


T= System/36

Concepts and Programmer’s Guide

Program Numbers 5727-SS1
5727-SS6

File Number
S36-30

Order Number
SC21-9019-5



Sixth Edition (June 1987)
This major revision makes obsolete SC21-9019-4.

This edition applies to Release 5, Modification Level 1, of IBM System/36 System Support Program
Product (Program 5727-SS1 for 5360 and 5362 System Units and Program 5727-SS6 for the 5364 System
Unit), and to all subsequent releases and modifications until otherwise indicated. Also, this
publication contains examples of data and reports used in daily business operations. To illustrate
them as completely as possible, the examples include the names of individuals, companies, brands,
and products. All of these names are fictitious and any similarity to the names and addresses used
by an actual business enterprise is entirely coincidental.

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 in this publication is not intended to state or imply that only IBM’s licensed program may
be used. Any functionally equivalent program may be used instead.

The numbers at the bottom right of illustrations are publishing control numbers and are not part of
the technical content of this manual.

Publications are not stocked at the address below. Requests for IBM publications should be made to
vour IBM representative or to your IBM-approved remarketer.

This publication could contain technical inaccuracies or typographical errors. A form for readers’
comments is provided at the back of this publication to make comments about this publication. If the
form has been removed, comments may be addressed to IBM Corporation, Information Development,
Department 245, Rochester, Minnesota, U.S.A. 55901. IBM may use or distribute whatever
information you supply in any way it believes appropriate without incurring any obligation to you.

© Copyright International Business Machines Corporation 1984, 1985, 1986 1987



When You Are:

Communicating
with Another
Computer or
Remote Device

|

Determining
the Cause
of a Problem

Planning for and
Adding New
Programming
Support

Using Your IBM
PC with the
System/36

Managing Your
System/36
Office

L

Doing
Office
Tasks

|

You Can Find Information In:

(" Using System/36 Communications
Communications and Systems Management Guide
Distributed Data Management Guide
Advanced Peer-to-Peer Networking (APPN) Guide
Remote Operation/Support Facility Guide
MSRJE Guide
3270 Device Emulation Guide
SSP-ICF Guide and Examples
Interactive Communications Feature: Base Subsystems Reference
Interactive Communications Feature: Finance Subsystem Reference
Interactive Communications Feature: Upline Subsystems Reference
Interactive Communications Feature: Programming for Subsystems and
Intra Subsystem Reference
Using the Asynchronous Communications Support

\_ (message manuals)

(message manuals)
System Problem Determination
(online problem determination)

Planning for New Devices and Programming Available at Release 5
(new program product manuals)
Changing Your System Configuration

5250 Emulation Program User’'s Guide
Enhanced 5250 Emulation Program User's Guide
PC Support/36 Technical Reference

PC Support/36 User's Guide

PC Support/36 Organizer

System/36 in the Office

Planning Your System/36 Office

Setting Up Your System/36 Office
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System Reference
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Data File Utility Guide

Sort Guide
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About This Manual

Who should use this manual . . .

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

How this manual is arranged . . .

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

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

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

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

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

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

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

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

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

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

How this manual has changed . . .

XX

The major changes are described below.

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

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

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



What you should know . . .

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

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

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

« IBM 5170 PERSONAL COMPUTER AT®

If you want more information . . .

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

1 Trademark of IBM
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Chapter 1. Introduction

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

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

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

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

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

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

Programming on Your System

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



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

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

RN\
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System Support Program

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

e Create and maintain disk files

e Sort disk files

o Create and maintain libraries

¢ Create and maintain folders

o Process information on diskettes

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

¢ Run programs and procedures

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

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

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

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

Getting Started with IDDU has more information about IDDU.



Utilities Program Product

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

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

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

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

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

Development Support Utility

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

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

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

chart pages containing up to eight graphs on a page.

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

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

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

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

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

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

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

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

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

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



PC Support/36 Program Product

Programming Languages

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

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

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

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

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

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

The programming languages available on the system are:

» Assembler

+ BASIC

« COBOL

« FORTRANI1V

« RPGII

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

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

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

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

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

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

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

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



System Overview

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

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

« User programs and system programs—while they run

« User program data—as the user programs need it

« Instructions used by the system to process jobs

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

7

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



Control Storage

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

can be used by application programs.

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

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

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

o Allocates main storage for application programs

« Handles data input and output for programs

« Diagnoses and recovers from errors

« Manages system resources

o Controls the main storage processor

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

There are several types of control storage processors:

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

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

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

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

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

devices.
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Buffer Areas and Controllers

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

The data channel is shared by all the system devices.

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

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

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

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

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

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



Diskette Storage

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

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

Information is stored on diskette for several good reasons:

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

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

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

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

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

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

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



Tape Storage

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

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

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

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

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

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



Display Stations

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

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

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

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



When your system was configured:

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

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

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

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

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

Work Station Data Management

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

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

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

— Remote work station support (RWS)

— Batch binary synchronous communications

— 3270 remote attachment
« Communications feature

— Base support for all communications features

— Autocall support

— X.25 support

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

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

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

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

« IBM Token-Ring Network

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

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

Printers

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

Paychecks/ Invoices

Saies Report

Inventory Report

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

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

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

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

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

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



Security

Physical Security

Data Security

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

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

« Put the system unit in a locked room.

« Use the keylock on the system control panel.

« Put a keylock feature on the display stations.

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

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

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

Ways of protecting data in the system are:

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

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

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

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

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

system.

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

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

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

ﬁenus

Displays

APPLICATION USERS

ACCOUNTING

Printed

utput
Outp APPLICATION

LIBRARIES FILES

Programs
Procedures/Jobs

Menus
Display Formats
Message Members

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

Menus

\

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

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

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

MAIN BILLING MENU

Enter or change orders
Release orders

Print picking slips
Print invoices

Go to inquiry

Sign off

INVOICE No. 04351

POopwNA

2

Enter option number:

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

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

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

03 20000300 2  Secretarial chair 99.00  198.00

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

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

Files

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Four types of members can be in a library:

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

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

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

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

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



Folders

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

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

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

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

« Data dictionaries created by IDDU

o Mail folders created by Personal Services/36

o Mail log folders created by Personal Services/36

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

o Text in document folders

o Letters in mail folders

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

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

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

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

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

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

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

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

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



Messages and Message Members

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

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

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

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

Chapter Review

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

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

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

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

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

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

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

Application Design Steps

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

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

Application Users

Application Designer

Stepl. Definition

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

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

Step 2. General Design

Help define the application functions.
Review the design.

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

Step 3. Detailed Design

Review and agree upon displays and
reports.

Designs printed output, files, and
displays.

Step 4. Program Design

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

Designs programs and then codes
them.

Step 5. Testing

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

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

Step 6. Conversion and
Installation

Help convert information.

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

Step 7. Operation

Use the application.

Turns the application and
documentation over to the users.

Figure 2-1.

Application Design Steps




Objectives of Application Design

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

The application might not do what the users want.

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

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

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

Items might be overlooked.

Data might not be available when it is needed.

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

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

1.

2.

Identifies what you want.

Sketches plans based on what you want.

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

Writes initial specifications for your review.

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

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

What the users want

Completed on time with the expected effort

Easy to use
« Easy to maintain

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



Step 1. Definition

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

Identify what the users do

o Define the information they process

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

¢ Review your work with the users

«  Document your work

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

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

« How people would change their jobs to do them better
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Figure 2-2 shows an example.
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Deliveries
Orders in
Mail Room 85 Orders a Day any form
25 Phone Orders
a Da
/ Y Prepare orders
for processing
Customer Services
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Customer Look up
records custorqer
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Verify item
Product numbers and
catalog descriptions
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Order control
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Day
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Customer

Figure 2-2. Work Flow Diagram
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The work flow diagram is like an architect’s initial blueprint. It is your
interpretation and documentation of the current methods of doing work. Itis a
good document on which to center your discussions with the application users.
Notice that the work flow diagram can also show information flow. You can
indicate what the input is, who (person or department) provides it, what the output
is, and who receives it.

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

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

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

« Develop documentation to help people use the application

Chapter 2. Application Design Steps 2-7



Define the Information Processed

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

— A customer order?

— A monthly sales report?

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

— Customer name?

— Customer number?

— Item number?

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

— All numbers?

— All letters?

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

— By customer number?

— By item number?

— By sales region?

— By department?
« How much information is processed?

— One hundred orders a day?

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

« Who maintains information?

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

_ _

$9019007

Figure 2-3. Information Characteristics

Chapter 2. Application Design Steps  2-9



Identify What the Application Should Do

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

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

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

Define the Application Functions

2-10

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

« Display customer information

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

o Print customer information

¢  Print mailing labels

« Save and restore customer information

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

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



Make a Preliminary Schedule

At this time, your schedule should specify:

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

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

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

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

Review Your Work with the Users

Document Your Work

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

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

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

« Work flow, which can also show information flow.

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

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

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

step, you determine:

o What input the application requires

e What output the application produces

o  What processing the application does

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

order entry:

.| C
1 Orders

Customer Number
Order Number

Master
Files

Ship-to:
Miscellaneous
Information:

Item:
Quantity:

AN
-

Item

. The operator enters the customer number and

order number for the order.

. The application program reads the customer’s

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

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

. The application program writes order header

and ship~-to records to the transaction file.

. The operator enters the items ordered, one

line at a time.

Master

File
i

Transaction
File

. The

O

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

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

. The applicati displays the line

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

. When the order is completed, the application

program rewrites the order to a transaction
hold file.

Transaction
Hold File

. An application prog prints a picking slip

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

Name:
Address:

Transaction
File

Transaction
File

Transaction
Hold File

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

produces.

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

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

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

Designing Printed Output

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

Designing Files and Records

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

Designing Displays

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

Designing Application Controls

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

Examples of Input Controls

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

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

Examples of Processing Controls

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

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

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

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

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

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

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

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

Record Length 128

Key Customer Number

Key Length 6

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

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

*Customer Record Information

CV Record Code OCODE 2 A 1 2

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

#*Ship to Record Information

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

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

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

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

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

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

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

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

TITLE ORDER ENTRY APPLICATION

DATE

AUTHOR

Notes:

Run Frequency: Daily
Volume: Approximately 500 transactions per day

ORDHDR (OR-01)

Run Time: 1 hour

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

ORDITM (OR-02)

Run Time: 30 minutes

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

ORDPRT (OR-03)
Run Time: 10 minutes

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

Allow Time for Testing

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

« Processes the input correctly

« Produces output correctly

o Iseasytouse

« Presents meaningful error messages for the users

« Runs as fast as you expected

+ Has acceptable response times for the display stations users

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

Divide the Test into Manageable Tasks

2-20

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

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

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

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



Let Users Define Test Cases

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

Use Realistic Test Data

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

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

Normal and Expected Conditions

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

« Enter data that has incorrect dates or totals

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

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

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

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



Step 6. Conversion and Installation

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

o The new application runs in parallel with the existing methods. The new
application is carefully watched and evaluated. When the new application
performs as intended, the old methods are discontinued.

« The new application immediately replaces the existing methods as soon as the
application is tested.

The parallel method is, of course, more expensive and takes more of the application
users’ time than immediate replacement because information must be entered twice
and results must be compared with one another. But the parallel method may be
safer because you have a backup if the new application fails.

Immediate replacement may be the only way to convert your interactive programs
or it may be the better way to convert if you have a relatively simple application.

When you use the immediate replacement method, be prepared to handle the
transition period when neither the old method nor the new method provides the
latest information. This transition time might be only a few hours, but you should
plan how to conduct business as usual during it.

Regardless of the method you choose, you need to convert the information in its
present form to a form usable by your application. This usually involves creating
master files and entering information in them (for example a customer file or an
inventory file). The information must also be checked for accuracy and corrected
if necessary. Of course, if you have thousands of customers or parts, this initial
entry and verification can take quite a while. A schedule is helpful for planning
what happens and when during conversion and installation.

You need not convert and install all application functions at the same time. For

example, you might install inquiry functions first and install more complex
functions such as online file maintenance later.
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Step 7. Operation
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In the operation step, you (1) plan and provide what users need to run the
application and then (2) turn the tested, installed application over to the users.

