


Application Development Guide

Virtual Machine/
System Product
Release 5

SC24-5247-2



Third Edition (December 1986)

This edition, SC24-5247-2, applies to Release 5 of the IBM Virtual Machine/System
Product, (VM/SP), Program Number 5664-167, and to all subsequent releases and
modifications until otherwise indicated in new editions or Technical Newsletters.
Changes are made periodically to the information herein; before using this
publication in connection with the operation of IBM systems, consult the latest
IBM System[370, 30xx, and 4300 Processors Bibliography, GC20-0001, for the
editions that are applicable and current.

In this manual are illustrations in which names are used. These names are fanciful
and fictitious; they are used solely for illustrative purposes and not for
identification of any person or company.

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.

Summary of Changes

For a list of changes, see page 287.

Ordering Publications

Requests for publications should be made to your IBM representative or the IBM
branch office serving your locality. Publications are not stocked at the address
given below.

A form for reader’s comments is provided in this publication. If the form has been
removed, comments may be addressed to IBM Corporation, Information
Development, Dept. G60, P.O. Box 6, Endicott, NY, U.S.A. 13760. 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, 1986



Preface

This manual is an introduction to developing and running COBOL and
FORTRAN application programs under VM/SP.

This manual is designed for experienced COBOL or FORTRAN
programmers who are unfamiliar with VM/SP.

Before reading this book you may want to read VM/SP CMS Primer,
SC24-5236.

After studying the material in this manual, you’ll be able to:

e Log on to VM/SP.

o Use the editor to enter and modify program source statements.
e Save the statements in a file.

e Use a language compiler.

e View, print, and save the output from the compiler as LISTING and
TEXT files.

e Run and test a program using the test tools of VM/SP and the language
processor.

This book tells how to:

e Use ISPF or DMS/CMS to design and manage dialogs and dialog
screens.

e Use the data base management system facilities of SQL/DS in an
application program or in an EXEC.

e Prototype applications using the System Product Interpreter.

e Use the Vector Facility support furnished by VM/SP HPO.

e Debug your application program.

This is not a reference manual. After working through this book, you are

expected to consult appropriate manuals for more information on specific
subjects. For a list of books, see “Bibliography” on page 289.
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In Chapters 1 through 11, you’ll learn:

Chapter 1 How to log on and off the system, and enter VM/SP
commands.

Chapter 2 How to develop programs using CMS.

Chapter 3 How to create source programs and other files.

Chapter 4 How to compile, link-edit, and execute your programs.

Chapter 5 How to make use of the various CMS libraries.

Chapter 6 How to invoke dialog management from within the
application.

Chapter 7 How to invoke data base facilities from within the
application.

Chapter 8 How to use the System Product Interpreter (the

Restructured Extended Executor Language).

Chapter 9 How to use special features in CMS that can make certain
programming tasks easier.

Chapter 10 How to test and debug your programs in CMS.

Chapter 11 How to use the VM/SP HPO Vector Facility support with
FORTRAN programs.

See “Introducing VM/SP” on page 1 for a general overview of VM/SP.
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Introducing VM/SP

This section is an overview of the VM/SP system from an application
programmer’s point of view. When you finish, you should have an
understanding of what VM/SP is, how it's structured, and its major features
and facilities.

Virtual Machine/System Product (VM/SP), or just VM, is an operating
system that lets you and many other users each appear to have a complete
computing system environment at your disposal. This means that the
computer system itself (the hardware — CPU, disk drives, tape drives,
printers, etc.) can support a large number of users who all need the
machine at the same time.

VM allocates machine resources (hardware, storage and processing time) so

that you appear to have control over an entire self-contained, private
computing system, as in Figure 1 on page 2.
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Figure 1. CP and CMS Allow VM/SP Users to Share One System

Because you don’t really have direct control over the real machine, your
configuration is known as a virtual machine. Each virtual machine
operates in the real computer under control of a part of the VM
environment known as the Control Program (CP). The Control Program
is the resource manager for the real computer. It ensures that each virtual
machine is allocated the resources it needs to perform its own jobs.

Among the operating systems that can run in a virtual machine are
DOS/VS, MVS, and CMS. This means, for example, that an entire MVS
system can run within the VM environment. It runs exactly as it would on
a real machine, complete with support for multiple TSO users, batch jobs,
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etc. VM can support multiple virtual MVS machines, virtual DOS/VS or
VSE/AF machines, and a large number of users each running VM’s own
interactive operating system, Conversational Monitor System (CMS).

CMS is a virtual machine operating system that provides functions for you
to use at the terminal. It’s specifically designed to run in the VM
environment and depends on CP for its execution. Thus, CMS can’t operate
independently on a real machine as can other operating systems.

CMS provides an individually tailored computing environment. The CMS
environment is complete with commands, a file system, and terminal
communication facilities. CMS is an interactive environment. You invoke
CMS functions through commands entered at your terminal. Because it’s
an operating system, you can also run programs written in standard
programming languages such as Assembler, FORTRAN and COBOL. CMS
is designed to make the whole programming process easier: program design,
development, testing, and implementation. '

You enter the CMS environment from the CP environment automatically (if
your system has automatic IPL), or by issuing the IPL command (see
Loading CMS on page 15.) The IPL command loads CMS into your virtual
machine. If you’re planning to use CMS for your entire terminal session,
you shouldn’t have to IPL again unless a program failure forces you into
the CP environment.

