Program Product

SC28-6456-0

IBM OS Full American

National Standard COBOL
Compiler and Library, Version 4,
Programmer’s Guide

Program Numbers: 5734-CB2
5734-LM2

This publication describes how to compile an American
National Standard COBOL X3.23-1968 program using
Version 4 of the IBM Operating System Full American
National Standard COBOL compiler. It also discusses
how to link edit and execute or load the program under
control of the IBM Operating System. There is a
description of the output of each of these steps, i.e.,
compile, link edit, load, and execute. In addition, there
is an explanation of the features of the compiler and
available options of the operating system.

&)
=



This edition corresponds to Version 4 of the IBM OS Full American
National Standard COBOL Compiler,

Changes are periodically made to the information herein; any such
changes will be reported in subsequent revisions or Technical
Newsletters. Before using this publication in connection with the
operation of IBM systems, refer to the latest SRL Newsletter, Order
No. GN20-0360, for editions that are applicable and current.

Requests for copies of IBM publications should be made to your IBM
representative or to the IBM branch office serving your locality.

A form for readers' comments is provided at the back of this
publication. If the form has been removed, comments may be addressed to
IBM Corporation, Programming Publications, 1271 Avenue of the Americas,
New York, New York 10020.

© Copyright International Business Machines Corporation 1972



The purpose of this publication is to
enable programmers to compile, link-edit,
and execute, or compile and load Full
American National Standard COBOL Compiler
and Library, Version 4, programs under
control of the IBM Operating System. The
COBOL language is described in the
publication IBM_OS_Full American National
Standard COBOL, Order No. GC28-6396, which
is a corequisite to this publication.

Programmers who are familiar with the
operating system and wish to know how to
run COBOL programs should read "Job Control
Statements®™ and "Data Set Requirements"
under "Job Control Procedures, " and
"Output." These chapters provide
information about the preparation of COBOL
programs for processing by the operating
system.

Programmers who are unfamiliar with the
concepts of 0S should read "Introduction,"
"Job control Procedures," "Checklist for
Job Ccontrol Procedures,” and "Using
Cataloged Procedures" in addition to the
sections listed above.

The chapters "Program Checkout"™ and
"Programming Techniques" are of special
interest, since they contain information
about debugging and efficient programming.
Other chapters discuss optional features of
the language and the operating system.

Some chapters include introductory
information about features of the operating
system that are described in detail in
other publications.

The chief features available with this
compiler are Optimized Object Code, COBOL
Teleprocessing, and Advanced Symbolic
Debugging capabilities. With the
Teleprocessing Feature, the user can write
device-independent message-processing
programs using COBOL language statements to
send and receive messages over a
communications network. The Optimized
Object Code Feature allows for a
considerabie reduction in object-time cocde.
Advanced Symbolic Debugging --
incorporating symbolic dumping
capabilities, a flow trace of a
user-specified number of procedures, and
the number of the source statement causing
abnormal termination -- can result in a
marked saving of debugging time.

Additional features of this compiler
provide for a syntax-only compilation,
significantly reducing compilation time;
the sharing of reentrant COBOL object-time

library subroutines by multiple
regions/partitions; dynamic invocation and
release of user subprograms; and
manipulation of data to separate contiguous
data into multiple logical subfields or to
concatenate two or more subfields into a
single field.

The machine configuration required for
system operations is described in the
chapter "Machine Considerations.”

Wider and more detailed discussions of
the operating system are given in the
following publications:

IBM OS Job Control Lanquage Reference,
Order No. GC28-6704

IBM OS Job Control Langquage Charts,

Order No. GC28-6632

IBM OS System Programmer's Guide, Order
No. GC28-6550

IBM OS Linkage Editor and Loader, Order

No. GC28-6538

IBM OS Supervisor Services, Order
No. GC28-6646

IBM OS Data Management Services, Order

No. GC26-3746

IBM OS Supervisor and Data Management
Macro Instructions, Order No. GC28-66U47

IBM OS Sort/Merge, Order No. GC28-6543

IBM OS Sort/Merge Programmer's Guide,
Order No. SC33-4007

IBM OS Utilities, Order No. GC28-6586

IBM OS System Generation, Order

No. GC28-6554

IBM 0S Programmer's Guide to Debugging,

Order No. GC28-6670

IBM OS Storage Estimates, Order

No. GC28-6551

IBM OS Messages and Codes, Order No.