What do the users need to run your application? They may need some or all of the
following:

¢ On-the-job training.

o Run books (how to start the application, the steps for normal operation, error
conditions and messages, how to end the application, how to interpret the
output, samples of all forms).

« Instructions for doing their jobs if the application stops working.

¢ Scheduling instructions. (Should this application be used before or after other
applications? In what order should the application functions be run?)

« Backup and recovery instructions (for example, what data to save, when to
save it, and how to recover from errors).

o Passwords if password security is active.

The system operator, as well as the application users, might need instructions from
you. For example:

« When to start or stop the application

« What to do if application users have problems

« How and when to back up the application programs and data

A reminder: you need not write all of your instructions on paper. The system lets
you code help displays, which are online explanations of users’ menus and displays.
Users can see your instructions at the touch of the Help key. Chapter 12, ‘“Menus

and Menu Design,” has information about creating help for menus.
Chapter 13, “Displays,” has information about creating help for displays.



Chapter Review

Again, the application design steps are:
1.

2.

7.

Definition

General design
Detailed design
Program design

Testing

Conversion and installation

Operation

The most important points to remember are:

Take time to do a thorough definition so that you understand what the users
want and what the application should provide.

Work with the users from the beginning to the end of the project.

Plan and document each aspect of your application.

Using the Remaining Chapters

You can use the remaining chapters in any order as you need them. Each one has
useful information about how the system works, how to design application
components, and how to program the system. The chapters sometimes summarize
a topic.

Chapter 2. Application Design Steps
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Chapter 3. Printed Output

The purpose of this chapter is to:

L]

Describe ways in which the system prints data

Describe print spooling, which can be used to efficiently manage the printing of
data

Suggest ways to design printed output
Provide printer performance considerations
Provide programming tips and techniques regarding printed output

Describe merging text and graphics in the printed output
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How the System Handles Printer Output

Printed output on the system is done either by printer data management or by the
system list function. Printer data management handles most of the printed output.
System list mainly handles the output created by the SSP system utilities (for

example, the SMAINT utility program).

The following list shows those programs that use printer data management:

User-written programs

Print key

SSP data communications programs
Sort

Utilities programs (SEU, DFU, SDA, and WSU)

Development Support Utility (DSU)
Business Graphics Utilities/36 (BGU/36)
RPG II compiler

COBOL compiler

FORTRAN compiler

Assembler

BASIC

DW/36 (DisplayWrite/36)

Query/36

The following list shows those procedures and utility programs that use system list:

BLDMENU ($BMENU)

BUILD ($BUILD)

CATALOG ($LABEL)

EDITNRD ($SINR)

FORMAT ($SFGR)

HISTORY ($HIST)

LISTDATA ($COPY)

LISTFILE ($BICR, $COPY, and $MAINT)
LISTLIBR ($MAINT)



Printer Data Management Output

Printer data management handles most of the output from the system. The
following diagram shows how printer data management handles printed output.

Program Producing
Printed Output

Sends Requests to
Print Data

Printer Data
Management

Adds Data and Control
Codes for Printer

d__L
n[— 0

Printed Output

$9019012-0

Printer data management takes the print requests from the program, inserts the
proper control codes for the printer being used, and sends that information to be
printed. This causes your output to be printed with the paging and spacing that
your program requested.

The printed output from a program can be sent to a specific printer by using a
PRINTER OCL statement. If a PRINTER OCL statement is not specified, printed
output is sent to the session printer for the display station. You can use the
STATUS SESSION control command to display the ID of your session printer. To
change your session printer, you can use the PRINT procedure. This will change
the printer only until you sign off the display station.

When you sign on, the session printer is determined by the value that was specified
during system configuration. The configured session printer is shown by the
STATUS SESSION control command. To change your configured session printer,
use the SET procedure. This will change the printer until another SET procedure is
run or the system is reconfigured; that is, the change will still be in effect the next
time you sign on the display station. If you want to permanently change the default
printer assignment, use the CNFIGSSP procedure.
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System List Output
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The output from SSP utility programs is handled by a special system program called
system list. System list allows output to go to a printer or a display station. The
following diagram shows how the system processes system list output.

SSP Utility
Program

Output to Be Listed

System List

or

l Data and Control Data and Control

Codes for Printer Codes for Display

o =

Printed Output Displayed Output
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System list takes the output listing requests from the utility program, determines
whether the output is to be printed or displayed, and sends that information to the
appropriate device. The printer or display station that is receiving the system list
output is called the system list device.

When you first sign on, the system list device is the same as the session printer. To
display the current system list device, use the STATUS SESSION control
command. To change the system list device, use the SYSLIST procedure. This
procedure changes the system list device until:

e Another SYSLIST procedure is processed.

¢ A PRINT procedure or the FORMS OCL statement is processed.

¢ You sign off the display station.

The System Reference manual has more information about using the SYSLIST
procedure.



Print Spooling

Advantages

Because main storage processing is much faster than printing, the system spends a
lot of its time waiting for the printer to print data already processed. To help
eliminate this waiting, you can use print spooling for all your printers. Print
spooling is the capability of the SSP to store printed output on disk (in an area
called the spool file) for later printing.

Print spooling has several advantages over normal printing:

o Programs can run faster because they do not have to wait for the printer to
print each line of data.

«  More than one program that sends output to the same printer can be run at the
same time. These programs do not have to wait for the printer to become
available. (Without print spooling, only one program could use a printer at any
one time. Other programs that direct output to that printer would have to
wait.)

« Programs producing output can be run even if the printer is not working. The
data is saved on disk and can be printed when the printer is working again.

« Multiple copies of the same output can be produced without running the
program multiple times.

« Different priority levels can be assigned to printed output, so that a report with
a higher priority can be printed before less important output.

« Output can be grouped, then printed by the type of form used (for example:
invoices, narrow paper, or regular paper).

« Printing can be restarted if printing errors occur without running the program
again.

¢ Output can be redirected to another printer.
« Printing output from the spool file makes more efficient use of the main
storage processor, the printer, and the communications lines (for remote

printers).

« Separator pages can be printed for each job.
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How To Select Print Spooling

You decide whether to use print spooling during system configuration. The manual
Changing Your System Configuration has more information about system
configuration. The default is to use print spooling.

If you select print spooling, you can later cancel it by using the IPL override
displays. You can also use the SPOOL-NO parameter of the PRINTER OCL
statement to avoid print spooling for just one print file as opposed to canceling
spooling for the whole system.

Control of Print Spooling

The system operator has control over all printers and all print entries in the spool
file. The system operator can, for example, start or stop the printers as well as
change the number of copies to print.

Subconsole operators have control over their designated printer(s) as well as all
print entries in the spool file to be printed on their designated printer. Display
station operators have some control over the print entries they create. For
example, they can change the number of copies to print.

The commands used to control print spooling are shown under ““Controlling or
Displaying Print Spooling Information” on page 3-23.

How Print Spooling Works

3-6

When print spooling is active, a system program called the spool intercept routine
intercepts each line to be printed and stores it on disk in the spool file. When a
printer is ready to print the output, another system program called the spool writer
gets lines from the spool file and prints them. Figure 3-1 shows this process.

In this example, three programs are running on the system. Programs 1 and 2 each
print one report; program 3 prints two reports. Each report is placed in separate
print file (the printed output from a program is called a print file). Each of the four
reports is handled through a separate intercept buffer, and each is a separate entry
in the spool file. Three printers are being used, program 1 uses printer P1, program
2 uses P2, and program 3 uses P3.
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Figure 3-1. Print Spooling Overview

The following sections describe the different parts of print spooling shown in

Figure 3-1.
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Spool Intercept Routine
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The printed output from your program is called a print file. Your programs pass the
print files to printer data management one line at a time. The spool intercept
routine is the part of the SSP that takes output from printer data management and

places it into spool intercept buffers.

The SSP assigns each print file its own spool intercept buffer, and the spool
intercept routine handles each print file separately. A unique spool identification
consisting of the characters SP followed by four decimal digits is assigned to each
print file. There is no limit to the number of print files that can be processed at the
same time by the spool intercept routine.

The following diagram shows how the spool intercept routine handles the output
from more than one program.
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Entry SPO002
(Print File 2)

Entry SPO003
(Print File 3)
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(Print File 4)
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Spool Intercept Buffer

Spool File

A spool intercept buffer is created whenever a print file is opened. As the program
prints data, the data is temporarily placed into the intercept buffer. When a spool
intercept buffer is full, the spool intercept routine writes the data to the spool file.
Also, when a print file is closed (either by the program or when the program ends),
the spool intercept routine places any remaining printer data in the spool file.

Spool Intercept Buffer Size: The size of a spool intercept buffer assigned to a print
file depends on the ACTIVITY parameter of the PRINTER OCL statement.
Specifying a high activity gives you a larger buffer area than if you specify a low
activity. Spooled output is written to the spool file when the spool intercept buffer
allocated to your program becomes full. If the buffer is too small for the amount of
activity, it will fill up quickly, and printer output will have to be written to the spool
file very often, possibly increasing the processing time for your job and other jobs
on the system. If the buffer is too large, you may needlessly increase the amount of
main storage your program requires. The System Reference manual has more
information about the PRINTER OCL statement.

The system has one spool file that is shared by all printers on the system. The
spool file is on disk and consists of a primary file and up to five additional areas on
disk called extents. The size of the spool file (the primary file) is specified during
system configuration, and can be from 12 to 12,800 blocks. The default size of the
spool file is based upon the disk size of the system. Each extent is the same size as
the primary file. The extents are created only when they are needed; that is, when
the primary file is full. When an extent becomes empty, it is removed.

The primary spool file and extents are divided into segments. The size of these
segments is specified during system configuration, and can be from 1 to 16 blocks.
The system starts by allocating one segment to a print file; as the segments are
filled with printer output, more segments are allocated to the print file.
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The following example shows a 12-segment spool file containing three entries:
SP0001, SP0002, and SP0003. Entry SP0001 is contained in four segments; entry
SP0002 is contained in one segment; and entry SP0003 is contained in five
segments. Two segments are unused.

Spool File
(one for all printers) Spool File
Contents of o~
Spoal File ‘
Extents

Primary File — -~

_
_
_

Segments assigned to entry SPO001

\

UI[I] Segments assigned to entry SPO002

Segments assigned to entry SPO003

$9019016-0

Spooal File Size: The system automatically calculates the default size of the spool
file and segment sizes needed based on the amount of disk space. In many cases,
the size calculated by the system is the best size. However, if you want to override
the system defaults, the following are some things to consider:

o Use the system default values whenever possible. If you frequently get the
message that the spool file is full, consider increasing the size of the spool file
by using the CNFIGSSP procedure.

« The recommended size for the spool file segments is based on the size of the
typical print file. Large segments reduce the work the system does creating
additional segments because fewer segments are needed. However, the
amount of unused space in the last segment may be large. Smaller segments
make more efficient use of spool file space by reducing the amount of unused
space in the last segment of a print file.

For more information about the spool file size and segment size, see the Changing
Your System Configuration manual.
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Spool Writer Program

Spool File Placement on Disk: If your system has more than one disk drive, you can
specify on which disk the spool file is to be placed. If you are using the spool file
frequently and have other programs running on the system, there may be an
increased demand for disk use. To help balance disk activity, you can specify a
preferred disk location for the spool file during system configuration. You can use
the system measurement facility (SMF) to measure the disk activity. SMF is
described in the SMF Guide.

The spool writer is the part of the SSP that prints output that has been stored in the
spool file. One spool writer is shared by all the printers on the system. The spool
writer is a program that gets data from the spool file and places that data into a
spool writer buffer. The data is then printed from this buffer; each printer has its
own buffer. The size of these buffers is determined during system configuration.

Although the spool writer is one program used for all the printers, you can control
the operation of the portion of the program assigned to each printer. For example,
you can stop the portion used by printer P3 and leave the portions for printers P1
and P2 running. The STATUS WRT control command shows information about
the portion of the spool writer assigned to each printer.

The following diagram shows how the spool writer handles printer output stored in
the spool file.