You can tell which environment you’re in (with the exception of the input
mode of the edit environment) by pressing the RETURN or ENTER key on
a null line (that is, a line that has nothing keyed in on it). If the system
responds by displaying the prompt “CMS” it means that you’re in the CMS
environment. If the system responds by displaying the prompt “CP” it
means that you’re in the CP environment. If the system responds by
displaying the prompt “GCS” it means that you’re in the GCS environment.

When your virtual machine is in the CMS environment, you can issue any
CMS command or CP command valid for your user privilege class.

You can execute many language processors under CMS, including:

The Assembler

IBM BASIC

VS BASIC

VS APL

OS FORTRAN

VS FORTRAN

VS FORTRAN Version 2

OS/VS COBOL

OS PL/I Optimizing and Checkout Compilers

The HELP command displays information on how to use CP commands and
CMS commands, subcommands, EXECs, and explanations of VM messages.

Introducing VM/SP 3
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More About CMS

Like all operating systems, CMS has a well-defined system structure. The
three parts of CMS (Terminal System, File System, and CMS System
Services) are shown in Figure 2.

CMS
SYSTEM
SERVICES

® LIBRARY
SERVICES

TERMINAL FILE

®EDITOR
SYSTEM SERVICES SYSTEM

® COMMAND
LANGUAGE
INTERPRETER

O UTILITIES

Figure 2. The CMS System Structure. This consists of the Terminal System,
CMS System Services, and File System.

Terminal System
This is a portion of the CMS system that supports your
terminal. It reads commands entered at the keyboard and
displays system responses to those commands.

System Services
This is a portion of CMS that constitutes the basic user
interface. It consists of a number of distinct facilities,
such as:

e Library Services
e Utility Commands
e The System Product Editor
e The System Product Interpreter.
File System
This provides basic input and output services, such as read
and write operations. These I/O functions are used by the
system services and also by user programs running in the
CMS virtual machine.
Each of these has a number of commands that invoke particular CMS
features. Each makes use of the terminal system and file system portions of
CMS. Simply enter the various commands at the keyboard and you’ll see

the results displayed on the terminal.

We'll discuss the File System and System Services in a little more detail.
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System Services

Utility Commands

Most operating systems provide library facilities. These help you develop
programs and maintain an orderly environment for managing your files. A
library is a special type of CMS file that groups files (known as members)
of a similar nature and function. To manipulate libraries and their
members, you can use the library facilities, which are operating system
functions. For example, you can use the following commands:

MACLIB creates or changes a library of assembly language macros or
high-level language COPY code.

TXTLIB creates or changes a library of program object code.

GLOBAL defines certain kinds of libraries used by compilers or by CMS
itself when loading a program before running it.

Besides the commands you use for handling files and manipulating
libraries, there are a number of commands that let you reconfigure your
virtual machine, communicate with other users, and control program
development and implementation. For example, you can use the following
commands to reconfigure your minidisks:

ACCESS changes the order in which CMS searches minidisks for files or
gains access to a minidisk not yet available to CMS.

RELEASE makes a minidisk unavailable without affecting its contents.
You can use the following commands to communicate with other users:
SENDFILE lets you send one or more files to another user.

RECEIVE lets you receive a file sent to you by another user.

TELL lets you send a one-line message to another user.

NOTE lets you send a longer message to another user.

TELL and NOTE make use of a special file containing the userids of the
virtual machines of other VM users. It also contains other information,

such as their first and last names and even nicknames. You can create this
file by using the NAMES command.

Introducing VM/SP 5



Introducing VM/SP

Other utility commands let you control program development and
implementation. For example, after you have written your program using
the System Product Editor, you’ll need to compile it. Then, you’ll want to
run the program and maybe debug it. You can use the following utility
commands to accomplish these tasks:

COBOL compiles a COBOL program, using the COBOL/VS compiler.

FORTVS2 compiles a FORTRAN program, using the VS FORTRAN
Version 2 compiler.

LOAD link-edits a program and loads it into storage, ready for
execution.
START initiates execution of a program loaded into storage.

DEBUG lets you debug a running program by displaying and altering
part of storage.

TESTCOB lets you debug a COBOL program interactively.
TESTFORT lets you debug a FORTRAN program interactively.
The System Product Editor

With the System Product Editor (or just “the editor”) you can enter and
create files that will reside on a CMS minidisk. Use the XEDIT command
to call the editor and create source programs, data files, documentation
files, or special files (for example, source program update files, message
files, and display panel definitions). The editor lets you insert, delete, copy,
and relocate lines of code or data, alter character strings on a single line or
throughout a file or portion of a file, search for character strings, sort lines
within a data file, and the like.

You can also:
e [Edit more than one file at a time.
e Display more than one image or file on the terminal screen.

e Restrict the display to selected lines (for example, only those with a
certain character string).

e Display key portions of the screen in various colors (on terminals
supporting multiple-color displays).

You can display more than one image at a time to compare two files
(displayed side-by-side) or debug a source program. In debugging, you can
set up a split screen with the source program displayed on the top of the
screen and a listing of compilation errors on the bottom. You can then
debug your program by noting the list of errors on the bottom and
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correcting them in the source displayed on top. Thus, you may not need a
hardcopy listing.

