and 

DOS, MVS/TSO, VM/SP CMS, Distributed Processing 

Programming Executive/System Product, PC/DOS, 

Operating System/2 Extended Edition, and the Oper

ating System/400 licensed program). 


cross-reference listing. The part of the compiler 

listing that tells where files, fields, and indicators are 

defined, referred to, and changed in a program. 


CSP/AE. See Cross System Product/Application Exe
cution (CSP/ AE). 

CUA. See Common User Access (CUA). 

current library. The library that is specified to be the 
first user library searched for objects requested by a 
user. The name for the current library can be specified 
on the Sign-On display or in a user profile. When you 
specify an object name (such as the name of a file or 
program) on a command, but do not specify a library 
name, the system searches the libraries in the system 
part of the library list, then searches the current library 
before searching the user part of the library list. The 
current Ii brary is al so the library that the system uses 
when you create a new object. if you do not specify a 
library name. 

data area. A system object used to communicate data, 
such as Cl variable values between the programs 
within a job and between jobs. The system-recognized 
identifier for the data area is 'DTAARA. 

data description specifications (~~S). A description of 
the user's database or device files that is entered into 
the system in a fixed form. The description is then 
used to create files. 

data file. (1) A group of related data records organ
ized in a specific order. A data file can be created by 

the specification of FILETYPE(-DATA) on the create 
commands. Contrast with source file. (2) In BASIC, 
the table containing the values from the DATA state
ments of a program. (3) In RJE, a remote job input 
stream that can contain host system commands and job 
control language as well as data. Contrast with 
command file. 

data management. The part of the operating system 
that controls the storing and accessing of data to or 
from an application program. The data can be on 
internal storage (for example, database), on external 
medi a (di skette, tape, or pri nter), or on another system. 

data queue. An object that is used to communicate 
and store data used by several programs in a job or 
between jobs. The system-recognized identifier is 
*DTAO. 

data/text merge. In OfficeVision/400 and Ouery/400, 
the process of combining data from a file or another 
document (such as names and addresses) with the text 
of a document (such as a form letter). 

database. All the data files stored in the system. 

database file. One of several types of the system 
object type 'FILE kept in the system that contains 
descriptions of how input data is to be presented to a 
program from internal storage and how output data is 
to be presented to internal storage from a program. 
See also physical file and logical file. 

OBCS. See double-byte character set (OBCS). 

DOM file. A system object with type 'FILE, created by 
a user on the local (source) system, that identifies a 
data file that is kept on a remote (target) system. The 
DDM file provides the information needed for a local 
system to locate a remote system and to access the 
data in the remote data file. 

~~S. See data description specifications (~~S). 

dedicated service tools (DST). The part of the service 
function used to service the system when the operating 
system is not working. 

device configuration. The physical placement of 
display stations, printers, and so forth; and the config
uration descriptions that describe the physical config
uration to the system and describe how the 
configuration will be used by the system. 

device file. One of several types of the system object 
type 'FILE. A device file contains a description of how 
data is to be presented to a program from a device or 
how data is to be presented to the device from the 
program. Devices can be display stations, printers, 
diskette units, tape units, or remote systems. 

OFM. See distributed file management. 
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OHCF. See distributed host command facility (DHCF). 

diskette unit. A physical enclosure containing one or 
more diskette drives. 

display station. A device that includes a keyboard 
from which an operator can send information to the 
system and a display screen on which an operator can 
see the information sent to or the information received 
from the system. 

display station pass-through. A communications func
tion that allows a user to sign on to one system (either 
an AS/400 system, System/38, or System/36) from 
another system (either an AS/400 system, System/38, 
or System/36) and use that system's programs and 
data. Sometimes called pass-through. 

distributed file management (DFM). A function of the 
operating system that allows an application program or 
user on one system to use database files stored on 
remote systems. The systems must be connected by a 
communications network, and the remote systems must 
also be using DFM. 

distributed host command facility (DHCF). A function 
of the operating system that supports the data link 
between a System/370 terminal using an AS/400 appli
cation in an HCF (Host Command Facility) environment. 

Distributed Relational Database Architecture (ORDA). 
A connection protocol for distributed relational data
base processing that IBM's relational database pro
ducts use. DRDA comprises protocols for 
communication between an application and a remote 
database, and communications between databases. 
DRDA provides the connections for remote and distrib
uted processing. DRDA is built on the Distributed Data 
Management Architecture. 

distributed systems node executive (DSNX). A function 
of the operating system that receives and analyzes 
requests from the NetView Distribution Manager 
licensed program on a host system. If the request is 
directed to the system that receives it, the request is 
processed on that system or on a personal computer 
directly attached to that system. If the request is 
intended for a different system, it is routed toward its 
destination. 

document. Any collection of data stored in a document 
object. All documents and folders on a single AS/400 
system make up the document library. A document can 
contain any type of data stored in it by an application. 
For example, the OfficeVision/400 application can store 
notes, memos, reports, and other items; the PC 
SupporV400 shared folders application can store any 
data that could otherwise be stored in a PC file; an 
AS/400 application can store any data into a document 
by using CL commands, such as FILDOC and RPLDOC. 
The system-recognized identifier for the object type is 
'DOC. Synonymous with document library object. 

document library services. The system support that 
lets office users man<lge the contents of the document 
library. 

double-byte character set (OBCS). A set of characters 
in which each character is represented by 2 bytes. 
Languages such as Japanese, Chinese, and Korean, 
which contain more symbols than can be represented 
by 256 code points, require double-byte character sets. 
Because each character requires 2 bytes, the typing, 
displaying, and printing of DBCS characters requires 
hardware and programs that support DBCS. Four 
double-byte character sets are supported by the 
system: Japanese, Korean, Simplified Chinese, and 
Traditional Chinese. Contrast with single-byte char
acter set. 