Spool File

Spool File
(one for all printers)

Data to

Be Printed
Spool Writer
(one for all printers; .
a portion assigned to Spool Writer
each printer)
Spool Writer Buffers Buffer 1 Buffer 2 Buffer 3
(one per printer)

Printers

Printer P3

0 0
Printer P1 Printer P2

$9019017-0
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Separator Pages
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Before the spool writer can begin printing output for each printer, the spool writer
for that printer must first be started. During system configuration, you can specify
that the spool writer is to start automatically. If you choose this automatic start
option, the spool writer is started when you perform system IPL. See the Changing
Your System Configuration manual for more information about automatically
starting the spool file.

If you choose not to have the spool writer started automatically, the START PRT
or RESTART PRT control command must be entered to start the spool writer.
These START PRT control commands can be entered by the system operator or
the Subconsole operator. Once the spool writer has been started, it prints output
whenever a spool file entry is available to be printed.

Spool Writer Buffer Size: During system configuration, you can select the size of
the spool writer buffer to be used for a printer. See the Changing Your System
Configuration manual for more information about changing the spool writer buffer
size.

The spool writer can also print one to three separator pages between spool file
entries. You can also choose to have no separator pages printed. The separator
pages help you to identify the printer output. Each separator page contains:

« Name of the procedure that started the job

« User ID of the operator who ran the job (this may be blank if a MRT program
printed the output)

o Name the system assigned to the job
e Name of the print file

« Printer ID of the printer

e Number of pages in the print file

You can get separator pages by specifying an option during system configuration.
See the Changing Your System Configuration manual for more information about
changing the number of separator pages for a printer. You can also use the
CHANGE SEP control command to change the number of separator pages (from
the system console or a subconsole).

The line length on separator pages is normally 80 characters. However, if you are
justifying the right margin on the 5219 Printer and if the line length for your text is
less than 80 characters, the characters at the end of the line on the separator page
are not printed. For example, if you are justifying text on the 5219 Printer using a
line length of 72 characters, only the first 72 characters on each line of the
separator page are printed.



Designing Printed Output for Your Programs

This section describes:

Considerations to use when you are deciding what reports need to be printed
How to design printed reports
Performance considerations to use for printers

Assigning forms numbers to the different types of forms you use

' Printed Output Considerations

When you are determining the output of a program, you should consider what the
person using the information needs. Printing the output may not always be the best
method to use; displaying the output is often a better choice. The information used
as output, whether displayed or printed, should be useful and should reflect the
needs of the person using the output.

Use printed output for:

Information that is not needed immediately or often

Information that is not needed by several people (although you can print
multiple copies if you want)

Information that does not change frequently
Large volumes of output

Information that must be sent to several locations (Diskettes would also be a
good choice if the other locations have a computer system.)

Also, a formatted report may not be needed in all cases; that is, a Print key listing
of a display could serve as the output.

See Chapter 13, “Displays,” for displayed output considerations.
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Designing Your Printed Reports
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A well-designed report should be easy to read and easy to handle. When designing
a report, a document called a printer spacing chart will be useful. The printer
spacing chart is a blank form that resembles a page to be printed. You can use the
IBM Print Chart, GX20-1816, or an equivalent chart.

Each vertical column represents one print position. A typical printed page has 132
print positions. However, depending on the type of printer you have, you can print
up to 198 positions on a page. Each horizontal line represents one print line. A
typical printed page has 66 lines (at 6 lines per inch). However, depending on the
type of printer you have, you can print four or eight lines per inch. The number of
print positions and lines per page also depends on what size paper you use.

To design a report, you select the print positions on the printer spacing chart where
you want information to print, and place Xs or sample data in the selected
positions. Report titles and column headings should be used to identify the
information on the report.

The goals in designing your reports on a printer spacing chart are to:
« Ensure that you know how the report will look when it is printed.
o Have a model of the report to help you code the printing sections of your

program. The chart can be used to identify the lines and columns for printer
output.



The following example shows a completed printer spacing chart along with the
computer-produced output.
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When you are designing the output report, use the following guidelines:

Leave enough space on the edges (margins) of the reports that must be stapled
or bound.

Separate fields on the report by at least one space.
Group information items that are similar.

Number all pages of a report. Print spooling allows you to restart the printing
of a report. If you have to restart the printing of a report, you specify that the
printing is to begin at a specified page, rather than reprinting the entire report.

Provide meaningful headings for the data on a report. Abbreviations, codes,
and special symbols should be avoided. If you need more space than is
available on the printer spacing chart, use several lines for long headings,
rather than abbreviating them.

Printer Performance Considerations

The system supports several printers. Each printer has unique forms design
considerations.

For information about the physical dimensions of printer forms, refer to the
documentation for your printer.

Considerations for Dot Matrix Printers
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The characters are made up of dots on a dot matrix printer. With some dot matrix
printers, it takes the print head several passes to complete a line. This head
movement takes time, therefore, you should design forms to reduce the head
movement. Refer to the documentation for your printer to determine if these
considerations affect your printer.

Consider the differences in print density and line length. Greater print density
means slower print speed in lines per minute but faster speed in characters per
minute. Shorter lines mean greater lines per minute because the print head
does not have to move a great distance to complete a line.

Repetitive printing of the same character, such as an asterisk (*) in each
position of a line, requires the printer to print the line in several passes, slowing
the print speed. Rather than using a solid line of asterisks for a separator, use a
line of alternating asterisks and blanks.

Do not center one or two fields on a line if the fields do not have to be
centered. Adjusting them to the leftmost portion of the line may shorten the
printing time.



« Do not use a large form and print a small amount of information on it. This
may be inefficient because many line returns could be required to print the
data. If you keep the forms as short as possible, you might improve printing
speed.

o Place fields in a horizontal line rather than spacing them vertically. Also,
minimize the horizontal space between fields.

« Plan horizontal print fields so that items that are not always printed are printed
last on the line. For example, an item description field might be a good
variable-length field to print last on a line.

| Considerations for Character Printers

Character printers print one character at a time by a print head that must move to
the appropriate position on the line. This head movement takes time. Therefore,
you might consider designing your forms to reduce the amount of head movement
required. For example:

« Do not center one or two fields on a line if the fields don’t have to be centered.
Adjusting them to the leftmost portion of the line may shorten the printing
time.

o Place fields in a horizontal line rather than spacing them vertically. Also,
minimize the horizontal space between fields.

« Plan horizontal print fields so that items that are not always printed are printed
last on the line. For example, an item description field might be a good
variable-length field to print last on a line.

Vertical line spacing on some printers is affected by the following considerations.
Refer to the documentation for your printer to determine if these considerations
affect your printer.

e« When 12 lines or less are specified, and the output is sent to a printer using
individual sheets, the printer prints up to the number of lines specified before
ejecting the sheet.

e Some printers do not print on the first line of an individual sheet. If a program
attempts to print on the first and last lines of a sheet, the last line is printed at
the top of the next sheet.

o The fewer the number of lines per page, the more processing time some
printers take to perform the task.
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Figure 3-2 shows an initial design and Figure 3-3 shows an improved design for
an output form used on a 5256 Printer.
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Figure 3-2. Initial Forms Design
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Figure 3-3. Improved Forms Design
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Considerations for Line Printers

Line printers, which use a character belt, print one line at a time. Good design
techniques for a line printer should, therefore, try to reduce the number of lines
printed on each form. Increasing the number of characters printed per line might
shorten the time required to print the form. An example of this would be to
combine two lines into one print line. Consider using as wide a form as possible
and as short a form as possible.

For preprinted forms such as picking slips or invoices, consider shading alternate
lines; this technique can make a long list of items more readable. Design and order
your preprinted forms well before you plan to use them. Request a sample of the
form so that you can verify its accuracy before it is printed.

Assigning Forms Numbers
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If you have different types of paper for your printed output (for example, one type
of paper for general use and another type for a specialized use, such as preprinted
checks), you may want to assign forms numbers to these different type of forms.

A forms number is a 1- to 4-character identifier you assign to each type of forms
you have. For example, the standard forms that you may have for each printer
could be named 0001. Preprinted check forms could be named CHEK.

The system automatically keeps track of the forms numbers that are currently
specified for each printer. When you specify a certain forms number for printing
and if the forms numbers do not match, the operator who controls that printer is
prompted to change the paper in that printer to the forms you specified.

See “Printing Output by Forms Number” on page 3-27 for more information
about how you can use forms numbers.



Printer Control Guidelines

This section describes several functions that are available to manage or control
printer output. Generally, the functions are:

« Changing the session or Print key printer, changing the system list device, and
setting printer information for a display station.

« Controlling or displaying printer output.

« Displaying and copying printed output from the spool file.
« Printing output by forms type.

« Combining several print files.

o Assigning defer status to printed output.

e Assigning priorities to printed output.

Changing the Session Printer
For each display station, a printer used to receive output is specified during system
configuration. This printer is called the session printer. The session printer is used
for all printed output created while an operator is signed on. The PRINT
procedure changes any one or all of the following items:

« The printer ID to be used for printed output, including system list and Print key
output.

e The number of lines per page.

« The vertical print density, also called lines per inch.

« The horizontal print density, also called characters per inch.
o The forms number to be used.

The PRINT procedure changes these items for the session. When an operator signs
off, the settings return to the defaults.

Note: Not all printers support lines per inch and/or characters per inch. The System
Reference manual has more information about the PRINT procedure.

Changing the System List Device

When an operator signs on, the system list device is the default printer specified
during system configuration. The SYSLIST procedure can change the system list
device to another printer, the display station, or off (no output is listed). The
System Reference manual has more information about the SYSLIST procedure.
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Changing the Print Key Printer

When an operator signs on, the Print key printer is the default printer specified
during system configuration. Use the STATUS SESSION control command to
display the ID of the Print key printer. The PRINTKEY procedure can change the
printer to be used for Print key output and can specify whether a heading or border
is to be printed with the display image. The WORKSTN OCL statement can also
be used to change the Print key printer. The System Reference manual has more
information about the PRINTKEY procedure or the WORKSTN OCL statement.

Changing the Printer Configuration Information

The SET procedure is used to specify the following printer-related items for the
display station:

« Printer ID to use for session output as well as Print key output

« Forms number

¢ Number of lines per page

« Print belt image

¢  Whether a heading and border should be printed with Print key output
These items remain in effect from session to session; that is, after the operator

signs off, the values remain in effect. The System Reference manual has more
information about the SET procedure.

Changing Printer Information in a Procedure
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In a procedure, you can use the FORMS, PRINTER, or WORKSTN OCL
statements to control how output is printed. For example, you can change any one
or all of the following items:

« Printer ID to be used for all printed output (including Print key output).

« Number of lines per page.

« Vertical print density, also called lines per inch.

« Horizontal print density, also called characters per inch.

« Forms number.

« Number of copies to be printed.

« Whether the paper needs to be aligned before the output is printed.

The System Reference manual has more information about these OCL statements.



Controlling or Displaying Print Spooling Information

Print spooling is controlled by either the system operator or subconsole operators
entering various control commands.

To display information about the status of the spool file, use the STATUS PRT or
STATUSF PRT control command. To display information about the status of the
spool writer, use the STATUS WRT control command. Control commands can be
entered either at the system console or a subconsole. However, some commands
can be entered from any work station.

Note: If password security is active, operators with a security classification of system
operator or higher can control print spooling from any display station. The
commands entered are treated the same as if they were entered at the system

console.

The following is a list of commands you can use to control print spooling.

CANCEL PRT
CHANGE COPIES

CHANGE DEFER

CHANGE PRTY

CHANGE SEP

CHANGE PRT

CHANGE FORMS

CHANGE ID

HOLD PRT

RELEASE PRT

RESTART PRT
START PRT

STOP PRT

Cancels one or more spool file entries.

Changes the number of copies of output to be printed.
Changes the defer attribute of a spool file entry. This
indicates whether an entry can begin printing before all
the data has been completed by the program.

Changes the priority of the spool writer for a printer.

Changes the number of separator pages used to separate
spool file entries for a printer.

Changes the order in which spool file entries are printed.

Changes the forms number to be used for a spool file
entry.

Changes the printer ID assigned to one or more spool file
entries.

Holds selected spool file entries to prevent them from
being printed.