You can also use the CMS editor to develop edit macros, groups of edit
subcommands executed sequentially in a known sequence but invoked by
one command. For example, you can write an edit macro to insert an EXIT
statement in a COBOL program whenever invoked or at key places in a file,
such as following the character string -EXIT every time it occurs. For
details on how to use XEDIT and its subcommands, see “Step 1: Create a
File” on page 19. For further information, see VM/[SP System Product
Editor Command and Macro Reference.

The System Product Interpreter

The System Product Interpreter is another powerful CMS tool that lets you
execute sequences of CMS commands in the same way the CMS Editor
macro facility lets you execute a sequence of XEDIT subcommands. Using
the interpreter, you can, for example, create a single command (called, in
this case, an EXEC) that compiles, link-edits, and executes an existing
COBOL or FORTRAN program. You can further enhance such an EXEC to
first invoke the CMS editor. And, if compilation errors occur, you can
reenter the editor to correct them, only going on to link edit and run the
program if no compilation errors occur.

You can use the Restructured Extended Executor language, which is
processed by the interpreter to write EXECs to prototype applications.

With the interpreter, you can develop and test algorithms before coding
them in a high-level language. Since standard programming structures
such as If-Then-Else, Do-While, SELECT-WHEN, and Do-Until are
included in the executor language, you can easily translate one of its
routines into a high-level language. “Chapter 8: EXECs” on page 191 gives
more information on how to write an EXEC.

The File System

One unique feature of the VM file system is the minidisk. A diagram of
this is shown in Figure 3 on page 8. Through the use of minidisks, Direct
Access Storage Device (DASD) space is allocated to you without having to
dedicate an entire DASD pack to you (unless all its space is needed). At the
same time, CMS maintains a secure and integral file system for the virtual
machine. When a virtual machine is defined to VM, disk space is allocated
in contiguous cylinders or blocks (depending on device type). Thus, there
can be on or more cylinder (or blocks) of DASD space allocated for the
exclusive use of your virtual machine.

Introducing VM/SP 7
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USER 1 USER

READ/WRITE READ/WRITE

[

/'READ ONLY READ/WRITE

4

USER 1 &2
D-DIskK

Figure 3. Users Can Share Disks in the “Read Only” Mode and Own Disks
in the “Read/Write” Mode

CMS support is totally responsible for file management, including blocking
and deblocking. You manipulate files by name. Individual file space is not
preallocated. It is obtained and deleted dynamically from your block of
allocated space. You can query the disk at any point to determine the
amount of free space.

Once disk space has been allocated, it’s formatted to comply with the
blocking structure of CMS and may then be used to contain CMS files that
you have created. Actually, your virtual machine may have several
minidisks defined to it. You can access up to 26 minidisks at a time.

The number 26 suggests letters of the alphabet, and this 1s in fact the way
in which CMS identifies your minidisks. This letter, known as the
filemode, becomes part of the identifier for each file on a given minidisk.

Each file is uniquely identified by this file identifier, which consists of
three parts: filename, filetype, and filemode. When you create a file, the
filename, filetype, and filemode are assigned by you. The filename and
filetype can be up to eight characters long.

Except for some standard conventions (such as the CMS system disk),
you’re in complete control of the filename and filetype of a minidisk file
and how CMS should access them.

COBOL and FORTRAN compilers require corresponding filetypes for their
respective programs. Use COBOL or FORTRAN as the filetypes of
programs you write in these languages.

CMS has many commands that address files through the file identifier or

fileid. For example, you can COPY a file from one minidisk to another (or
to the same minidisk, using a new fileid), or RENAME a file, changing the
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filename, the filetype, the filemode or all three. You can also create a new
file or modify an old one by using the XEDIT command, which invokes the
standard CMS editor. You can ERASE a file you don’t need. You can
PRINT a file. If you want to see all or part of a file without invoking the
editor, you can TYPE the file, which displays the contents on your
terminal. To see the files you have on one or more of your minidisks, you
can use the FILELIST command.

Each command has a syntax corresponding to its function. You can find all
CMS commands listed in alphabetic order in VM/SP CMS Command
Reference, along with their rules and associated messages.

The basic three-part structure of the CMS operating system simplifies your
programming process by providing you with:

e A terminal interface for line-edit and full-screen operation.
e A file access method to ensure the security and integrity of your files.

e A set of system services with utility commands, library services, an
editor, and the Command Interpreter.

We have examined the VM/SP system from an application programmer’s
point of view. VM manages the resources of a real machine so that you
have the functional equivalent of a computing system complete with
terminal, unit record, and DASD devices as needed. (VM/SP also supports
tape devices and other special devices that may be used occasionally.)

We’ve also looked briefly at VM’s unique operating system, CMS. This
system provides terminal support, a file system, and a conversational
command interface with a wide variety of functions. They range from
program design, coding, testing, debugging, implementation, and
documentation to such special features as screen dialog management and
data base access.

Finally, we have seen that VM lets you share data with other users as well
as communicate with them.

Introducing VM/SP 9
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Chapter 1: Getting Started with VM/SP

This chapter tells how to log on to VM/SP, begin your terminal session, and
log off. It discusses your keyboard and shows you how to recognize the
terminal status your system may be in.