DRDA. See Distributed Relational Database Architec
ture (DRDA). 

DSNX. See distributed systems node executive 
(DSNX). 

DST. See dedicated service tools (DST). 

end node. In SNA, a node in an APPN network that can 
be a source or target node, but does not provide any 
routing or session services to any other node. 

error log. A record of machine checks, device errors, 
and media statistics. 

Ethernet A type of local area network that is sup
ported by the Operating System/400 licensed program. 

extended help. Help that explains the purpose of the 
display. Extended help appears if the user presses the 
Help key when the cursor is outside the areas for which 
contextual help is available. 

externally described data. Data contained in a file for 
which the fields and the records are described outside 
of the program (such as with files created by DDS, 
IDDU, or the SM SQU400 licensed program) that pro
cesses the file. Contrast with program-described data. 

field level specifications. In DDS, specifications coded 
on the same line as a field name or on lines imme
diately following a field name. See also file level spec
ifications, record level specifications, and help level 
specifications. 

file. A generic term for the object type that refers to a 
database file, a device file, or a save file. The system
recognized identifier for the object type is 'FILE. 

file description. The description of a file and its con
tents. 

file level specifications. In DDS, specifications coded 
on the lines before the first record format name. See 
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also field level specifications, record level specifica
tions, and help level specifications. 

File Transfer Protocol (FTP). In TCPIIP, an application 
protocol used for transferring files to and from host 
computers. FTP requires a user 10 and possibly a 
password to allow access to files on a remote host 
system. FTP assumes that the Transmission Control 
Protocol is the underlying protocol. 

file transfer support. A function of the operating 
system that moves file members from one system to 
another by using asynchronous, APPC, or BSCEL com
munications support. 

file transfer, access, and management (FTAM). The 
OSI standard for transferring files between nodes. 

fill-in document. In OfficeVision/400, a document that 
allows a user to merge data into documents without 
using Ouery/400. 

finance communications. The data communications 
support that allows programs on an AS/400 system to 
communicate with programs on finance controllers, 
using the SNA LU session type 0 protocol. 

folder. A directory for documents. A folder is used to 
group related documents and to find documents by 
name. The system-recognized identi fier for the object 
type is 'FLR. Compare with library. 

folder path. A folder name, followed by one or more 
additional folder names, where each preceding folder 
is found. 

FTAM. See file transfer, access, and management 
(FTAM). 

FTP. See File Transfer Protocol (FTP). 

general-purpose library. The library shipped with the 
system that contains IBM-provided objects required for 
many system functions and user-created objects that 
are not explicitly placed in a different library when they 
are created. Named OGPL 

graphic character set. A set of graphic characters in a 
code page. 

group job. One of up to sixteen interactive jobs that 
are associated in a group with the same work station 
device and user. 

group prorne. A user profile that provides the same 
authority to a group of users. 

help level specifications. In a display file, data 
description specifications coded between the record 
and field level that define areas on the screen and 
associ ate help information with those areas. See al so 

file level specifications, field level specifications, and 
record level specifications. 

high-level language (HLL). A programming language. 
such as RPG, BASIC, PUI, Pascal, COBOL, and C used 
to write computer programs. 

HLL. See high-level language (HLL). 

hypertext. A weblike structure of nonlinear informa
tion nodes linked together by author-defined associ
ations that allow users to freely select nodes of 
interest. 

110. See input/output. 

110 controller. See input/output controller (lOC). 

110 processor. See input/output processor (lOP). 

IBM Application Development Tools/400. The IBM 
licensed program that provides an integrated set of 
application development tools, or utilities, to be used 
by programmers, analysts, and support personnel. 
This package includes the following utilities: program
ming development manager (POM), source entry utility 
(SEU). screen design aid (SOA), data file utility (OFU). 
report layout utility (RLU), and advanced printer func
tion (APF). In addition, the character generator utility 
(CGU) is added to the package if the user's system sup
ports the double-byte character set (OBCS). 

IBM Operating System/2 (OS/2). Pertaining to the IBM 
licensed program that can be used as the operating 
system for personal computers. The OS/2 licensed 
program can perform multiple tasks at the same time. 

IBM PC Supportl400. The IBM licensed program that 
provides system functions to an attached personal 
computer. 

IBM Performance Tools/400. The IB M licensed 
program that allows a user to collect performance data, 
display performance data, print performance reports. 
and perform capacity planning. 

IBM 5AA Operating Systeml400 (05/400). Pertaining 
to the IBM licensed program that can be used as the 
operating system for the AS/400 system. 