GC28-6631

Diagnostic messages, together with their
problem determination documentation can be
found in the following publication:



IBM _OS Full American National Standard
COBOL, Version 4 Messages, Order
No. SC28-6457

Information on installing the compiler
and using it under the Time Sharing Option
(TSO) of the IBM Operating System can be
found in the following Program Product
publications:

IBM OS Full American National Standard
COBOL_Compiler and Library, Version 4,
Installation Reference Material, Order
No. SC28-6458

IBM 0S (TSO): COBOL Prompter
Installation Reference Material, Order
No. SC28-6434

The COBOL teleprocessing user must write
a message control program (MCP) to handle
messages transmitted between remote
stations and the central computer before
they can be processed by a COBOL program.
General telecommunications access method
(TCAM) information, as well as specific
guidelines for creating an MCP, can be
found in the following publications:

IBM OS Telecommunications Access Method
(TCAM) Concepts and Facilities, Order
No. GC30-2022.

IBM OS Telecommunications Access Method
(TCAM) Programmer's Guide and Reference
Material, Order No. GC30-2024.
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An American National Standard COBOL
program can be processed by the IBM
Operating System. The operating system
consists of a number of processing programs

and a control program.

The processing programs include the
COBOL compiler, service programs, and any
user-written programs.

The control program supervises the
execution or loading of the processing
programs; controls the location, storage,
and retrieval of data; and schedules jobs
for continuous processing.

A request to the operating system for
facilities and scheduling of program
execution is called a job. For example, a
job could consist of compiling a program by
utilizing the COBOL compiler. A job
consists of one or more job steps, each of
which specifies execution of a program.

The programmer can make requests to the
operating system by using job control
statements.

Each job is headed by a JOB statement
that identifies the job. Each job step is
headed by an EXEC statement that describes
the job step and calls for execution.
Included in each job step are data
definition (DD} statements, which describe
data sets and request allocation of
input/output devices.

The data processed by execution of any
processing program must be in the form of a
data set. A data set is a named, organized
collection of one or more records that are
logically related. Information in a data
set may or may not be restricted to a
specific type, purpose, or storage medium.
A data set may be, for example, a source
program, a library of subroutines, or a
group of data records that is to be
processed by a COBOL program.

A data set resides in one oOr more
volumes. A volume is a unit of external
storage that is accessible to an
input/output device. For example, a volume
may be a reel of tape or it may be a mass
storage device.

To facilitate retrieval of a data set,
the serial number of the volume upon which
it resides can be entered, along with the

INTRODUCTION

data set name, in the system catalog of
data sets. The catalog itself is a data
set residing on one or more mass storage
devices. It is organized into indexes that
relate each data set name to its location--
the volume in which it resides and its
position within the volume. Only the data
set name and DISP parameter need be
specified to identify a cataloged data set
to the system.

The catalog 1s originally created by a
utility program. Once the catalog exists,
any data set residing on either a mass
storage device or a magnetic tape volume
can be cataloged automatically by use of a
catalog subparameter in a DD statement that
refers to the data set.

Several input/output devices grouped
together and given a single name when the
class. Each device class can be referred
to by a collective name. For example, one
device class called SYSDA could consist of
all the mass storage devices in the
installation; another called SYSSQ could
consist of all the mass storage devices and
tape devices.

EXECUTING A COBOL PROGRAM

Four basic operations are performed to
execute a COBOL program:

¢ Compilation
e Linkage editing
e Loading

e Execution

COMPILATION

Compilation is the process of

‘translating a COBOL source program into a

series of instructions comprehensible to
the computer, i.e., machine language. In
operating system terminology, the input
{(source program) to the compiler is called
the source module. The output (compiled
source program) from the compiler is called
the object module.