Your Keyboard

e OOEOBEOEEOEEEEE]

00 GEWERDEEOREENA] B@

@G]@ED'

6= CEHMHOMEMNMOOOE]
Ce== ) ) (Com= )

Figure 4. An Example of a Keyboard Layout

The keyboard you are using is composed of the following:

Character Keys, which include:

e Alphabetic (A through Z)

e Numeric (0 through 9)

e Punctuation characters such as !, ,, :, ;, and ?.

e Special characters such as @, $, %, and *.

e Text characters — if your keyboard is operating in the text mode, press
and hold the CODE key, then press a character key to obtain the text
character that is engraved on its front face. For more information, see
VM|SP Terminal Reference.

Control Keys, which include:

e Program Function (PF) Keys.

You can define these keys to have either command or data-input

capability by using the SET PFnn command. For information on this
command, see VM/SP CP Command Reference.
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e Cursor Control Keys.
e Screen Management Keys, which include:

CLEAR clears the entire screen--output area, input area, and
status area.

ERASE INPUT erases the user-input area.
ERASE EOF erases from the cursor to the end of the line.

PA1 posts an attention interruption pending to the CP
command environment.

\ When working in full-screen CMS (with SET

| FULLSCREEN ON), the PA1 key no longer serves as
| an ATTENTION key, it performs a windowing

| function.

PA2 or CNCL clears the output display area.
INS MODE Press this key to enter the insert mode.

DEL deletes the character indicated at the cursor and
shifts the data line one space to the left.

Beginning Your Terminal Session

To establish contact with VM/SP, switch your terminal on. VM/SP should
respond with a screen displaying a message:

| VIRTUAL MACHINE/SYSTEM PRODUCT
| This lets you know that VM/SP is running and that you can use it. If you
| don’t receive the VM/SP ONLINE message, see VM/SP Terminal Reference

| for further instructions.

Before you can use VM/SP, you must identify yourself by giving your
userid and password:

userid a symbol (eight characters or less) that identifies your virtual
machine to VM/SP and lets you gain access to the system.

password a symbol (eight characters or less) that functions as a
protective device. No one can use your virtual machine unless
they know your password.

To get a userid and password, see your supervisor.

Note: Different installations have somewhat different ways of establishing

contact with VM/SP. The procedure at your installation may vary from the
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‘ procedure described here. Check with your supervisor or system
- administrator.

How to Log On to VM/SP

| Note: If your terminal is not a 3270-type, use the logon procedure described
| in “Logon Exception.”

| Logging On from a 3270-type Terminal

| When you have the VM/SP logo screen displayed, you are ready to initiate
| logon processing.

If your terminal is a 3270-type, you may log on directly from the logo

l
| screen. Below the actual VM/SP logo are two lines instructing you to fill
| in your userid and password. Following these instructions are three input
| lines labeled USERID, PASSWORD, and COMMAND. The cursor is placed
| at the input line for USERID.
| You may now type your userid and password in the USERID and
| PASSWORD input areas and press ENTER.
| Note: In the rest of this manual, we’ll use enter to mean that you should
| - | type in the line or lines indicated and then press the ENTER key.
| If all of the information is entered correctly, the logo is cleared from the
| screen, no further prompts will appear, and you will be logged onto the
| system. If an invalid userid or password is entered, the logo is cleared from
| the screen, and the following message and prompt will appear:
| DMKLOGO50E LOGON UNSUCCESSFUL - INCORRECT PASSWORD
| or
| DMKLOGO53E userid NOT IN CP DIRECTORY
- | Enter one of the following commands on the COMMAND line below:
| LOGON userid (Example: LOGON VMUSER1)
| DIAL userid (Example: DIAL VMUSER2)
| MSG userid message (Example: MSG VMUSER2 GOOD MORNING)
| LOGOFF
| If you enter only your PASSWORD in the input area, the following error
| message will be issued, followed by the LOGON prompts:
| DMKCFM288E LOGON FROM THE INITIAL SCREEN WAS UNSUCCESSFUL
| If your USERID, as entered, contains one or more blanks (V MUSER1), the
| following error message will be issued, followed by the LOGON prompts:
| DMKLOGOS53E V NOT IN CP DIRECTORY
A
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You may also enter your userid in the USERID input area without your
password or enter the LOGON command, followed by your userid, in the
COMMAND input area. The following prompt will appear:

ENTER PASSWORD (IT WILL NOT APPEAR WHEN TYPED) :

If your installation permits, you may enter the LOGON command followed
by your USERID and PASSWORD in the COMMAND input area.

COMMAND ===>Logon VMUSER1 password

If you have entered the information correctly, the logo is cleared from the
screen and you will be logged onto the system.

Logon Exceptions

If your terminal is not a 3270-type, and you have the VM/SP logo screen
displayed, you can now press the ENTER key on your terminal to clear the
screen and initiate logon processing.

Now enter the LOGON command. If, for example, your userid is SMITH,
then type:

logon smith

and press the ENTER key. The short form of LOGON is L, so you can just
enter 1 smith.

Note: You can enter commands using any combination of upper-case and
lower-case characters; VM/SP translates your input to upper-case.
Examples in this publication show all user-entered input lines in lower-case
characters and all system responses in upper-case characters.