IBM 5AA SQLl400. Pertaining to the IBM licensed 
program that is the Systems Application Architecture 
(SAA) platform of SOL 

ICF. See intersystem communications function (ICF). 

IDDU. See interactive data definition utility (/DOU). 

index search. The portion of the online help informa
tion that allows a user to select help topics that provide 
additional conceptual help. The system-recognized 
identifier for the object type is ·SCHIDX. 
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initial program load (IPL). The process that loads the 
system programs from the system auxiliary storage, 
checks the system hardware, and prepares the system 
for user operations. 

inpuUoutput. Data provided to the computer or data 
resulting from computer processing. 

inpuUoutput controller (IOC). A functional unit that 
combines the I/O processor and one or more I/O 
adapters, and directly connects and controls one or 
more input or output devices. 

inpuUoutput processor (lOP). A functional unit or the 
part of an I/O controller that processes programmed 
instructions and controls one or more input/output 
devices or adapters. 

integrated services digital network (ISDN). A specifi
cation of the CCITI that defines a non-SNA network that 
can provide voice, data, and image over the same com
munications line. See also basic rate interface (BR'). 

interactive. Pertaining to the exchange of information 
between people and a computer. Contrast with batch. 

interactive data definition utility (IDDU). A function of 
the operating system that can be used to externally 
define the characteristics of data and the contents of 
files. 

interactive job. A job started for aperson who signs 
on to a work station. Contrast with batch job. 

interactive terminal facility (ITF). An asynchronous 
communications function that allows an AS/400 system 
to communicate with applications that can send and 
receive data, such as electronic mail, memos, library 
members, and data files. 

intersystem communications function (ICF). A function 
of the operating system that allows a program to com
municate interactively with another program or system. 

IOC. See input/output controller (lOC). 

lOP. See input/output processor (fOP). 

IPL. See initial program load (IPL). 

ISDN. See integrated services digital network ('SON). 

ITF. See interactive terminal facility (lTF). 

job description. A system object that defines how a job 
is to be processed. The object name is 'JOBD. 

job queue. An object that contains a list of batch jobs 
waiting to be processed by the system. The system
recognized identifier for the object type is 'JOBQ. 

journal. A system object used to record entries in a 
journal recei ver when a change is made to the data
base files associated with the journal. The object type 
is 'JRN. See al so journal receiver. 

journal receiver. A system object that contains journal 
entries recorded when changes are made to the data in 
database files or the access paths associated with the 
database files. The object type is 'JRNRCV. See also 
journal. 

keyed sequence. An order in which records are 
retrieved that is based on the contents of key fields in 
records. 

keyed sequence access path. An access path to a 
database file that is arranged according to the contents 
of key fields contained in the individual records. See 
also arrival sequence access path and access path. 

LAN. See local area network (LAN). 

library. (1) A system object that serves as a directory 
to other objects. A library groups related objects, and 
allows the user to find objects by name. The system
recognized identifier for the object type is 'UB. 
Compare with folder and document library. (2) The set 
of publications for a system. 

library list. A list that indicates which libraries are to 
be searched and the order in which they are to be 
searched. The system-recognized identifier is 'UBL 

licensed program. A separately orderable program, 
supplied by IBM, that performs functions related to pro
cessing user data. Examples of licensed programs are 
PC Support/400, SAA COBOU400, Application Develop
ment Tools/400, OfficeVision/400, and so on. 

link level. (1) In SNA, the combination of the trans
mission connection, protocol, devices, and program
ming joining network nodes. (2) A part of 
Recommendation X.2S that defines the link protocol 
used to get data into and out of the network across the 
duplex line connecting the subscriber's equipment to 
the network. 

local area network (LAN). The physical connection 
that allows the transfer of information among devices 
located on the same premises. 

local work station. A work station that is connected 
directly to the system witl10ut a need for data trans
mission functions. Contrast with remote work station. 

logical file. A description of how data is to be pre
sented to or received from a program. This type of 
database file contains no data, but it defines record 
formats for one or more physical files. See also data
base file. Contrast with physical file. 
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logical unit (LU). In SNA, one of three types of network 
addressable units that serve as a port through which a 
user accesses the communications network. See also 
physical unit. 

LU. See logical unit (LU). 

machine interface (MI). The interface, or boundary, 
between the operating system and the licensed internal 
code. 

main storage pool. A division of main storage, whicb 
allows the user to reserve main storage for processing 
a job or group of jobs, or to use the pools defined by 
the system. Contrast with auxiliary storage pool. 

member. Different sets of data, each with the same 
format, within one database file. 

menu. (1) An object that contains a list of available, 
logically grouped functions for selection by an oper
ator. The system-recognized identifier for the object 
type is *MENU. (2) In SQL., a displayed list of avail
able, logically grouped functions for selection by the 
operator. 

message queue. A list on which messages are placed 
when they are sent to a user 10 or device description. 
The system-recognized identifier for the object type is 
*MSGQ. 

MI. See machine interface (MI). 

mirrored protection. A function that protects data by 
duplicating all disk data in an auxiliary storage pool 
(ASP) to another disk unit (mirrored unit) in the same 
ASP. If a disk failure occurs, the system keeps running. 
using the mirrored unit of the mirrored pair until the 
disk unit is repaired or replaced. 

mode. The session limits and common characteristics 
of the sessions associated with advanced-program-to
program communications (APPC) devices managed as 
a unit with a remote location. 