Releases selected held spool file entries to allow them to
be printed.

Restarts the printing of a spool file entry.
Starts the spool writer so that entries can be printed.

Stops the spool writer so that entries cannot be printed.

Operating Your System and Using Your Display Station manuals have more
information about these control commands.
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Controlling Printed Output with the Print Queue Manager

3-24

The print queue manager is part of the base SSP and resides in #LIBRARY. The
print queue manager provides an interface that allows DisplayWrite/36 (DW/36)
to access and change information about entries on the spool queue and job queue.

A request is made to the print queue manager through the print queue.
Information is returned in a print file.

The print queue manager makes a request to the spool queue manager through the
queue file. Information is returned in a spool print file to the print queue manager.

The print queue manager makes a request to the job queue manager through the
job queue. Information is returned in the job queue file to the print queue

manager.
System /36 Product
Print Queue Print File
Entries Entries
A
Print Queue
Manager
Queue File Spool Print Job Queue Job Queue
Entries File File Entries
T A A
Spool Queue Job Queue
Manager Manager
«4—| Spool Queue . 4— Job Queue |q—
$98019135-0
Figure 3-4. Print Queue



The following is a list of commands you can use to control the print queue
manager:

Function Definition

SEARCH Provides the requested number of print files (provided they are
available).

CANCEL Cancels one or more print files from the spool or job queues.

HOLD Holds one or more print files from the spool or job queues.

RELEASE Releases one or more print files from the spool or job queues.

MOVE Moves one or more print files from the spool or job queues.

Consider the following when moving print files:

« Print files on the spool queue can be moved to any position on the spool queue.
Print files on the job queue can be moved to any position on the job queue.

o Print files on the spool queue may not be moved to the job queue.

o Print files on the job queue may not be moved to the spool queue.

You can specify the type of information to be used to qualify the requested
function. A qualifier list may be used to subset the list of print files returned to the
user. The valid qualifiers are:

Printer ID
User ID

Forms ID
« Print File

There are four possible function modifiers that can be specified.
Modifier Definition

Spool Causes the requested function to be performed only on the print files
that are on the spool queue.

JobQ Causes the requested function to be performed only on the print files
that are on the job queue.

Forward Causes a search to continue forward from the position of the last
search requested (search function only).

Backward Causes a search to continue backward from the position of the last
search requested (search function only).

Chapter 3. Printed Output 3-25



Copying and Displaying Spool File Output
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Operators can copy and display printed output from the spool file by using the
COPYPRT procedure. The COPYPRT procedure allows operators to:

« Copy reports from the spool file to a disk file.
« Display printed reports at a display station before they are printed.

« Print reports copied to the disk file. You can also print selected pages of a
report.

This procedure allows users to look at reports and decide which pages of the report
they want to print. You can use this procedure to avoid printing unnecessary
reports and wasting paper.

Before operators use the COPYPRT procedure, they should make sure that the
specified report is held on the spool file by using the HOLD PRT control command
or the PRIORITY-0 parameter of the PRINTER OCL statement.

Note:  The COPYPRT procedure does not copy spool print records that were created
in transparent mode. Transparent mode allows for user programs to send their
own data stream to the printer. COPYPRT does not process transparent mode
because it does not know what is contained in the data stream. Therefore,
transparent mode is not encouraged but there is an operation code for it in the
SDTFP macro.

The disk file used with the COPYPRT procedure can be saved on diskette and then
printed later. The System Reference manual has more information about the
COPYPRT procedure.



Printing Output by Forms Number

Normally, when output is printed, it is printed in a first-in, first-out basis, with no
regard to forms number. If, for example, two or more jobs use different forms
numbers, the operator controlling a printer has to change the forms very often.
The system allows operators to control the printing of output using different forms
numbers.

The system has two methods of printing by forms number. Using the START PRT
control command, operators can print either by a specific forms number or by
groups of forms numbers. This allows operators to print all reports that use the
same forms number together. For example, all jobs in the spool file having special
invoice forms could be printed together.

To print by groups of forms (using the FORMS parameter of the START PRT
command), the spool writer prints all entries in the spool file using the forms
currently mounted on the printer. When the spool writer has finished printing the
entries, the spool writer prompts the operator to change forms in the printer. This
can reduce the number of times an operator has to change the paper in a printer.
To print by a specific forms number, the spool writer prints only those entries that
have the specified forms number. If there are no more entries in the spool file with
that forms number, the spool writer does no more printing.

For example, to print reports that required forms number A112 on printer P2, an
operator could enter the command:

START PRT,P2,A112
and the spool writer would print only reports that required forms number A112 on
printer P2. If there were no entries in the spool file with forms number A112 for

that printer, the spool writer would not print any entries.

The START PRT control command in the Operating Your System and Using Your
Display Station manuals have more information about printing by forms type.

Combining Several Print Files in One Job

The system allows you to combine printer output from several programs into one
large print file. The programs must:

« Run in the same job.
« Specify the same printer for the output.

The first program of the job creates the print file, and the remaining programs in
the job add output to the same print file.
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For example, if you have three order entry programs within a job, and each
program produces one report, you can have one print file instead of three separate
print files. This allows all reports produced by the order entry programs to be
printed at the same time. The following diagram shows how this process works.

Program 1 Report 1
Job < Program 2 Report 2
Program 3 Report 3

\

Printed Output
(The three reports are
printed together.)

$9018020-0

This combining of multiple reports into one print file is controlled by using the
CONTINUE parameter of the PRINTER OCL statement. The System Reference
manual has more information about the PRINTER OCL statement.
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Assigning the Deferred Status to Printed Output

You can use the DEFER parameter of the PRINTER OCL statement to specify the
defer status of a print file. The defer status indicates whether a print file can begin
printing before the file is completed by the program. Normally, the output is not
printed until it is complete; that is, until the job ends or the program closes the
print file.

By specifying DEFER-NO, the output can begin printing as soon as there is data to
print. For example, if you have a 60-page report, the output can begin printing
after the first page is complete. Then, by the time the program has created page
60, 20 pages of the report may have already been printed.

Using DEFER-NO might slow down the overall throughput of your printers. No
print files can be printed until the print file using the DEFER-NO parameter has
been printed. If you use the default (DEFER-YES), other print files can begin
printing while yours is being spooled.

Assigning Priorities to Printed Output

You can use the PRINTER OCL statement to assign a priority to printed output.
Printed output can be assigned a priority of 0 through 5. The highest priority is 5;
that is, any output with a priority of 5 is printed first. Normally, when output is
printed, it is assigned a priority of 1. A priority of 0 means that the output will be
held on the spool file until an operator releases the output by entering the
RELEASE control command. The PRINTER OCL statement in the System
Reference manual has more information about assigning priorities to printer output.

Controlling Printer Functions from Your Applications Program

A PRPQ is available from IBM which allows you to control the following printer
functions from your RPG, COBOL, or Assembler programs:

Lines per inch

Characters style (font)

Characters per inch

Color

Emphasis

Forms character (for drawing boxes)

« Page rotation

¢  Print quality

¢ Source drawer

«  Other functions, by specifying a printer data stream

This PRPQ is called the Intelligent Printer Data Stream Advanced Functions,
PRPQ P84094 (5799-CGK) for 5360 and 5362 system units, and PRPQ P84095
(5799-CGL) for 5364 system unit.
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Merging Text and Graphics

Creating Graphics Files
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You can include a graph anywhere in data printed by DW/36, RPG, COBOL, and
any other high-level language. The base SSP can invoke the graphics functions of
the intelligent printer data stream (IPDS) and allows the merging of a graphics disk
file in the output. You can also print a graphic file without including it in other
output. These functions work only with output printed on an IPDS printer. The
following section discusses:

« How the graphics files are created
« How to merge text and graphics
e How to print just a graphics file

e Programming considerations

Business Graphics Utilities/36 (BGU/36) is one way of creating a graphics file.
BGU/36 is an interactive utility that allows you to design simple business and
scientific graphs quickly. BGU/36 also supplies a procedure that allows you to
make a graph using data in a report that was made by your application.

The forms generation utility is another way to create a graphics file. This utility
reads source specifications describing a form and either prints the form or saves the
drawing specifications on a graphics disk file.

The forms generation utility is part of PRPQ P84094 (5799-CGK) for 5360 and
5362 System Units and PRPQ P84095 (5799-CGL) for 5364 System Unit.



Merging a Graphics File with Text
To merge a graphics file with other printed output, you must use a special control
record. The control record can be anywhere in the print data produced by a

program. The program can be an application program written in any language,
DW/36, or DSU. The format of this control record is:

#$dINCLGRPH filename,x,y,w,1l

Notes:
1. There should be only one blank between “#$@INCLGRPH”’ and the file name.

2. If you use this control record in a DW/36 document, justification should not be
active for the section of the document where the control record resides.

filename  The name of the graphics disk file to be included. Date differentiated
files are not supported. Only the file with the most current date is
used.

X The distance (in inches) from the left edge of the page to the left edge
of the graphics area on the page. The default is zero (0).

y The distance (in inches) from the top of the page to the top of the
graphics area. The default is zero (0).

w The width of the graphics area in inches. The default is the width of
the current page (usually 13.2 inches).

1 The length of the graphics area in inches. The default is the length of
the current page.

Where the graphics data will be printed on the page is defined by x, y, w, and 1.
The upper left corner is defined by the x and y. The size of that area is defined by
the w and the L.

The graphics data in the file is scaled to fit the graphics area defined by the w and
the L.

The x, y, w, and 1 are specified in any of the following forms:

X X

XX XX.
XX.X X.X
XX .XX X.XX

Note: Leading zeros are allowed.
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Printing a Graphics File

A utility, $DPGP, is provided to print a graphics file without including that file in
other output. This utility is mainly used to print a BGU/36 graphics file because
BGU/36 does not directly support IPDS printers.

A PRTGRAPH procedure is provided to use the $SDPGP utility. The System
Reference manual has more information about the PRTGRAPH procedure.

Programming Considerations
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$DPGP does not issue any error messages. If there is something wrong (file not on
disk, graph file not found, or invalid file name) then the #$@INCLGRPH record is
printed instead. It is treated as normal data and printed as is.

If the control record is used in an application program, the characters

#$ @INCLGRPH should not appear together, in the source program. If they do
appear together, and the compiler output is printed on an IPDS printer, the include
will be performed at the time the compiler output is printed. To prevent this from
happening, break up the #$@INCLGRPH into two character strings and have the
program concatenate them when it executes.

The #$@INCLGRPH control record should be in a print record by itself. If
anything else is in the print record, it may be considered as a parameter. The
parameters should immediately follow each other, separated by commas with no
intervening blanks.

Because the include function may be performed by the spool writer, the file should
not be protected by resource security. If the file must be protected, include it in a
print file that is not spooled.

Included files are deleted from the printer’s storage at the start of each page.
Includes done on a page must all fit together in the printer’s storage. If the printer
runs out of storage, you will get an error message.



Chapter 4. Disk Storage

The purpose of this chapter is to:
o Describe disk storage.
« Describe what is stored on disk.

e Provide you with programming tips and techniques regarding disk processing.
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Disk Storage Concepts

A disk is a storage device made of flat, circular plates with magnetic surfaces.
Programs, files, libraries, and system work areas that are used by the system to
process programs are stored on disk. A disk drive is the mechanism that reads and
writes information on disk. Disk drives are also called spindles.

The system can have from one to four disks (indicated by A1 through A4,
respectively). The disks are inside the system unit and are not removable.