If VM/SP accepts your userid, it responds by asking for your password:

ENTER PASSWORD

Carefully type your password, and then press the ENTER key. For reasons
of security you won’t see your password as you type it. If you receive the
message:

PASSWORD INCORRECT
you’ll have to start over, beginning with the LOGON command.

After you key in the proper identification, press the RETURN or ENTER
key.

If the logon procedure has been successful, VM establiskes a virtual

machine in the system for your use. While doing so, it displays progress
messages on the screen.
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| Loading CMS

W

How to Log Off

If your virtual machine has been set up to automatically Initial Program
Load (IPL) CMS for you, you’ll get a message that looks something like
this:

VM/SP CMS - 05/16/84 11:45

The terminal status displayed is VM READ. When you press ENTER, the
remainder of your virtual machine facilities are set up and a message like
this is displayed:

Ready; T=0.01/0.01 11:15:30

This is called the ready message. If AUTOCR is specified in your
directory entry, you do not have to press ENTER.

If your terminal status shows:

CP READ

after you enter your password, CMS has not been loaded. This can happen
after a CMS system failure, or because your userid has not been properly
set up by the system administrator. You’ll have to IPL. CMS yourself.
Enter:

ipl cms
When VM READ appears as the terminal status, press ENTER again. VM
responds with a ready message, as shown above, indicating that CMS is

ready to receive commands.

Note: If you get the message:

DMSACC112S A(191) DEVICE ERROR

you must format your virtual disk for use with CMS files. To help you do
this, see your supervisor or system administrator.

To end your terminal session, use the LOGOFF command. Enter:

logoff

The short form for LOGOFF is LOG.
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Terminal Status Notices

The following is explanation of all the terminal status messages that may
appear at the lower right corner of your screen.

CP READ The Control Program issued a read request to your
terminal and is waiting for a reply. After you log on,
this is the first status notice you see. It also occurs, for
example, after a message that requires a response. If
you type in your reply and press ENTER, processing
will continue. If you see this message when you don’t
expect it, enter:

B

If this doesn’t work, IPL the system again by typing:

ipl cms

then press enter, wait for the system response, and then
press enter again.

VM READ The operating system running in your virtual machine
1ssued a read request to your terminal and is waiting for
a reply. If you type in your reply and press ENTER,
processing will continue.

RUNNING CP or your virtual machine is working on something, or
is waiting for you to enter a command. RUNNING can
also occur if the screen is filled and there are no
additional lines to display. Once you’ve loaded CMS
and are using the CMS environment, this status is
almost continually in effect.

MORE... CP or your virtual machine is running, but the output
display area is full and there are more lines of output to
be displayed. When you see the screen is in this status,
you can do one of the following:

e Press the CLEAR, CANCEL, or PA2 keys to clear
the screen and see the next screen.

e Press the ENTER key to hold the screen in its
present status. This changes the status to
HOLDING.

If you don’t do either, after 60 seconds, the screen is
cleared and the next screen is displayed.

HOLDING This status appears when the screen displayed a
MORE... notice and you pressed the ENTER key. CP
or your virtual machine is running and the screen is
full. This notice can also appear when another user
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sends you a message. To end the hold, press the CLEAR
key.

NOT ACCEPTED You typed a command or a line of data and pressed
ENTER, but the terminal buffer is full and can’t accept
it. VM/SP locks the keyboard for about three seconds
while it displays the NOT ACCEPTED status, then
reverts to the previous status.

The rejected data stays in the user input area of the
screen so you can retry the operation without typing it
again. Just press ENTER after the NOT ACCEPTED
notice goes away.

When you are working in full-screen CMS (with SET FULLSCREEN ON),
the following status messages will be displayed.

Note: For a complete explanation of the SET FULLSCREEN ON command,
refer to the CMS Command Reference.

Executing a command: The system is processing your command.

Enter your response in vscreen ‘vname’: The system is waiting for you to
reply to a request.

Note: In this message vname will be replaced by the name of the virtual
screen in which you are to enter your response.

Scroll for more information in vscreen ‘vname’: To see the waiting
information you must scroll forward a window that is showing the specified
vscreen.

Enter a command or press a PF or PA key: The system is waiting to
process your next input.

Note: In this message vname will be replaced by the name of a virtual
screen. You must scroll forward a window connected to the virtual screen
in order to see the waiting information.

In this chapter, you learned how to log on to VM and begin your terminal
session, and how to log off. You became familiar with your keyboard and
learned how to recognize the terminal status of your system.
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Chapter 2: Developing Programs Using CMS

In this chapter, you’ll learn how to create a file, invoke the System Product
Editor, enter a COBOL or FORTRAN source program, save the program,
compile the program, and execute it.

We’ll do this in three steps:

1. Create a file containing a program.

2. Compile the program.

3. Run the program.

If you're not already logged on, do so now. The log on procedure is
described in “How to Log On to VM/SP” on page 13.

Step 1: Create a File

The System Product Editor, which we’ll also refer to simply as . the
editor, is a full-screen editor that creates or modifies files.

In this chapter you’re going to use the System Product Editor to create a
file, enter a program, and then file it. Modifying the file and manipulating
various options are discussed in “Chapter 3: Using the System Product
Editor” on page 39.

If you’re programming in FORTRAN, skip to “Creating a FORTRAN File”
on page 24.