Multiple Virtual Storage (MVS). An alternative name 
for OSNS2. See also operating system and virtual 
storage (VS). 

MVS. See Multiple Virtual Storage (MVS). 

national language support (NLS). The modification or 
conversion of a United States English product to 
conform to the requirements of another language or 
country. This can include the enabling or retrofitting of 
a product and the translation of nomenclature, online 
information, or documentation of a product. 

NetView Distribution Manager. A licensed program 
available for IBM host systems (System/370, 43xx, and 
30xx computers) that allows the host system to use, 

send, and delete files and programs in a network of 
computers. 

NetView OM. See NetView Distribution Manager. 

network. A collection of data processing products con
nected by communications lines for exchanging infor
mation between stations. 

network interface description. An AS/400 communi
cations object that represents the physical interface to 
the ISDN. The network interface description must be 
configured in addition to the line, controller, and 
device. 

network routing facility (NRF). A function of the oper
ating system running in a Network Control Program 
that uses a System/370 backbone network. The 
network routing facility provides primary logical unit 
support and a path for data between a display station 
and an application without using the Systemf370 host 
system. 

NLS. See national language support (NLS). 

node. (1) One of the systems or devices in a network. 
(2) A location in a communications network that pro
vides host-processing services. (3) An information unit 
containing information about a single topic and linked 
to one or more other nodes. (4) For APPN, see end 
node. 

NRF. See network routing facility (NRF). 

object. (1) A named storage space that consists of a 
set of characteristics that describe itself and, in some 
cases, data. An object is anything that exists in and 
occupies space in storage and on which operations can 
be performed. Some examples of objects are pro
grams, files, libraries, and folders. (2) In SQL., any
thing that can be created or manipulated with SQL 
statements, such as databases, tables, views, or 
indexes. 

object authority. A specific authority that controls what 
a system user can do with an entire object. For 
example, object authority includes deleting, moving, or 
renaming an object. There are three types of object 
authorities: object operational, object management, 
and object existence. 

object distribution. A function that allows a user to 
send source and data files, save files, job streams, 
spooled files, and messages to another user, either 
locally or on an SNADS network. 

object management authority. An object authority thaI 
allows the user to specify the authority for the object, 
move or rename the object, and add members to data
base files. 
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object name. The name of an object. Contrast with 
qualified name. 

open systems interconnection (OSI). (1) The intercon
nection of open systems in accordance with speci fic 
ISO standards. (T) (2) The set of standards defined by 
ISO that define how systems from different vendors 
communicate. (3) The use of standardized procedures 
to enable the interconnection of data processing 
systems. 

Note: 051 architecture establishes a framework for 
coordinating the development of current and 
future standards for the interconnection of com
puter systems. Network functions are divided 
into seven layers. Each layer represents a 
group of related data processing and communi
cation functions that can be carried out in a 
standard way to support different applications. 

0512. See IBM Operating System/2 (OS/2). 

05/400. See IBM SAA Operating System/400 (OS/400). 

OSI. See open systems interconnection (OSI). 

output queue. An object that contains a list of spooled 
files to be writlen to an output device, such as a printer 
or a diskette. The system-recognized identifier for the 
object type is ·OUTO. 

override. (1) To specify attributes at run time that 
change the attributes specified in the fite description or 
in the program. (2) The attributes specified at run time 
that change the attributes specified in the file 
description or in the program. 

paragraphs document. In OfficeVision/400, a docu
ment that contains a paragraph or paragraphs that can 
be combined to create other documents. 

pass-through. See display station pass-through. 

PC Support. See IBM PC Support/400. 

performance monitor. A function of the operating 
system that observes system and device activity, and 
records these observations in a database file. 

physical file. A description of how data is to be pre
sented to or received from a program and how data is 
actually stored in the database. A physical file contains 
one record format and one or more members. See also 
database file. Contrast with logical file. 

physical unit (PU). In SNA, one of three types of 
network addressable units. A physical unit exists in 
each node of an SNA network to manage and monitor 
the resources (such as attached links and adjacent link 
stations) of a node, as requested by a system services 
control point logical unit (SSCP-LU) session. 
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prestart job. A job that starts running before the 
remote proqram sends a program start request. 

private authority. The authority specifically given to a 
user for an object that overrides any other authorities, 
such as the authority of a user's group profile or an 
authorization list Contrast with public authority. 

problem analysis. The process of finding the cause of 
a problem. For example, a program error, device 
error, or user error. 

problem log. A record of problems and of the status of 
the analysis of those problems. 

program. A sequence of instructions that a computer 
can interpret and run. The system-recognized identi
fier for the object type is ·PGM. 

program temporary fix (PTF). A temporary solution to, 
or bypass of, a defect in a current release of a licensed 
program. 

program.described data. Data contained in a file for 
which the fields in the records are described in the 
program that processes the file. Contrast with 
externally described data. 

PTF. See program temporary fix. 

JPU. See physical unit (PU). 

public authority. The authority given to users who do 
not have any specific (private) authority to an object, 
who are not on the authorization list (if one is specified 
for the object), and whose group profile has no specific 
authority to the object. Contrast with private authority. 