——T—
§ | Disk A3
= (optional)
Disk A1
— Disk A4
Disk A2 (optional)
(optional)
A4

5362 System Unit:

(optional)

Two disks can be externally attached to the 5362 System Unit and are removable.
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5364 System Unit:

Disk A2

§§§§sss:s\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Y/,
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The system can have the following combinations of disk drives:

5360 System Unit:
Total
Disk Drive
Capacity Number of Sizes
in Megabytes Drives in Megabytes
30 1 30
60 2 30
200 1 200
400 2 200
600 3 200
800 4 200
716 2 358
758 3 200 and 358
1074 3 358
1116 4 200 and 358
1432 4 358
5362 System Unit:
Total
Disk Drive
Capacity Number of Sizes
in Megabytes Drives in Megabytes
30 1 30
60 1 60
90 2 30 and 60
120 2 60



5362 System Unit with externally attached disk drives:

Total

Disk
Capacity

in Megabytes

260
290
320
460
490
520

5364 System Unit:

Total

Disk
Capacity

in Megabytes

40
80

Number of
Drives

HHAWWWN

Number of
Drives

1
2

Drive
Sizes
in Megabytes

60 and 200
30, 60, and 200
60 and 200
60 and 200
30, 60, and 200
60 and 200

Drive
Sizes
in Megabytes

40
40

In addition to the identifiers A1 and A2, the identifier F1 is also used to refer to
disk storage in certain operations that are performed with files, libraries, and
folders on disk, regardless of which disk they are on or how many disks your
system has. For example, the system utility program that lists all files and libraries
on disk is run by the following procedure:

CATALOG ALL,F1

Chapter 4. Disk Storage 4-5



Physical Organization

~ Sectors

Blocks
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To specify certain disk operations, you should be familiar with the way data is
stored on disk.

Blocks and sectors are the basic units of measurement used to describe disk

storage. For example, when you reserve space on the disk for a library, you specify
the amount of space in blocks.

Each disk is divided into 256-byte units called sectors. A sector of data is the
smallest amount of data that can be either read from or written to the disk.

1 Sector (256 bytes)

§9019022-0

A block consists of 10 sectors or 2560 bytes. Blocks are important because all disk
space is measured in blocks. For example, when you create a library, you specify
its size in blocks.

1 Block (10 sectors
or 2560 bytes)

$9019023-0

You can allocate space for disk files by either blocks or records. When you allocate
a file by records, the actual amount of disk space allocated is rounded up to the
next full block.



Disk Capacities

The following charts show the number of blocks of disk space available for each

disk.
5360 System Unit Total
Disk Capacity in Number of Blocks
Megabytes

30 12,049

60 24,098
200 78,204
400 156,408
600 234,612
800 312,816
358 140,218
716 280,436
758 296,626
1074 420,654
1116 436,844
1432 560,872
5362 System Unit Total
Disk Capacity in Number of Blocks
Megabytes

30 12,049

60 24,098

90 36,147
120 48,196

5362 System Unit
with External Drives Total
Capacity in Megabytes Number of Blocks

260 102,334
290 114,383
320 126,432
460 180,570
490 192,619
520 204,668

The first 650 blocks of the first disk are reserved for the system’s use.
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What Is Stored on Disk
This section describes the different types of information that are stored on disk.

Disk Al is logically divided into two areas: the system area and the user area.

System Area Contents User Area Contents
Control storage library Spool file
System library Job queue
System work files Trace files
Task work area Dump files
History file User ID file
Service log Resource security file
' Program product libraries
User files
User libraries
User folders

The system area starts at the lowest block numbers.

Disk A1

System User

Area Area
Low Block High Block
Numbers Numbers

$9019024-0

If your system has more than one disk drive, the other drives contain only user
areas.

The following sections describe each type of information on the disk, starting with
the system area.



System Area Contents

Control Storage Library

The control storage library contains the part of the SSP that allows the system to
perform IPL (initial program load) when you press the Load key on the system
control panel. The information in this library also controls the running of the entire
system; that is, it controls how the disks are accessed and how information is
transmitted to the printers and display stations.

System Library (#LIBRARY)

System Work Files

Task Work Area

The system library contains the SSP programs that the system uses to run your jobs
(for example, disk data management and printer data management).

The system library also contains SSP procedures and SSP utility programs. These
perform common functions such as copying, saving, or restoring files. The system
library also contains the system help support.

The system work files maintain a record of information about the system. They are
also used when jobs are being run. These files are:

« The master configuration record. This is a description of the program
products, display stations, and printers on the system. It also contains such
information as the default printer for each display station and the size of the
history file.

« The disk volume table of contents (VTOC). This contains a record of all the
files, libraries or folders on disk. The information includes the file, library or
folder name, the creation date of files, where the file, library or folder is
located on disk, and how many blocks the file, library or folder uses.

Each time a new file, library or folder is created, the information about that
file, library or folder is added to the disk VTOC. When a file, library or folder
is removed from disk, the corresponding disk VTOC entry is removed.

¢ The diskette VTOC. This work file contains the VTOC of a diskette when the
diskette drive is being used.

The task work area is the portion of the disk that user programs and the system use
to run jobs. The task work area contains:

« Areas for programs or buffers that are swapped out of main storage.
«  Work spaces used by the system during job processing.
The size of the task work area is set during system configuration and may change

depending upon the system’s workload. See the Changing Your System
Configuration manual for information about the task work area size.
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History File

The history file contains the following information:

¢ OCL and utility control statements from user-written procedures.
IBM-supplied SSP procedures do not have statements logged in the history file.
(You can also specify that your procedures are not to have statements logged
in the history file; see Chapter 18, ‘“Procedures,” for information about
logging statements.)

« - Commands contained in jobs or entered from display stations.

« All messages displayed at a display station.

«  All operator responses to messages and prompts.

e The following information about each entry:
— Display station being used

— Operator’s user ID

Job name

Time and date

The history file is an important tool you can use to review events that have
occurred on the system. ‘

The history file is a fixed size; the size of the history file is set during system
configuration. See the Changing Your System Configuration manual for
information about changing the size of the history file. Normally, when the history
file becomes full, the new entries being logged in the history file begin to overlay
the older entries. The following diagram shows this process:

History File History File History File
(2:00 PM) (4:00 PM) (4:20 PM)
Old Entries Old Entries New Entries
[ ] [ ]
. o Old Entries
. A ¢
New Entries ® °
[ ] °
Unused Space New Entries New Entries
Not Yet Full Full

Old entries are
overlaid and lost.

$9019025-0



During system configuration, you can select an option that causes the history file to
be copied to a disk file (named HISTCOPY). This allows you to always have a
copy of the history file for future reference.

When the history file is 80% full, entries are automatically copied to the
HISTCOPY file. The following diagram shows this process:

History File Disk File
(2:00 PM) » HISTCOPY
Old Entries _ Old Entries
o Automatic copy process;

[ ]
history file is erased
after copy is finished.

L ] L ]
New Entries New Entries
Unused Space File Automatically
Created
80% Full
History File
(2:10 PM)
New Entries Old Entries
after 2:00 N
Unused Space °
[ ]
New Entries
Entries made as of
2:00 still exist in

Old entries file HISTCOPY.

are erased.
$9019026-0
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Note the following consideration if you are using the automatic copy option. If the
history file once again becomes 80% full on the same day and you have not deleted
or renamed the HISTCOPY file, the following occurs:

« A message (SYS-1660) will be sent to the system console and to the display
station that caused the history file to become 80% full.

« All processing for that display station stops until the file named HISTCOPY
has either been removed or renamed. Selecting option 2 in response to the
message causes the history file to wrap (new entries overlay older entries), and
system processing continues.

To avoid this situation, the system automatically calls a procedure named
HISTCOPY after the file named HISTCOPY is created. See ‘“Automatic Copying
of History File” on page 4-25 for more information.

Service Log
The service log is a file that contains information about when the system was

serviced. The System Reference manual has more information about the system
service log.

User Area Contents

Spool File
The spool file contains printed output that has been stored on disk for later
printing. For more information about the spool file, see Chapter 3, “Printed
Output.”

Job Queue

The job queue is a list, in a disk file, of jobs waiting to be run by the system. For
more information about the job queue, see Chapter 17, “Jobs and Job
Processing.”

Trace Files

Trace files are created when you are tracing system events. The TRACE
procedure in the System Reference manual has more information about trace files.
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Dump Files

User ID File

Resource Security File

Dump files contain selected system data areas (such as main storage or control
storage), which are used to solve problems with either IBM-supplied programs or
user-written programs. Dump files are automatically created when a job is
canceled with a D (for dump) option or when a program ends abnormally. The
DUMP procedure in the System Reference manual has more information about
dump files,

The user ID file contains the list of users that can use the system. The file is used
by password security. For more information about the user ID file, see the System
Security Guide.

The resource security file contains the list of secured files, libraries, folders, folder
members, and groups on the system. It also contains a list of users that can access
those files, libraries, and folders. For more information about the resource security
file, see the System Security Guide.

System Message File (#MESSAGE)

Program Product Libraries

The system message file contains messages that have been sent using the MSG
control command or the MSG OCL statement. When a message is sent to a
display station or user, the message is saved in the system message file. The
message is removed from the file when one of the following occurs:

« The message is displayed at a display station.
e AnIPL occurs, and the message has been sent to a display station.

e An IPL occurs, the message is more than 7 days old, and the message has been
sent to a user.

e The message is canceled using the MSGFILE procedure.

You can use the MSGFILE procedure to control the size and location of the
message file. The System Reference manual has more information about the
MSGFILE procedure.

These libraries contain all the programs necessary for you to compile your
programs or use the utility programs. All display formats, messages, procedures,
and programs needed by the language compilers and the utility programs are stored
in these libraries. Each programming language or utility has its own separate
library. The following is a list of these libraries:
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User Files

User Libraries

User Folders

4-14

Program
Product

BASIC

BASIC help text
COBOL
RPGII
Assembler

FORTRAN IV

Data file utility (DFU)
Screen design aid (SDA)
Source entry utility (SEU)
Work station utility (WSU)

Development Support Utility (DSU)

Business Graphics Utilities/36 (BGU)
DW/36 (DisplayWrite/36)

Personal Services/36

Office Management Service (OMS)
Text Management Service (TMS)
Advanced Printer Function (APF)
Query/36

PC Support/36

Character generator utility (CGU)
Ideographic sort program

Local Area Networking

Library
Name

#BLLIB
#BLHPLIB
#COBLIB
#RPGLIB
#ASMLIB

#FORTLIB
#DFULIB
#SDALIB
#SEULIB
#WSULIB

#DSULIB
#DSULB1
#DSULB2
#BGULIB
#TULIB

#OFCLIB
#TMSLIB
#TMSLIB
#APFLIB
#QRYLIB

#IWLIB
#CGULIB
#SRTXLIB
#LANLIB

The sizes of these libraries are shown in the Changing Your System Configuration

manual.

User files contain the data your programs need. For more information about files,

see Chapter 8, “Files.”

User libraries contain the programming information for your jobs. For more
information about libraries, see Chapter 9, ‘“Libraries.”

Folders contain members created by IDDU (the interactive data definition utility),
DW/36, and Personal Services/36. For more information about folders, see

Chapter 10, “Folders.”



Programming Guidelines for Disk

This section describes several functions that are available to manage or control the
disk. Generally, the functions are:

« Placing files and libraries on disk
« Reorganizing disk space

o Using disk cache

Placing User Files and User Libraries on Disk

The system can automatically place user files and libraries on disk, or you can
control their location by specifying a disk spindle or block number when you create
the file or library. The location of your files and libraries on disk can affect the
performance of your system. Generally, having the system automatically place the
files and libraries is the most efficient way.

User folders are automatically placed on disk by the programs that create them.

Automatic Placement on Disk

If you have two or more disk drives on your system, you can let the system
automatically place files, libraries, and folders on the disk that is used the least. By
placing them on the disk that has the least amount of use, the use of the disks is
balanced, and the performance of the system can be improved.

The system has two sets of counters for each disk. These counters measure the
number of disk reads, disk writes, and scans for that particular disk. One set of
counters, which is reset every hour, measures current system activity and is used by
the system to place scratch files and job files. The system also uses another set of
counters, which measures past system activity, to place resident files, libraries, and
folders.

For example, if some disks are particularly busy and a new file is created, the
system attempts to place the file on the disk that is used the least.

By placing the file on the least used disk, performance of the system can increase

because more input/output activity will be directed to the disk that is least used.
This helps balance the work each disk has to do while jobs are processing.
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If you have two or more disks and decide not to let the system automatically place
your files, libraries, and folders on disk, you should:

« Minimize the time the system has to search the disk for data.

o Place files, libraries, and folders on disk so that your programs process the data
on disk as efficiently as possible.

e Try to balance the use of the disks.
The system measurement facility (SMF) can help you measure the use of your
disks. The System Measurement Facility Guide has more information about running

SMF.