Creating a COBOL File
You invoke the System Product Editor by entering the XEDIT command,
followed by the file identifier of the file you want to create or edit. If there

are options you want to apply to this session, put them next, after an open
parenthesis.
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For example, your XEDIT command might look like this:
xedit testprog cobol a (noprof

|—)This invokes the no profile option,
as explained below.

This indicates that you are invoking
XEDIT options.

This is the filemode
of the file.

—» This is the filetype
of the file.

——» This is the filename of
the file you are editing
or creating.

————» This is the name of the command that invokes the
System Product Editor.

Note: If you plan to go through this book doing both the COBOL and
FORTRAN examples, make sure you give the two files you create different
filenames (that is, you must change testprog to something else for the
second language).

In our example we’ll use a file with the file identifier TESTPROG COBOL
A. The filename (TESTPROG), and the filetype (COBOL), are parts of the
identifier you assign when you create the file. The filemode (A) is
automatically assigned by CMS.

Issue the XEDIT command now. Enter:

xedit testprog cobol a (noprof
(You can use X as an abbreviation for XEDIT.)

Note: We're using the noprof (no profile) option to make sure that your
screen looks as shown in this manual, no matter how your installation has
customized the programmer environment. Normally you’d enter the
command:

xedit testprog cobol a

or just

X testprog cobol a
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Your display

screen should look like this:

(>TESTPROG COBOL
Creating new file:

Al

ssEmge eiliomsateeeeleaes
* End of File * * *

F 80 Trunc=72 Size=0 LINE=0 Col=1 Alt=0

toeoen

XEDIT 1 File

J

Here are what the various parts of the screen mean:

TESTPROG

COBOL

Al

F

80

Trunc=172

Size=0
Line=0

Col=1

is the filename.

is the filetype.

is the filemode.

is the type of file format, where:

e F = fixed length records

V = variable length records

is the record length.

indicates when truncation begins. If the number is less than
the record length, data entered at this column or beyond is
ignored.

is the number of records in the file.

indicates the line number of the current line.

indicates the position of the column pointer. The celumn
pointer is the vertical bar (]) in column 1 of the scale.
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Alt=0 indicates the number of alterations that have been made to the
file since the file has been saved.

== === ig the prefix area of each display line.

points to the command area. Next to the arrow is the cursor.
The cursor indicates where the next character you key in will
appear.

XEDIT 1 File
is the session identifier message. It indicates the number of
files you're editing.

The editor operates in two basic modes: the edit mode and the input mode.
We'll use the input mode of the editor to create, and add to, the file. For
more information about the editor, see “Chapter 3: Using the System
Product Editor” on page 39.

To get into the input mode, enter:
i

to invoke the editor and receive the initial input mode display:

f TESTPROG COBOL Al F 80 Trunc=72 Size=9 Line=0 Col=1 Alt=0 W
Input mode:

LR o s T e 0 - TN
WL, s e DR R QA TS o AN T e B8 o AL g T BN R N 4

====> % * * Input Zone * * *
Input-mode 1 File

\_ J

The cursor is now positioned at the first character of the first line. You're
ready to enter a source program into the file. (See Appendix A, “Complete
COBOL Program Examples” on page 271 for a complete listing of this
program.) Press PF4 or PF16 to tab over to column 8. If you don’t have PF
keys on your keyboard, space over to column 8.
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Enter:

identification division.
The cursor is now at the first data position of the second line.

Your display screen looks like this:

Input mode:

_

r'TESTPROG COBOL Al F 80 Trunc=72 Size=10 Line=1 Col=1 Alt=l ‘}

ke &EVTOY.of File * * *
IDENTIFICATION DIVISION.

R L e o e e I e I R L T i O R - S Y L e

====> * _.%* * Input Zone * * *

Input-mode 1 File

W,

Continue entering the following lines in this manner until the full program

has been entered. To enter several lines at a time, use the RETURN key

rather than the ENTER key. You don’t have to press the ENTER key until

you’ve filled up the input area.

PROGRAM-ID. MYPROG.
ENVIRONMENT DIVISION.
DATA DIVISION.
WORKING-STORAGE SECTION.

77 FNAME PIC X(22) VALUE "ENTER YOUR FIRST NAME.".
77 LNAME PIC X(23) VALUE "AND NOW YOUR LAST NAME.".
01 ANSWR.

05 ANSLT PIC X(16) VALUE "WELCOME TO CMS, ".

05 AFRST PIC X(8) VALUE SPACES.

05 FILLER PIC X VALUE SPACES.

05 ALAST PIC X(8) VALUE SPACES.

PROCEDURE DIVISION.
DISPLAY FNAME UPON CONSOLE.
ACCEPT AFRST FROM CONSOLE.
DISPLAY LNAME UPON CONSOLE.
ACCEPT ALAST FROM CONSOLE.
DISPLAY ANSWR UPON CONSOLE.
STOP RUN.
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Your display now looks like this:

rTESTPROG COBOL Al F 80 Trunc=72 Size=28 Line=19 Col=1 Alt=19 \
05 AFRST PIC X(8) VALUE SPACES.
05 FILLER PIC X VALUE SPACES.
05 ALAST PIC X(8) VALUE SPACES.