QGPL. See general-purpose library. 

qualified name. The name of the library containing the 
object and the name of the object Contrast with object 
name. 

query. A request to select and copy from a file or files 
one or more records based on defined conditions. For 
example, a request for a list of all customers in a cus
tomer master file, whose balance is greater than $1000. 

queue. A list of messages, jobs, files, or requests 
waiting to be read, processed, printed, or distributed in 
a predetermined order. 

record. A group of related data, words, or fields 
treated as a unit, such as one name, address, and tele
phone number. 

record level specifications. Data description specifica
tions coded on the same line as a record format name 
or on lines immediately following a record format name 
(until the first field is specified). See also field level 
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specifications, file level specifications, and help level 
specifica lions. 

remote job entry (RJE). A function of the Communi
cation Utilities/400 licensed program that allows a user 
to submit a job from a display station on the AS/400 
system to a System/370-type host system. 

remote system. Any other system in the network with 
which your system can communicate. 

remote work station. A work station that is connected 
to the system by data communications. Contrast with 
local work station. 

requester. In PC Supportl400, a program that requests 
services from another program (a server). Each PC 
Supportl400 function has a server and a requester. 

retail communications. The data communications 
support that allows programs on an AS/400 system to 
communicate with programs on point-of-sale systems, 
using SNA LU session type 0 protocol. 

retail pass-through. An OS/400 system program that 
supports routing of user data between a 
System/370-type host processor and a retail controller 
using a single AS/400 system. Both the SNA upline 
facility and the retail communications support use sep
arate intersystem communications function sessions. 

RJE. See remote job entry (RJ£). 

routing entry. An entry in a subsystem description that 
specifies the program to be called to control a routing 
step that runs in the subsystem, 

RPG/400. See IBM SAA RPG1400. 

save file. A file allocated in auxiliary storage that can 
be used to store saved data on disk (without requiring 
diskettes or tapes), to do 1/0 operations from a high
level language program, or to receive objects sent 
through the network. The system-recognized identifier 
for the object type is 'FILE. 

secs. See single-byte character set (SBCS). 

screen design aid (SOA). A function of the Application 
Development Tools/400 licensed program that helps 
the user design, create, and maintain displays and 
menus. 

SOA. See screen design aid (SOA). 

SOLC. SeE> synchronous data link control (SOLC). 

SEU. See source entry ulility (SEU). 

shell document. In OfficeVision/400, a prearranged 
document (report, letter, memo, or note) where the 
user inserts variable information. An example of a 

shell document is a form letter, to which the user adds 
the receiver's name, address, and personal salutation. 

Simple Mail Transfer Protocol (SMTP). In TCP/lP, an 
application protocol for trclllsferring mail among users 
in the internet environment. SMTP specifies the mail 
exchange sequences and message formal. SMTP 
assumes that the Transmission Control Protocol is the 
underlying protocol. 

single-byte character set (SeCS). A character set in 
which each character is represented by a one-byte 
code. Contrast with double-byte character set. 

SMTP. See Simple Mail Transfer Protocol (SMTP). 

SNA. See Systems Network Architecture (SNA). 

SNA distribution services (SNAOS). An IBM asynchro
nous distribution service that defines a set of rules to 
receive, route, and send electronic mail in a network of 
systems. 

SNA upline facility (SNUF). The communications 
support that allows the AS/400 system to communicate 
with CICSIVS and IMSNS application programs on a 
host system. For example, DHCF communicates wilh 
HCF and DSNX communicates with NetView Distribu
tion Manager. 

SNAOS. See SNA distribution services (SNA OS) , 

SNUF. See SNA upline facility (SNUF). 

source entry utility (SEU). A function of the Application 
Development TooIs/400 licensed program that is used 
to create and change source members. 

source file. A file of programming code that is not 
compiled into machine language. Contrast with data 
file. 

source system. In communications, the system that 
issues a request to establish communications with 
another system. 

special authority. The types of authority a user can 
have to perform system functions, including all object 
authority, save system authority, job control authority, 
security administrator authority, spool control 
authority, and service authority. Contrast with specific 
authority. 

specific authority. The types of authority a user can be 
given to use the system resources, including object 
authorities and data authorities, See also object 
authority. Contrast with special authority. 

spool. The system function of putting files or jobs into 
disk storage for later processing or printing. 

SQL, See Structured Query Language (SQL). 
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SQLl400. See IBM SAA SQLl400. 

SST See system service loafs (SST). 

stop code. In OfficeVision/400, a position marked in a 
document where you can insert variable information. 

storage pool. A logical division of storage reserved for 
processing a job or group of jobs. 

structure. In P UI, a collection of data items that need 
not have identical attributes. 