Example: The following diagram shows some suggestions for placing files,
libraries, and folders on the system if you have two disks.

Disk A1
System Most-Used Files Least-Used Files Free Space
Library and Libraries and Libraries P
Disk A2
Free S Most-Used Files Least-Used Files
ree Space and Libraries and Libraries

$9019027-1

To reduce the time the system spends searching for information on disk, you should
place your most-used files, libraries, and folders following the system library on
disk A1. Following the most-used, place your least-used files, libraries, and
folders.

On disk A2, you should place the least-used files, libraries, or folders at the high
block number locations. Then place the most-used files, libraries, or folders next,
leaving the continuous disk space at the low block numbers. Thus space is
available when large files, libraries, or folders are created.

To move folders, you can use the MOVEFLDR procedure. The System Reference
manual has more information about the MOVEFLDR procedure.



Placement By Spindle Preference

If your system has two or more disk drives, you can specify the disk identifier (A1,
A2, A3, or A4) for the disk that is to contain a particular file or library. If the file
or library will not fit on the disk you selected, the system tries to place it on
another disk. The system begins searching for disk space on the least used disk.

If the system places your file or library on another disk, the system keeps a record
of the disk you preferred. If énough space becomes available on the preferred disk,
the system moves the file to that disk (for example, during the COMPRESS or
RESTORE procedure).

The system searches the disks in a particular direction: either from high blocks to
low blocks or from low blocks to high blocks, depending upon the number of disks
in the system.

For example, if you specify that you want a particular file or library placed on disk
Al, the system begins searching for continuous disk space beginning at the end of
the system library (#LIBRARY) and ending at the last block number of disk Al.

Disk A1

System
Library

~

Search Sequence
$9019028-0

For a system with two disks, the search sequence is:

Disk A1 Disk A2

System
Library

M—

Search Sequence $9013029-0
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For a system with three disks, the search sequence is:

Disk A1 Disk A2 Disk A3

System
Library

Search Sequence $9019030-0

For a system with four disks, the search sequence is:

Disk A1 Disk A2 Disk A3 Disk A4

System
Library

Search Sequence

$8019110-0

If you have two or more disks and there is not enough continuous disk space to
place all of a file on one disk, the system can place part of the file on two disks.
For example:

Disk A1 Disk A2

System
Library

/L,//

File starts on A1 and
is continued on A2, 59019031-0

Placement By Block Number Location

You can specify the block number on disk where you want your file or library
placed. You can use the CATALOG procedure to determine where blocks of disk
space are available. Files and libraries cannot be placed in block number locations
that are already being used by the system.

If you are creating extendable files using block number locations and the file is
extended, the system might move the file to another area on disk. This will change
the original block number location. The COMPRESS procedure may also move a
file from its original block number.

The following diagram shows the beginning and ending block number locations for
the disks used by the system.
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For the 5360 System Unit:

Disk Capacity Disk Drive Al Disk Drive A2 Disk Drive A3 Disk Drive A4
(in megabytes) Block Numbers Block Numbers Block Numbers Block Numbers
30 0to 12,048
60 0to 12,048 12,049 to 24,097
200 0 to 78,203
400 0 to 78,203 78,204 to
156,407
600 0 to 78,203 78,204 to 156,408 to
156,407 234,611
800 0 to 78,203 78,204 to 156,408 to 234,612 to 312,815
156,407 234,611
358 0 to 140,217
716 0 to 140,217 140,218 to
280,435
758 (358+400) 0 to 78,203 78,204 to 156,408 to
156,407 296,625
1074 0 to 140,217 140,218 to 280,436 to
280,435 420,653
1116 0 to 78,203 78,204 to 156,408 to 296,626 to 436,843
(716+400) 156,407 296,625
1432 0 to 140,217 140,218 to 280,436 to 420,654 to 560,871
280,435 420,653

Chapter 4. Disk Storage
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For the 5362 System Unit:

Disk Capacity Disk Drive Al Disk Drive A2 Disk Drive A3 Disk Drive A4
(in megabytes) Block Numbers Block Numbers Block Numbers Block Numbers
60 0 to 24,097
920 0 to 12,048 12,049 to 36,146
120 0 to 24,097 24,098 to 48,195

For the 5362 System Unit with externally attached disk drives:
Disk Capacity Disk Drive Al Disk Drive A2 Disk Drive A3 Disk Drive A4
(in megabytes) Block Numbers | Block Numbers Block Numbers Block Numbers
260 (60+200) 0 to 24,097 24,098 to

102,333

290 0to 12,048 12,049 to 36,146 36,147 to 114,382
(30+60+200)
320 0 to 24,097 24,098 to 48,195 48,196 to 126,431
(60+60+200)
460 0 to 24,097 24,098 to 102,334 to
(60+200+200) 102,333 180,569 .
490 0 to 12,048 12,049 to 36,146 36,147 to 114,382 114,383 to 192,618
(30+60+200+200)
520 0 to 24,097 24,098 to 48,195 48,196 to 126,431 126,432 to 204,667
(60+60+200+4200)

The first 650 blocks of the first disk (drive A1) are reserved for the system’s use.
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Reorganizing Disk Space

Reorganizing is the collection of free space on each disk to create continuous free
space for new files, libraries, or folders.

You can create new files, libraries, or folders, only when enough continuous space
on the disk exists for each new file, library, or folder. When you are creating and
deleting files, there is a chance that the disk space will be fragmented and that
there will not be enough continuous space to create a new file, library, or folder.
For example, you want to create a file that takes 20 blocks of space on disk Al and
the disk space looks like the following (assume that A1 is the only disk):

Disk A1
System File 1 File 2 File 3
Library
N\ ~ — ——
15 Unused 10 Unused
Blocks Blocks $9019032-0

The disk contains two areas of unused space: one is 15 blocks; the other is 10
blocks. Neither area is large enough to contain a 20-block file.

In this example, before you can create a file, library, or folder, you must do one or
more of the following:

o Delete some of the files, libraries, or folders by using the DELETE procedure.

« Move the files, libraries, or folders together and collect all unused space into
one area, by using the COMPRESS prccedure.

« Remove some files, libraries, or folders from the disk. You could relocate them
on another disk, copy them to diskettes, or copy them to tape.
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If you do not want to use the DELETE procedure to make more disk space
available, use the COMPRESS procedure. The COMPRESS procedure gathers all
free space within the user area of each disk into an area either at the beginning of

the disk or at the end of the disk.

You can specify one of two options when you run the COMPRESS procedure:

COMPRESS Procedure
Options Description

FREELOW

the disk (at the low block numbers).

FREEHIGH

All available free space is collected at the beginning of

All available free space is collected at the end of the
disk (at the high block numbers).

The following diagrams show the two options of the COMPRESS procedure:

Disk A1 Before COMPRESS

System

Library File 1

File 2

File 3

-

15 Unused

Blocks

Disk A1 After COMPRESS Using FREELOW

[

10 Unused
Blocks

System
Library

File 1

File 2

File 3

Low Block ~—
Numbers 25 Unused Blocks

Disk A1 After COMPRESS Using FREEHIGH

System

e 1 .
Library File File 2

File 3

Low Block
Numbers

Fm-—-

High Block
Numbers

~"

The System Reference manual has more information about running the

COMPRESS procedure.

25 Unused Blocks

$9019021-0



Disk Cache

Disk Cache Considerations

Disk cache is a main storage buffer between the disk storage devices and the user’s
main storage buffer. To reduce the time the system spends getting information
from disk, you can create a disk cache. With part of the existing storage devoted to
the cache and without additional storage, a decrease in performance is possible.
When the CACHE procedure is used to stop the cache, the storage is available for
general use.

Disk cache is divided into pages. Cache size and cache page size are specified in
kilobytes, and can be changed at the system console using the CACHE procedure.

If significant sequential disk processing is expected, the cache page size can be
made larger to keep the number of disk accesses smaller. If significant random disk
processing is expected, the cache page size can be made smaller to reduce the time

the system has to search for data. The default cache page size is large enough for a
wide variety of system activity. The following discusses disk cache considerations.

When using the disk cache, consider the following:

« A read operation from an area not in the cache causes a whole page of disk
data to be read into the cache.

e A read operation from an area that is in the cache retrieves the data from the
cache rather than from the disk.

« A write operation to an area that is in the cache updates the cache as well as
the disk data.

« A write operation to an area that is not in the cache does not put that data into
the cache.

The System Reference manual has more information on the CACHE procedure.
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Programming Guidelines for Disk Storage

This section describes several functions that are available to manage or control disk
storage; for example, listing the files and libraries stored on disk and listing,
copying, or erasing the history file.

Listing the Disk Volume Table of Contents

You list the table of contents of the disk by using the CATALOG procedure. The
listing shows the names and locations of the files and libraries on disk, as well as

the locations of unused space. The System Reference manual describes the
CATALOG procedure.

Measuring Disk Activity

To measure the disk activity, you use the system measurement facility (SMF). You
use three procedures (SMFSTART, SMFSTOP, and SMFPRINT) to run SMF.
You can also enter the SMF procedure command to display a menu that allows you
to choose the SMF procedure you want to run. SMF is described in the SMF

Guide, which tells you how to use the printed results of SMF as a guide to deciding
how to manage the disks.

Changing the Size of System Files

You can change the size of some of the system files (for example, the task work
area or the history file), by using the CNFIGSSP procedure. The Changing Your
System Configuration manual has information about changing the sizes of these
files.

Service Log Procedures

To add an entry to the system service log, you use the SERVLOG procedure. To
list the entries contained in the service log, you use the DUMP procedure. Both
these procedures are described in the System Reference manual.
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Listing, Copying, or Erasing History File Entries

You can display, print, copy, or erase entries in the history file by using the
HISTORY procedure. You can select entries to be processed by user ID, display
station, procedure name, time, and date. You can copy the history file to a disk file
in either of two formats:

« The original history file format. This allows you to list that file later (using the
HISTORY procedure) or to save those entries on diskette (using the SAVE
procedure).

« The format of files created by the COPYPRT procedure. This allows you to
use the history file as input to another program. You can also display or print
the entries (using the COPYPRT procedure).

These procedures are described in the System Reference manual.

Automatic Copying of History File

During system configuration, you specify whether the history file should be
automatically copied. The history file is copied to a disk file named HISTCOPY.

As part of the automatic history file copy process, a procedure named HISTCOPY
is automatically started by the system after the file HISTCOPY has been created.

You can change or edit this procedure so that it does what you want; for example,
you can have it rename the file HISTCOPY. The HISTCOPY procedure is stored

in the system library. The System Reference manual has more information about
the HISTCOPY procedure.

Example of HISTCOPY Procedure
This example gives each automatic copy of the history file a unique name. This
example shows the statements you could add to the HISTCOPY procedure in the
system library (#LIBRARY). The files are named:
HIST.O1

HIST.O02
HIST.O03

You could then save the files on diskette for later use.
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*
*
*
*
*
*
*®
*
*
*
*
*
/

*
*
*

/

*
/
*
*
/
*
*
*

The sample procedure is shown below. You can use the Development Support
Utility (DSU) or source entry utility (SEU) to add these statements to the
HISTCOPY procedure in #L.IBRARY. The SEU Guide and DSU Guide have more
information about SEU and DSU.

HISTCOPY PROCEDURE
When your system is configured to periodically save the History File,
two actions occur each time the History File becomes 80% full:

1) The System History file is copied to the user file named "HISTCOPY".

2) The control is passed to this HISTCOPY PROCEDURE.

The purpose of the sample HISTCOPY procedure (given below)
is to periodically rename the current "HISTCOPY" file to

a new file name. The new file names are: HIST.O01, HIST.O02,
up to HIST.99.

Parameter 1 is used as a counter.
/ EVALUATE P1=0

Check the file names HIST.nn

/ TAG LOOP

Increment the counter
/ EVALUATE P1,2=2?17+1

Check for the file name.

If the file does exist, go back and get a new file name
/ IF DATAF1-HIST.?1? GOTO LOOP

File HIST.nn does not exist, rename HISTCOPY to HIST.nn

RENAME HISTCOPY,HIST.?1?