PROCEDURE DIVISION.
DISPLAY FNAME UPON CONSOLE.
ACCEPT AFRST FROM CONSOLE.
DISPLAY LNAME UPON CONSOLE.
ACCEPT ALAST FROM CONSOLE.
DISPLAY ANSWR UPON CONSOLE.
STOP RUN.
FosaFesnoboisiFame s2iunssFumgwTns nnily doollls o oreibins o eO Lottt ndobio o oten. 7.2

==> * * * Tnput Zone * * *
Input-mode 1 File

\ J

Now press ENTER to put the cursor on the command line.

If you are programming in COBOL, skip to “Saving Your File” on page 29.

Creating a FORTRAN File
You invoke the System Product Editor by entering the XEDIT command,
followed by the file identifier of the file you want to create or edit. If there
are options you want to apply to this session, put them next, after an open

parenthesis.

For example, your XEDIT command might look like this:
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xedit testprog fortran a (noprof

This invokes the no profile option,
as explained below.
This indicates that you are invoking

XEDIT options.

This is the filemode
of the file.

—» This is the filetype
of the file.

» This is the filename of
the file you are editing
or creating.

————» This is the name of the command that invokes the
System Product Editor.

Note: If you plan to go through this book doing both the COBOL and
FORTRAN examples, make sure you give the two files you create different
filenames (that 1s, you must change testprog to something else for the
second language).

In our example we’ll use a file with the file identifier TESTPROG
FORTRAN A. The filename (TESTPROG), and the filetype (FORTRAN),
are parts of the identifier assigned by you when you create the file. The
filemode designates on which disk the file is to reside. CMS assigns A if
the filemode is not specified for a new file.

Issue the XEDIT command now. Enter:

xedit testprog fortran a (noprof
(You can use X as an abbreviation for XEDIT.)

We're using the noprof (no profile) option to make sure that your screen
looks as shown in this manual, no matter how your installation has
customized the programmer environment. Normally you’d enter the
command:

xedit testprog fortran a

or just

x testprog fortran
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Your display screen should look like this:

(TESTPROG FORTRAN Al F 80 Trunc=72 Size=0 Line=0 Col=1 Alt=0 \
Creating new file:

sk Kk ¥ TOP of File * * %
Pk mbe s cbdesgatn it aoan FooawBpasataseedeee  favadBeoeotos e i®loiates.aTe?
Ee=s== %ok % Bnd.of File * * *

XEDIT 1 File

\ J

Here are what the various parts of the screen mean:

TESTPROG is the filename.

FORTRAN is the filetype.

Al is the filemode.

F is the type of file format, where:

e F = fixed length records
e V = variable length records
80 is the record length.
Trunc=72 indicates when truncation begins. If the number is less

than the record length, data entered at this column or
beyond is ignored.

Size=0 is the number of records in the file.

Line=0 indicates the line number of the current line.

Col=1 indicates the position of the column pointer. The
column pointer is the vertical bar (|) in column 1 of the
scale.
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Alt=0 indicates the number of alterations that have been
made to the file since the file has been saved.

===== is the prefix area of each display line.

====> points to the command area. Next to the arrow is the
cursor. The cursor indicates where the next character
you key in will appear.

XEDIT 1File isthe session identifier message. It indicates the
number of files you're editing.

The editor operates in two basic modes: the edit mode and the input mode.
We'll use the input mode of the editor to create, and add to, the file. For
more information about the editor, see “Chapter 3: Using the System
Product Editor” on page 39.

To get into the input mode, enter:
i

to invoke the editor and receive the initial input mode display:

\.

+.u

oo

(TESTPROG FORTRAN Al F 80 Trunc=72 Size=9 Line=0 Col=1 Alt=0 \
Input mode:

* * * Top of File * * *

o PR e I

====> * * * Input Zone * * *

A IV S R R AT SR, S R-iaktty v M. AL«

Input-mode 1 File

W,

The cursor is now positioned at the first character of the first line. You’re
ready to enter a source program into the file. (See Appendix B, “Complete
FORTRAN Program Examples” on page 277 for a complete listing of this
program.) Press PF4 or PF16 to tab over to column 7. If you don’t have PF
keys on your keyboard, space over to column 7.
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(TS S T [ S S e N R B e B P e D B L et A G i PR T ey L Y S W0 WA T A ]
Enter:
program myprog
The cursor is now at the first data position of the second line.

Your display screen looks like this:

('TESTPROG FORTRAN Al F 80 Trunc=72 Size=10 Line=1 Col=1l Alt=1 ‘\

* * * Top of File * * *
PROGRAM MYPROG
[ A T R e ETTTITE- R T - SR Y S

====> * * * Input Zone * * *
Input-mode 1 File

_ y,

Continue entering the following lines in this manner until the complete
program has been entered. To enter several lines at a time, use the
RETURN key (<--) rather than the ENTER key. You don’t have to press
the ENTER key until you’ve filled up the input area.