Structured Query Language (SQL). A language that 
can be used within host programming languages or 
interactively to put information into a database and to 
get and organize selected information from a database. 
SQL can also control access to database resources. 
See also IBM SAA SQLl400. 

subsystem. (1) An operating environment, defined by 
a subsystem description, where the system coordinates 
processing and resources. (2) An informal name for 
the IBM OSIICommunications Subsystem/400 licensed 
program. 

subsystem description. A system object that contains 
information defini ng the characteristics of an operating 
environment controlled by the system. The system
recognized identifier for the object type is ·SBSD. 

synchronous data link control (SOLC). (1) A form of 
communications line control that uses commands to 
control the transfer of data over a communications line. 
(2) A communications discipline conforming to subsets 
of the Advanced Data Communication Control Proce
dures (ADCCP) of the American National Standards 
Institute (ANSI) and High-Level Data Link Control 
(HDLC) of the International Standards Organization 
(ISO), for transferring synchronous, code-transparent, 
serial-by-bit information over a communications line. 
Transmission exchanges may be duplex or half-duplex 
over switched or nonswitched lines. The configuration 
of the connection may be point-to-point, multipoint, or 
loop. Compare with binary synchronous communi
cations (BSC). 

system ASP. The auxiliary storage pool where system 
programs and data reside. It is the storage pool used if 
a storage pool is not defined by the user. See also aux
iliary storage pool and user ASP. 

system distribution directory. A list of user IDs and 
identifying information, such as network addresses, 
used to send distributions. 

system library. The library shipped with the system 
that contains objects, such as authorization lists and 
device descriptions created by a user; and the licensed 
programs, system commands, and any other system 
objects shipped with the system. The system identifier 
is QSYS. 

system security. A system function that restricts the 
use of files, libraries, folders, and devices to certain 
users. 

system service tools (SST). The part of the service 
function used to service the system while the operating 
system is running. 

system value. Control information for the operation of 
certain parts of the system. A user can change the 
system value to define his working environment. 
System date and library list are examples of system 
values. 

System/36 environment. A function of the operating 
system that processes most of the System/36 operator 
control language (OCL) statements and procedure 
statements to run System/36 application programs and 
allows the user to process the control language (Cl) 
commands. Contrast with Systeml38 environment. 

System/38 environment. A function of the operating 
system that processes most of the System/38 control 
language (CL) statements and programs to run 
System/38 application programs. Contrast with 
Sysleml36 environment. 

Systems Network Architecture (SNA). In IBM net
works, the description of the layered logical structure, 
formats, protocols, and operational sequences that are 
used for transmitting information units through net
works, as well as controlling the configuration and 
operation of networks. 

Systems Network Architecture distribution services. 
See SNA distribution services (SNAOS). 

tape unit The physical enclosure containing the tape 
drive. 

target system. The system that receives a request 
from another system to establish communications. 

TCPIIP. See Transmission Control Protocol/Internet 
Protocol (TCPIIP). 

TOLC. See twinaxial data link control (TOLC). 

technical information exchange (TIE). A part of the 
electronic customer support function that allows a user 
to send files to and receive files from an IBM support 
system, and to search for information on an IBM 
support system. The files are sent and received 
through an IBM Information Network. 

TELNET, In TCPIIP, an application protocol that allows 
a user at one site to access a remote system as if the 
user's displ ay station were locally attached. TELN ET 
uses the Transmission Control Protocol as the under
lying protocol. 
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temporary library. A library that is automatically 
created for each job to contain temporary objects that 
are created by the system for that job. The objects in 
the temporary library are deleted when the job ends. 
The system name for temporary library is QTEMP. 

TIE. See technical information exchange (TIE). 

token-ring network. A local area network that sends 
data in one direction throughout a specified number of 
locations by using the symbol of authority for control of 
the transmission line, called a token, to allow any 
sending station in the network (ring) to send data when 
the token arrives at that location. 

Transmission Control Protocol/Internet Protocol 
(TCPIIP). A set of vendor-independent communi
cations protocols that support peer-to-peer connectivity 
functions for both local and wide area networks. 

twinaxial data link control (TOLC). A communications 
function that allows personal computers, which are 
attached to the work station controller by twinaxial 
cable, to use advanced program-ta-program communi
cations (APPC) or advanced peer-to-peer networking 
(APPN). 

UIM. See user interface manager (UIM). 

uninterruptible power supply. A source of power from 
a battery installed between the commercial power and 
the system that keeps the system running, if a commer
cial power failure occurs, until it can complete an 
orderly end to system processing. 

user ASP. One or more auxiliary storage pools used 
to isolate some system objects from the other system 
objects stored in the system ASP. See also auxiliary 
storage pool (ASP) and system ASP. 

user 10. See user identification (user 10). 

user interface manager (UIM). A function of the oper
ating system that provides a consi stent user interface 
by providing comprehensive support for defining and 
running panels and dialogs. 

user profile. An object with a unique name that con
tains the user's password, the list of special authorities 
assigned to a user, and the objects the user owns. The 
system-recognized identifier for the object type is 
·USRPRF. 

validity checking. To verify the contents of a field. 

virtual printer. In PC SupportJ400, a printer attached to 
a host system that can receive output from a personal 
computer for printing. A virtual printer allows you to 
use a printer attached to the host system as though the 
printer were directly attached to a personal computer. 

virtual storage (VS). An addressing scheme that 
allows external disk storage to appear as main storage. 

virtual terminal manager (VTM). A VUC component 
that provides an interface to handle input/output to 
virtual devices on the AS!400 system. 