*
*
*

Send a message to the system operator

// MSG ,File HISTCOPY was rename to file HIST.?1? on ?DATE? at ?TIME?.

Note that a file named HIST.02 is created only if a file named HIST.01 is found on
the disk.



Chapter 5. Diskette Storage

The purpose of this chapter is to:

« Suggest how you can use diskette storage.

« Describe the types of diskettes you can use with the system.

« Describe the different formats you can use to store data on diskette.

« Provide you with programming tips and techniques regarding diskette
processing.

Uses of Diskettes

Primarily, diskettes are used to create backup copies of information. You can also
use diskettes for offline storage of files and libraries or to transfer information to
other systems or devices.

Diskette Types and Storage Capacities

System/36 supports several types of diskettes:

« Diskette 1 is an 8-inch single-sided, single-density diskette.

« Diskette 2D is an 8-inch double-sided, double-density diskette.
Double-density means that one side of a diskette 2D can store twice as much
information as a diskette 1.

« Diskette 2HC is a 5-1/4 inch double-sided, high-capacity diskette. Diskette
2HC is also referred to as a 96 TPI (tracks per inch) diskette, 2QD
(quad-density) diskette, and as a 2HD (high-density) diskette.

The diskette you use is determined by your needs and the system you have.

These types of diskettes must be initialized before they can be used. The INIT

procedure is used to do this. The INIT procedure, through its FORMAT and
FORMAT?2 parameters, allows you to specify storage capacity.
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The following table lists the storage capacities and formats of the different
diskettes you can use.

INIT Number of Number

Diskette Procedure Bytes of Total
Type Parameter per Sector Sectors Bytes

1 FORMAT 128 1924 246,272

1 FORMAT?2 512 592 303,104
2D FORMAT 256 3848 985,088
2D FORMAT2 1024 1184 1,212,416
2HC FORMAT 256 3848 985,088
2HC FORMAT2 1024 1184 1,212,416

Initializing diskettes is discussed in the section “Programming Guidelines for
Diskette Processing” on page 5-10.

Depending on the sizes of your files, libraries, and folders, you can place several
files on one diskette or a large file on several diskettes.

Diskette Exchange Formats

5-2

An exchange format is a set of rules about the content of the header record of the
diskette and the physical organization of the diskette. Exchange formats are
provided so you can exchange data between System/36 and other systems. The
formats you choose depend on which system you exchange your data with.
System/36 supports these types of exchange formats.

« Basic data exchange (1)

« H-data exchange (2D and 2HC)

o I-data exchange (1 and 2D)

« Special E-format (2D)

For information about the exchange format required to exchange data with another
system, see the appropriate manual for that system.



Basic Data Exchange Format

Basic data exchange format files have requirements assuring that diskettes may be
exchanged between systems capable of reading and writing diskette 1.

Basic data exchange has the following characteristics:
« The diskette sector is 128 bytes (diskette 1).
« The records are unblocked and unspanned.

¢ All records in the file must be the same length. The record length of the file
you put on diskette must be less than or equal to 128 (diskette 1).

« The file name must be 8 characters or less.

You can use the TRANSFER procedure or the POST procedure to read and write
diskettes in this format. The $SMAINT utility program allows you to read and write
library members in basic data exchange format (using record mode). The System

Reference manual has more information about the TRANSFER procedure, the
POST procedure, and the SMAINT utility program.

H-Data Exchange Format
The H-data exchange format files have requirements assuring that diskettes may be
exchanged between systems capable of reading and writing the diskettes 2D and
2HC.
Note: H-data exchange is also called basic data exchange on System/36.
H-data exchange has the following characteristics:

« The diskette sector is 256 bytes.

e Allrecords in the file must be the same length. The maximum record length is
256 bytes.

e The records are unblocked and unspanned.
o The file name must be 8 characters or less.

You can use the TRANSFER procedure or the POST procedure to read and write
diskettes in this format.
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I-Data Exchange Format

Special E-Format

5-4

The I-data exchange format files have requirements assuring that diskettes may be
exchanged between systems capable of reading and writing diskettes 1 and 2D.

I-data exchange has the following characteristics:

« The diskette sector is 128 bytes or 512 bytes (diskette 1), or 256 bytes or 1024
bytes (diskette 2D).

o Allrecords in the file must be the same length. The record length of the file
must be less than or equal to 4096.

« Records are blocked and can span diskette sectors. That is, several records and
parts of records can be placed in a diskette sector, or a record can extend from
one sector to another. However, records cannot span diskette volumes.

« The file name must be 8 characters or less.

You can use the TRANSFER procedure to read and write diskettes in this format.
The System Reference manual has more information about the TRANSFER
procedure.

The E-general exchange format files have requirements that force the using system
to examine each field in the header label. None of the characteristics can be
assumed or summarized.

System/36 uses a form of E-exchange format called special E-format to
communicate with some point-of-sale terminals such as the IBM 5260 Retail
System. You can use the POST procedure to read diskettes in this format. The
System Reference manual has more information about the POST procedure.



How Information Is Stored on Diskette

When you save a file or library on diskette, the system creates a file on diskette
which contains the file or library that you saved. When you save a folder on
diskette, the system creates one or more diskette files which contain the folder that
you saved. The diskette volume table of contents (VTOC), which is similar to the
disk VTOC, includes the following information about the diskette file:

« Name of the file or files.

e Type of file that was created.

« Date the file was created.

« Size of the file.

« Record length of the file.

« File’s expiration date.

« Sequence number of the diskette, if the file is contained on more than one
diskette.

This is only a partial list; the CATALOG procedure in the System Reference
manual has a complete list.
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Types of Diskette Files

The more common types of diskette files you can create with the system are shown
in the following table:

File Type

COPYFILE

EXCHANGE

IFORMAT

LIBRFILE

SAVELIBR

SAVEFLDR

ARCHIVE

Description

Created when you use the SAVE procedure (or the $SCOPY
utility program) to save a disk file. The format of the diskette
file is unique to System/36 and System/34. The information
can be exchanged only with another System/36 or System/34.

Created when you use the TRANSFER or POST procedure (or
the $BICR utility program) to copy a disk file in basic data
exchange format.

Created when you use the TRANSFER procedure (or the
$BICR utility program) to copy a disk file in I-exchange format.

Created when you use the FROMLIBR procedure (or the
$MAINT utility program) to copy one or more library
members.

Created when you use the SAVELIBR procedure (or the
$MAINT utility program) to save an entire library. The format
of the diskette file is unique to System/36.

Created when you use the SAVEFLDR procedure (or the
$TMSERY utility program) to save an entire folder. The
format of the diskette file is unique to System/36.

Created when you use the ARCHIVE procedure (or the
$TMSERY utility program) to save a folder member.

This is only a partial list; the CATALOG procedure in the System Reference
manual has a complete list.



SAVEFLDR Files on Diskette

When you use the SAVEFLDR procedure, the system places the folder and its
extents in separate files on diskette: one file for the folder directory and one file
for each extent (for a description of these areas, see “Folder Layout” on

page 10-3). In order to give each diskette file a unique file name, the system uses
the following naming convention:

« The diskette file name for the directory is always the name of the folder.
» For each extent, the file name is in the form NAMEx.yy, where:
— NAME is the first four letters of the folder name.

— xis a sequence number. If this folder has the same first four letters and
the same creation date as another folder stored on this diskette, this
number indicates which folder was stored first.

— yyis the sequence number of the folder extent. This is a number between
01 and 99; it is always 99 for the last extent in the folder. For example, if
the folder has three extents, the last-created extent would be numbered 99;
if the folder has only one extent, the sequence number for that extent
would be 99.

In the following example, folder TXTLETR has only one extent:

File Name Description
TXTLETR Folder directory
TXTLO0.99 First and only folder extent

In the next example, folders LETTER1 and LETTER2 are being saved on the
same diskette on the same day. LETTERI1 has two extents; LETTER2 has only
one.

File Name Description

LETTERI1 Directory of LETTER1

LETTO0.01 First extent of LETTER1

LETTO0.99 Second (and final) extent of LETTERI1

LETTER2 Directory of LETTER2

LETT1.99 First and only extent of LETTER2. Because the first
four letters of LETTER1 and LETTER2 are the same,
and because they have the same creation date, the
sequence number 1 is given to LETTER2’s extent file.
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Diskette Data Compression
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Diskette data compression can enhance the performance of the SAVE/RESTORE
or SAVEFLDR/RESTFLDR procedure by compressing the duplicate character
strings in your data files and folders.

If you have files and folders with many duplicate characters, diskette data
compression may reduce the number of diskettes you need and the amount of time
needed to process your data.

To run diskette data compression for data files, you specify the COMPRESS
parameter in the SAVE procedure; for folders you specify the COMPRESS
parameter in the SAVEFLDR procedure. When you restore the compressed files
or folders, decompression is automatically performed.

Data compression can be performed only on 2D and 2HC diskettes initialized to
FORMAT?2.

Notes:

1. If your main storage size is 128K bytes, you may not have enough storage to run
diskette data compression unless you make space by reducing the system work
load. For example, you could reduce the trace file size and the number of
programs running.

2. For information about the storage requirements, see “‘Control Storage
Requirements” in Chapter 17.



Diskette File Expiration Dates

When you copy a file, library, or folder to diskette, one of the parameters you can
specify is the number of retention days. This parameter specifies how long the
system should protect the diskette file. The system uses the value specified for
retention days to calculate the expiration date.

The calculation is:

Expiration = Current + Retention
Date Date Days

If you specify 999 for the retention days parameter, the file is considered
permanent and will never automatically expire.

The system examines the expiration date each time you create a file on diskette. If
the date has passed, the system writes over the file. For example, a diskette file
named FILE1 has an expiration date of 14 July 1983. If you copy another file to
that diskette before 14 July 1983, FILE1 is still on the diskette. However, if you
copy a third file to that diskette on or after 14 July 1983, FILE1 will no longer be
stored on the diskette; the system automatically erases FILE1 because its retention
period has expired.

The FILE OCL statement for diskette files in the System Reference manual has
more information about diskette file retention.
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Programming Guidelines for Diskette Processing

Preparing Diskettes
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This section describes procedures and techniques you can use to process diskettes.

Only IBM-supplied procedures and programs can use the diskette drive. There is
no high-level language support for diskette. In order to have your programs use
information on diskette, you must copy the diskette information to a disk file, run
your program to use the disk file, then copy the disk file back to diskette.

You prepare a diskette for use by the system by initializing the diskette using the
INIT or INITDIAG procedures. Initialization determines the number of bytes that
can be stored on each sector of the diskette. Initializing also erases any
information on the diskette.

You may or may not have to initialize your diskettes. If you are unsure about the

format of your diskettes, use the CATALOG procedure to check the diskettes.

When you initialize a diskette with the INIT procedure, the system allows you to
specify identifying information to be placed on the diskette. This identifying
information is:

¢ A 6-character name called the volume ID. You specify the volume ID on
system procedures to ensure that you are using the proper diskette.

e A l4-character name called the owner ID. This can be used to determine the
owner of a diskette. The owner ID is not checked by the system procedures,
but is displayed by the CATALOG procedure.

When you initialize a diagnostic (microcode) diskette with the INITDIAG
procedure:

« Diskettes are 2D or 2HC and 512 bytes.

« You need not specify identifying information to be written on diskette.
¢ You use the COPYDIAG procedure to copy.

+ You cannot use the CATALOG procedure.

The INIT and INITDIAG procedures in the System Reference manual have more
information about diskette initialization.



Copying, Saving or Restoring Information

Copying Information

Saving Information

The following procedures are supplied by the SSP to let you copy, save, or restore
information using diskettes. The Systems Reference manual has more information
about these procedures.

Procedure

COPYI1

COPYDIAG

FROMLIBR

POST

TOLIBR

TRANSFER

Procedure

ARCHIVE

SAVE

SAVELIBR

SAVEFLDR

SAVENRD

Description

Copies diskette files, an entire diskette, or several diskettes to
one or several diskettes.

Copies diagnostic (microcode) to other diskettes.