CHARACTER*8 F,S

WRITE (6,5)

READ (5,2) F

WRITE (6,10)

READ (5,2) S

WRITE (6,15) F,S
2 FORMAT (A8)
5 FORMAT (' ENTER YOUR FIRST NAME.')
10 FORMAT (' AND NOW YOUR LAST NAME.')
15 FORMAT (' WELCOME TO CMS, ',A8,1X,A8)

STOP

END
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Your display now looks like this:

('TESTPROG FORTRAN Al F 80 Trunc=72 Size=22 Line=13 Col=1 Alt=13 ~\

READ (5,2) F
WRITE (6,10)
READ (5,2) S
WRITE (6,15) F,S

2 FORMAT (A8)
5 FORMAT (' ENTER YOUR FIRST NAME.')
10 FORMAT (' AND NOW YOUR LAST NAME.')
15 FORMAT (' WELCOME TO CMS, ',A8,1X,A8)
STOP
END
| e SN % 2 + 3 + 4. + 5 + 6 + 7.>

====> * * * Input Zone * * *
Input-mode 1 File

\ J

Now press ENTER to put the cursor on the command line.

Saving Your File
At this point, let’s save the file. This can be done in one of two ways:
e SAVE and continue the session
e FILE and end the session
To do either you must leave the input mode and issue a command from the
command line. To leave the input mode press the ENTER key twice, if you

haven’t already done so.

Now that the cursor is at the command line, enter:

save

The file is saved and we’re still in our editing session. The screen has not
been cleared and we can continue working.

It’s a good idea to issue the SAVE command periodically while working on
a file. This ensures that your work is not lost in the event of a system

problem.

The FILE command saves the file, and also ends the session. Because
you’ve just issued the SAVE command, you’re no longer in the input mode
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and can issue the FILE command now. To see this, enter the FILE
command (the cursor should still be in the command line):

file

The editor session is over, and the file has been saved. The editor screen no
longer appears and the standard CMS ready message is displayed.

Step 2: Compile The Program

We're now going to compile the program you’ve written. To compile a
program, you need:

e Sufficient storage.

e The appropriate CMS command for the compiler you want to use
(COBOL or FORTVS2).

o The filename of the source file. You created the source program using
the editor.

® Any compiler options that you want. These options are equivalent to
the options you’d specify on the PARM parameter of an EXEC job
control statement.

If you’re compiling in COBOL, you probably have enough storage for the
compiler. If you’re using the VS FORTRAN Version 2 compiler, you'll need

at least 3M to compile your program.

To find out how much storage you have, enter:

query storage

The system responds with a message like:

STORAGE = 512K (or 1024K or 2048K or 3060K)

Get more storage, by entering:

define storage 2048K

or

define storage 2M
Then type [IPL CMS | and press enter twice.

After invoking the compiler and after the compiler finishes executing, it
displays compilation error messages on your terminal, and writes them into
the LISTING file.
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The diagnostic messages displayed during compilation help you identify
problems in the source program. You may not have to examine the
LISTING file at all.

If necessary, you can review the LISTING file by using the editor. The
editor lets you edit multiple files and display multiple screen images. You
can display both the source program and the listing at the same time (the
source program on the top half of the screen, the listing on the bottom
half.). If your diagnostic messages indicate errors in the source program,
you can examine the messages in the listing and correct the corresponding
source statements during the same editor session.

To print a copy of the listing on your virtual printer, you use the PRINT
command. For some installations, you may have to also transfer from your
virtual printer to the specific printer that you want your output to be
printed on.

Along with diagnostic messages and the LISTING file, the compiler
produces a relocatable object module with a filetype of TEXT. You can
load the TEXT file into storage when you want to execute your program.
If you’re programming in FORTRAN, skip to “Compiling Your FORTRAN
Program” on page 34.

Compiling Your COBOL Program

The CMS command that invokes the OS/VS COBOL Compiler is simply
COBOL.

Enter the following line on your terminal:

cobol testprog

The OS/VS COBOL compiler is now compiling your program. When the
program has compiled correctly, it displays a message:
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(%eady; <\

cobol testprog

REL2.4 0S/VS COBOL IN PROCESS
Ready; T=0.13/0.26 15:30:04

RUNNING

If you had any errors in your program:

e [Edit the source program.

e Correct the errors and enter a FILE command.
e (Compile the program again.

When the compiler is finished, enter:

filelist testprog
This lists all the files on your A-disk with the filename TESTPROG.

The TEXT file created by the COBOL compiler contains the
machine-language object code. This file is only executable in the CMS
environment. (See “Step 3: Run The Program” on page 37.) The LISTING
file contains the compilation listing for the source file you’re compiling.

To print a copy of the LISTING file, use the PRINT command: (For some
installations, you may have to also transfer from your virtual printer to the
specific printer that you want your output to be printed on.)

print testprog listing

Figure 5 on page 33 illustrates what happens in your system when you
compile your program.
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Figure 5. Compiling a COBOL Program

If you’re programming in COBOL, skip to “Step 3: Run The Program” on
page 37.
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Compiling Your FORTRAN Program
Several FORTRAN compilers are available to you. We’ll use the VS
FORTRAN Version 2 compiler. The file must contain 80-byte, fixed-length
records. The filetype must be FORTRAN.

Enter the following line:

fortvs2 testprog
The compiler is now compiling your program.

Figure 6 on page 36 shows what happens in the VM system when you
compile a FORTRAN program.

When the program has compiled correctly, you will see the following
message On your screen:

(fortvsz testprog N
VS FORTRAN VERSION 2 COMPILER ENTERED. 15:33:48

*%*%*% END OF COMPILATION 1 *****%
VS FORTRAN VERSION 2 COMPILER EXITED. 15:33:48

Ready; T=0.06/0.02 15:33:49

RUNNING
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