VM/MVS bridge. A function of the Communication 
Utilities/400 licensed program that provides distribution 
services between an AS/400 SNADS network and both 
a VM/370 Remote Spooling Communications Sub
system (RSCS) network and a Multiple Virtual 
Storage/Job Entry Subsystem (MVS/JES) network. For
merly known as RSCS/PROFS bridge. 

VS. See virtual storage (VS). 

VTM. See virtual terminal manager (VTM). 

work entry. An entry in a subsystem description that 
specifies the source from which jobs can be accepted 
for processing in the subsystem. 

work station. A device used to transmit information to 
or receive information from a computer; for example, a 
displ ay station or printer. 

work station entry. An entry in a subsystem 
description that specifies the work stations from which 
users can sign on to the subsystem or from which inter
active jobs can transfer to the subsystem. 

work station user profile. The system-supplied user 
profile that has the authority required by work station 
operators. Named QUSER. 

X.21. In data communications, a specification of the 
CCllI that defines the connection of data terminal 
equipment to an X.21 (public data) network. 

X.2S. A CCIlI Recommendation that defines the phys
icallevel (physical layer), link level (data link layer), 
and packet level (network I ayer) of the OSI reference 
model. An X.25 network is an interface between data 
terminal equipment (DTE) and data circuit-terminating 
equipment (DCE) operating in the packet mode, and 
connected to public data networks by dedicated cir
cuits. X.25 networks use the connection-mode network 
service. 

3270 device emulation. The operating system support 
that allows an AS/400 system to appear as a 3274 
Control Unit in a BSC multipoint network or an SNA 
network. 

3270 display emulation. The function of the operating 
system 3270 device emulation support that converts 
3270 data streams intended for a 3278 display station 
into data streams that can be recognized by a display 
station attached to the AS/400 system. 
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3270 display station. Any display station, attached by 5250 display station. Any display station, attached by 
coaxial cable, that uses 3270 data streams. twinaxial cable, that uses 5250 data streams. 
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delete 4-10 

end-of-data (FEOD) 4-10 

input/output 4-9 

libraries 2-11 

objects 2-11 

open 4-9 

read 4-9 

release 4-10 

ROLLBACK 4-10 

system 2-12 

update 4-9 

write 4-9 

write-read 4-9 


organizer, PC Support 8·7 

output 


printed 12-9 

output spooling 


elements of 10-10 

override command 4-9 


p 
paragraphs documents 6·3 
Pascal 12·24 
POM 

See programming development manager 
performance 


analysis 10-16 

factors 10-16 

measurement 10-16 

planning for an application program 12-6 
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personal computer 

managing communications 8-3 

running programs on any AS/400 system 8-5 

sending commands to any AS/400 system 8-5 


personal computer support 8-1 

personal computers 


folders 8-8 

multiple sessions with personal computers 8-5 

printers, shared 8-10 

shared storage 8-8 

sharing information 8-8 

transferring files 8-9 

using locally attached printers 8-10 

using system printers 8-10 

virtual printers 8-10 

work station function 8-5 


physical files 5-7 

design 12-14 

field reference 12-8 


planning 
capacity 10-16 


PUI 12-24 

prestart jobs 10-6, 10-15 

printers 


output 12-9 

personal computer 8-10 

print serving 8-10 

using printers attached to a personal 


computer 8-10 

virtual 8-10 


private authority 2-15 

problem analysis 


copy screen image 11-14 

dedi cated servi ce tool s 11-15 

system service tools 11-15 


Procedures Language 400fREXX 1-8 

processing data 


AS/400 Query 5-13 

methods 5-13 


profiles 

group 2-11,2-15 

user 2-11, 2-14 


program 

data availability 5-7 

independence 5-3 


program-described data 5-4 

comparison to externally described data 5-4 

diskette files 5-4 

restrictions 5-4 

save files 5-4 

tape device files 5-4 


programmer menu 12-20 

programming 


affect of changed file descriptions 4-8 

envi ronments 9-4 

functions 1-18 

supervi sory and control functions 1-18 

symbolic debugging 1-18 


programming (continued) 
temporary changes to file descriptions 4-9 


programming development manager 12-21 

programming environment 


accessing data from multiple environments 9-4 

application support 9-4 

compatible products 9-9 

conversion to OS/400 programs 9-9 

data interchange 9-8 

definition 9-2 

folder support 9-9 

mixed environment programming 9-6 

operating with multiple environments 9-3 

support for System/36 and System/38 9-5 

System/36 environment 9-7 

System/38 environment 9-7 


programming tools 

character generator utility 12-22 

data file utility 12-21 

interactive data definition utility 12-22 

programmer menu 12-20 

programming development manager 12-21 

screen design aid 12-12,12-21 

source entry utility 12-21 


programs 2-8 

licensed 1-8 

monitoring for messages in a CL program 12-19 

running from a personal computer 8-5 


public authority 2-15 
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QHFCLOSF 4-11 