Copies one or more library members to diskette. To copy library
members to diskette in basic data exchange format, use the
$MAINT utility program. The Systems Reference manual has
more information about the $MAINT utility program.

Copies special E-format diskettes to disk. Also copies disk files
to diskette in the basic data exchange format.

Copies library members from a diskette file to a library.
Copies disk files to diskette in either basic data exchange or

I-data exchange format. Also copies basic data exchange or
I-data exchange format diskette files to disk.

Description

Saves a folder member from disk to diskette
Saves disk files on diskette

Saves an entire library on diskette

Saves an entire folder on diskette

Saves a network resource directory on diskette
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The system issues an error message during a save operation if a diskette is unusable
or if there is an empty-slot condition.

The system considers a diskette unusable if it has:

¢ Active files (see note)

¢ Extended VTOC in header label

« Physical damage

« Incorrect format (or does not recognize it)
¢ Incorrect label

e Incorrect geometry (bytes per sector)

« Incorrect volume ID

The system assumes an empty-slot condition when:

o The system is a single-slot system and the slot is empty.

e The system is a multiple-slot system and there is no diskette in the slot.
o The diskette is inserted wrong.

« The loading mechanism cannot remove the diskette from the magazine.

You need not start the job over again during a save operation if any of these
conditions occur or if you have a single-slot system. Recovery information for each
condition is listed below.

Unusable diskette condition: When the system issues the error message, you can
press the Attn key and request a command display. Then run one of the following

procedures to prepare the diskette: the CATALOG, the INIT, or the DELETE
procedure.

Empty-siot condition: When the system issues the error message, insert a usable
diskette and retry the save operation. You may or may not get an error message.
If you do not get an error message, the save operation will continue. If you do get
an error message, press the Attn key and request a command display. Then run
one of the following procedures to prepare the diskette: the CATALOG, the INIT,
or the DELETE procedure.

Single-slot systems: 1f you do not already have the next diskette prepared when the
system issues a message requesting the next diskette, you can press the Attn key
and request a command display. Then run one of the following procedures to
prepare the diskette: the CATALOG, the INIT, or the DELETE procedure.

Once you have prepared the diskette, you can continue the save operation.

Note: A diskette that contains active files is generally unusable for a save operation
unless:

1. All the diskette VTOC entries have been used.
2. All the data sectors on the diskette have been used.
3. A SAVE ALL operation is being performed.

4. It is not the first diskette in the save operation.



Restoring Informa;tion
Procedure Description
RESTLIBR Restores an entire library from diskette to disk.
RESTFLDR Restores an entire folder from diskette to disk.
RESTNRD Restores a network resource directory from diskette to disk.
RESTORE Restores disk files from diskette to disk.

RETRIEVE Restores a folder member from diskette to a folder on disk.

Listing Information from Diskette

To list the names of the files, libraries, and folders on diskette, use the CATALOG
procedure.

To list a disk file that was copied to diskette by the SAVE procedure or the
$COPY utility program, use the LISTDATA procedure.

If you want to list a library, a basic data exchange file, an I-exchange file, or any
other type of diskette file, use the LISTFILE procedure.

The System Reference manual has more information about these procedures.

Removing Information from Diskette

To remove information from a diskette, use the DELETE procedure. The System
Reference manual has more information about this procedure.
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Allocating the Diskette Drive to a Job
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You can use the ALLOCATE OCL statement to dedicate the diskette drive to a
job. For example, you have a procedure that saves three files (the diskette has a
volume ID of VOLO001):

SAVE FILE1,,,VOLOO1
SAVE FILE2,,,VOLOO1
SAVE FILE3,,,VOL0O1

Normally, you lose control of the diskette drive between the SAVE procedures.
That is, after FILE1 is saved but before FILE2 is saved, another procedure on the
system could use the diskette drive. This would make your SAVE FILE2
procedure wait until the other procedure ends.

You can use the ALLOCATE OCL statement to retain control of the diskette
drive throughout the three SAVE procedures:

// ALLOCATE UNIT-I1
SAVE FILE1,,,VOLOO1
SAVE FILE2,,,VOLO0O1
SAVE FILE3,,,VOL0O1

To avoid allocating the diskette drive longer than necessary, you should use the
DEALLOC OCL statement to deallocate the diskette drive. For example, your
procedure would save three files and then run another type of job that did not use
the diskette drive. You would use the DEALLOC OCL statement to allow other
jobs to use the diskette drive.

// BALLOCATE UNIT-I1
SAVE FILE1,,,VOLO0O1
SAVE FILE2,,,VOL0O1
SAVE FILE3,,,VOLOO1
// DEALLOC UNIT-I1

*

// LOAD PROG1

// RUN

In this example, if the DEALLOC OCL statement is not specified, the job retains
the diskette drive until the procedure ends. While PROG/1 is running, other jobs
would needlessly be prevented from using the diskette drive. The System Reference
manual has more information about the ALLOCATE and DEALLOC OCL
statements.



Creating a Sequential Set of Files on DIiskette

If your system has a diskette magazine drive, you can use the ALLOCATE OCL
statement to read or write a sequential set of files on diskette.

Normally, when you save or restore files, libraries, and folders from a set of
diskettes, the system starts with the location you specify in the procedure. Assume
that you want to save three files, two libraries, and two folders. Also, assume that
you have two empty diskettes in slots S1 and S2:

FILE1

FILE2 These will fit on the diskette in slot S1.
FILE3

LIBR1

LIBR2 These will fit on the diskette in slot S2.
FOLDER1

FOLDER2

$9019126-0

When you use the SAVE, SAVELIBR, or SAVEFLDR procedure to save a file,
library, or folder on diskette, the location parameter defaults to S1.

If you enter the following procedures:

SAVE FILE1,,,VOLOO1

SAVE FILE2,,,VOLOO1

SAVE FILE3,,,VOLO0O1
SAVELIBR LIBR1,,VOL0O1
SAVELIBR LIBR2,,VOL0O1
SAVEFLDR FOLDER1, ,VOLOO1
SAVEFLDR FOLDER2,,VOLOO1

the files, libraries, and folders are saved on diskette. However, after the diskette in
slot S1 becomes full, the system keeps checking that diskette for unused space. This
means that when the system saves LIBR1, LIBR2, FOLDER1, and FOLDER?2, it
wastes time by looking for unused space on the full diskette in slot S1.
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Also, if you were using a diskette magazine (which can contain up to 10 diskettes),
a lot of time would be wasted if the system were saving several files that used all 10
diskettes. The system would check each diskette for unused space before it saved
the next file, library, or folder.

You can use the ALLOCATE OCL statement to instruct the system to continue
the operation from its previous ending location. For example:

// BALLOCATE UNIT-I1,CONTINUE-YES,AUTO-YES
SAVE FILE1,,,VOLOO1

SAVE FILE2,,,VOLOO1

SAVE FILE3,,,VOLO0O1

SAVELIBR LIBR1,,VOL0O1

SAVELIBR LIBR2,,VOL0O1

SAVEFLDR FOLDER1,,VOL0O1

SAVEFLDR FOLDER2,,VOLO0O1

Now, the system begins with the diskette in slot S1 (remember, it’s the default) and
automatically goes to the other slots as needed. That is, after the diskette in slot S1
becomes full, the system no longer checks that slot until the job ends or the
DEALLOC statement is processed. The System Reference manual has more
information about the ALLOCATE OCL statement.

Changing the AUTO/NOAUTO Settings for Procedures

5-16

The AUTO/NOAUTO parameters of the diskette procedures specify whether the
system should automatically check the next diskette magazine slot for a diskette.
The default for the IBM-supplied procedures is AUTO; that is, the system
automatically checks the next slot for a diskette.

The ALLOCATE OCL statement allows you to override the AUTO/NOAUTO
parameters of procedures. You can also override the AUTO parameter of the
FILE OCL statement for diskette files. For example, the SAVE procedure
AUTO/NOAUTO parameter defaults to AUTO. You can use the ALLOCATE
OCL statement to prevent the SAVE procedure from automatically advancing to
the next diskette:

// ALLOCATE UNIT-I1,AUTO-NO
SAVE FILE1

This causes the system to use only the first slot (S1). The System Reference manual
has more information about the ALLOCATE OCL statement.



Chapter 6. Magnetic Tape Storage

The purpose of this chapter is to:

« Suggest how you can use magnetic tape storage.

« Describe the capacities of tape reels and cartridges.

« Describe the different formats you can use to store data on tape.

« Provide you with programming tips and techniques regarding tape processing.

Using Tape Storage

Primarily, tapes are used to create backup copies of information. You can also use
tapes for:

o Offline storage of files, libraries, and folders.
o Transfer of information to other systems or devices (8809 Tape Drive only).

Tapes must be initialized before they can be used. You can use the TAPEINIT
procedure to do this.
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Tape Lengths and Storage Capacities

The 8809 Tape Drive records data at 1600 bytes per inch over 9 tracks on the tape.
The system supports tape reel sizes from 15.9 cm (6.25 in.) to 26.7 cm (10.5 in.).

The IBM 6157 Tape Drive records data at 8000 bytes per inch over 9 tracks on the
tape. The system supports one tape cartridge size.

The following tables list the storage capacities of the different tapes on reel and
tapes on cartridge you can use.

Length Megabytes that
of Tape Reel Size Can Be Stored
on Reel (Diameter) (Approximate)

92 m 159cm 5

(300 ft.) (6.25 in.)

183 m 19.1 cm 10

(600 ft.) (7.51in.)

366 m 21.6 cm 20

(1200 ft.) (8.51in.)

732 m 26.7 cm 40

(2400 ft.) (10.5 in.)

Length Megabytes that

of Tape Can Be Stored

on Cartridge (Approximate)

450 ft. 40

550 ft. 48.9
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Tape Formats

The tape format describes the contents and characteristics of information stored on
the tape. The system initializes tapes differently depending on your system unit
and tape drive. This section describes the types of formats you can use.

Tape Format for 8809 Tape Drive

The system initializes tapes on reel in two formats: IBM standard labeled and
nonlabeled.

Using IBM standard labeled tapes is reccommended. This allows you to easily
determine the names of files stored on tape, as well as other information. Also,
most system procedures can only operate with IBM standard labeled tapes (for
example, SAVE and SAVELIBR).

If you use nonlabeled tapes, you have to keep track of the information on the tape,

because no labels are provided to identify the files on the tape. These SSP
procedures can be used with nonlabeled tapes: TAPECOPY and LISTFILE.

Tape Format for IBM 6157 Tape Drive
The system initializes tapes on cartridge in one format: IBM standard labeled.

This allows you to easily determine the names of files stored on tape, as well as
other information.

The TAPECOPY procedure ($TCOPY program) does not support the IBM 6157
Tape Drive (UNIT-TC). All tape files are written in fixed block record format
(RECFM-FB). The block length (BLKL) must be a multiple of 512 bytes.

How Information Is Stored on Standard Labeled Tapes

When you save a file or library on a standard labeled tape, the system creates tape
marks (TM), and header and trailer labels on the tape before and after the file or
library data. The following example shows where these are located on the tape:

Tape FILEA FILEA FILEB FILEB
FILEA . FILEB .
Volume | Tape Header (data) Tape Trailer | Tape Header (data) Tape Trailer
Label Label Label Label Label
™ ™ ™ ™ ™ ™ T™M

$9019128-0

Figure 6-1. Standard Labeled Tape Processing

Chapter 6. Magnetic Tape Storage 6-3



Header and trailer labels may include the following information about the tape file:
Header 1 Label (Present on all tapes)

o Name of the file

o Date the file was created

« File’s expiration date

« File’s sequence number (SEQNUM) from the beginning of the tape or the
beginning of a sequence of tapes

« Volume sequence number of the tape, if the file is contained on more than one
tape (such a file is called a multivolume file)

Header 2 Label (Present on tapes used with 6157 Tape Drive)
o Record length of tape file

« Record format of tape file

o Block length of tape file

User Header Label (Present on System/36 tapes only)

o Type of file that was created
o Size of file

This is only a partial list; the CATALOG procedure in the System Reference
manual has more information.

How Information Is Stored on Nonlabeled Tapes

When you copy a file to a nonlabeled tape, the system does not create header or
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