QHFFRCSF 4-10 

QHFlUlSF 4-10 

QHFOPNSF 4-10 

QHFRDSF 4-10 

QHFWRTSF 4-10 

qualified names for objects 2-3 

query, ASf400 5-13 

queues 2-9 


data 12-17 

job 2-9 

message 2-10 

output 2-9 


R 
read operation 4-9 

record-format level specifications 5-11 

record-level descriptions 4-6 

recovery 


checksum protection 11-18 

disk 11-17 

mirrored protection 11-20 

support 11-15 
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release compatibility 9·1 
release operation 4·10 
REXX 

advantages 12-23 

RM/COBOL-85 12·24 

rollback operation 4·10 

router 8·4 

routing entries 10·7 

RPG/400 12·10,12·25 


S 
SAA 

See Systems Applications Architecture 
save and restore processing 11·16 
save file description 4·4 
screen design aid (SOA) 

creating displays 12·12 

general description 4·8 

programming tools 12·21 


SOA 
See screen design aid (SOA) 

security 2·14 

access codes for documents 6-6 

auditing 2-16 

folders 6-2 

resource 2-14 


selecUomit level specifications 5·11 
SEU 

See source entry utility 

shared folders function 8-8 

shared resources 


folders 8·8 

printer 8-10 

storage 8·8 


shell documents 6·3 

site loss 11-15 

SLSS 


See system library subscription service 
source 


data 5-5 

members 5-10 


source entry utility 12·21,12·25 
entering DOS statements 4-7 


source statements, entering 4·7,12·25 

special authority 2-14 

specific authority 2-15 

spool 


jobs 10-10 

spooled jobs 10·10 

spooling 


files 4-3 

input 4-3 

output 4-3 

reader 4-3 

writer 4-3 


spooling support 10·10 

SQL 
See structured query language 

stop codes 6·4 
storage 1·14 


document 6·6 

main 1-16 

management 1-16 

pools 1·15 

single-levell-IS 


storage pools 

auxiliary 11-17 


structured query language 5·13, 12·8 

defining data 5·13 

processing data 5-14 


submit remote command 8·5 
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OS/400-provided 10-3 

user-defined 10·4 
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archi tecture 1-13 

management 1·7 

objects 1·14 


system bus 
control 1-13 


system libraries 2·4 

system library subscription service 11·7 

system service tools 11·15 

Systems Applications Architecture 
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AS/400 system support 9-11 

common communications support 9·13 

common programming interface 9·13 

common user access 9·12 


System/36 environment 9·2,9·7,9·10 

accessi ng procedures 9-5 

System/36 compatible COBOL 9-10 


System/38 environment 9·2,9·7,9·10 

accessing programs 9-5 

System/38 compatible COBOL 9·10 


T 
tailored documents 6·3 

technical information exchange 11·8 

testing application programming 12-26 

TIE 


See technical information exchange 
tools 


application development tools 12-5 

programming 1-8 

QUSRTOOL library 2-4 
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uninterruptible power supply 11-15 
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user interface 
command line 3-2 
common user access 12-3 
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guidelines 12-3 

user profi les 2-11 
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write-read operation 4-9 

X 
X.25 7-16 

X-8 System Concepts 



Reader's Comments 

Applic~!ion System/400'" 

System Concepts 


Publication No. GC41-9802-00 

Use this form to tell us what you think about this manual. If you have found errors in 
it, or if you want to express your opinion about it (such as organization, subject 
matter, appearance) or make suggestions for improvement, this is the form to lise. 

To request additional publications, or to ask questions or make comments about the 
functions of IBM products or systems, you should tal k to your IBM representative or 
10 your IBM authorized remarkeler. This form is provided for comments about the 
information in Ihis mcll1ual and the way it is presented. 

When you send comments to IBM, you grant IBM a nonexclusive right to use or dis
tribute your comments in allY way it bel ieves appropri<lle without incurring any obli 
gation to you. 

Be sure to print your lIarne and address below if you would like a reply. 

Address-- ~-.-.Name 

Company or Organization 

Phone No. 



---
- ---- - ---
--- i Cut or FoldReadN's Comments - ----- : Along Line GC41-9S0200 --- .....--- .... 

l 

! 

! 

Fold and TClre Please do 1101 staple Fold and Tape j 
-- - - - -- - - - - - - - - -- _. - - - - - - ~- - -- -- - - - -~ -- - - - -- - -- - - - -- -- - - - - -- -- - - -.- - - -.+ -- - - - - - ---- - - -- - - - --1 

NO POSTAGE 
NECESSARY 
IF MAILED IN THE 
UNITED STATES 

BUSINESS REPLY MAIL 

FIRST CLASS MAIL PERMIT NO. 40 ARMONK, NEW YORK 

POSTAGE WILL BE PAID BY ADDRESSEE 

1International Business Machines Corporation 
Information Development 
Department 245 
3605 North Hwy 52 
ROCHESTER MN 55901-9986 

1.1.1111,1,1,1 ..11,",.. 111,1 ..1,1,,1.. 1,,11,,1 .. 1,1 

- -- -_. --~ ~ - .- ._- _. ---------- ----- -_ .. - - ------- --- ---- --_. - -- -- -- -~-- -- -- .._-- -- .--- ---- -- ---~. --~ -- --_. ----- -~----- -_. ------------.------ -- ---~-- ----~----- ------- ----_._------------------- -- ~~ ----',; 
Fold and T<tp~ Please do not staple Fold and Tape 

. 


Cut or Fold 
GC41-9S02-00 Along Line 