Introduction 15



LINKAGE EDITING

The linkage editor is a service program
that prepares object modules for execution.
It can also be used to combine two or more
separately compiled object modules into a
format suitable for exécution as a single
program. The executable output of the
which must always be stored as a member of
a partitioned data set.

In addition to processing object
modules, the linkage editor can combine
previously edited load modules, with or
without one or more object modules, to form
one load module.

During the process of linkage editing,
external references between different
modules are resolved.

LOADING

The Loader is a service program that
processes COBOL object and load modules,
resolves any references to subprograms, and
executes the loaded module. All these
functions are performed in one step. The
Loader cannot produce load modules for a
program library.

For detailed information on the Loader,
see the publication IBM OS Linkage Editor
and Loader, where a discussion of invoking
the Loader can be found in "Using the
Cataloged Procedures."

EXECUTION

Actual execution is under supervision of
the control program, which obtains a load
module from a library, loads it into main
storage, and initiates execution of the
machine language instructions contained in
the load module.

[
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OPERATING SYSTEM ENVIRONMENTS

The IBM Operating System offers two
control programs. These are
Multiprogramming with a Fixed Number of
Tasks (MFT) and Multiprogramming with a
Variable Number of Tasks (MVT).

MULTIPROGRAMMING WITH A FIXED NUMBER OF
TASKS

The multiprogramming with a fixed number
of tasks (MFT) control program divides
storage into a number of discrete areas
called partitions. Job steps are directed
to these partitions using a priority
scheduling system; that is, jobs are not
executed as encountered in the job stream
but according to a priority code. The MFT
control program provides for:

e Priority scheduling of jobs using the
class code

e Concurrent scheduling and execution of
up to 15 separately protected jobs

e Reading one or more input streams

For further information about the
various optional features of the MFT
control program, see the publication IBM_O0OS
Storage Estimates.

MULTIPROGRAMMING WITH A VARIABLE NUMBER OF
TASKS

The multiprogramming with a variable
number of tasks (MVT) control program
divides storage into areas called regions.
Like MFT, the MVT control program uses a
priority scheduling system and provides for
concurrent execution of up to 15 jobs. 1In
addition, the MVT control program provides
for assignment of storage regions on a
variable basis according to a region code.



Communication between the COBOL
programmer and the job scheduler is
effected through nine job control
statements (hereinafter called control
statements) :

1. Job Statement

2. Execute Statement

3. Data Definition Statement
4, PROC Statement

5. PEND Statement

6. Command Statement

7. Delimiter Statement

8. Null Statement

9. Comment Statement

Parameters coded in these control
statements aid the job scheduler in
regulating the execution of jobs and job
steps, retrieving and disposing of data,
allocating input/output resources, and
communicating with the operator.

The job statement {(hereinafter called
the JOB statement) marks the beginning of a
job and, when jobs are stacked in the input
stream, marks the end of the control
statements for the preceding job. It may
contain accounting information for use by
an installation's accounting routines, give
conditions for early termination of the
job, and regulate the display of job
scheduler messages. With priority
schedulers, additional parameters are used
to assign job priority, to request a
specific class for job scheduler messages,
to specify the amount of main storage to be
allocated to the job, and to hold a job for
later execution.

The execute statement (or EXEC
statement) marks the beginning of a job
step and identifies the program to be
executed or the cataloged procedure to be
used. It may also provide job step
accounting information, give conditions for
bypassing the job step, and pass control
information to a processing program. With
priority schedulers, additional parameters
assign a time limit for the execution of
the job step and specify the amount of main
storage to be allocated.

JOB_CONTROL PROCEDURES

The data definition statement (or DD
statement) describes a data set and
requests the allocation of input/output
resources. The DD statement parameters
identify the data set, give volume and unit
information and disposition, and describe
the labels and physical attributes of the
data set.

The PROC_statement appears as the first
control statement in a cataloged procedure
or an in-stream procedure and is used to
assign default values to symbolic
parameters defined in the procedure.

The PEND statement appears as the last
control statement in an in-stream procedure
and marks the end of the in-stream
procedure. For further information about
in-stream procedures, refer to the topic
"Testing a Procedure as an In-Stream
Procedure” in the chapter "Using the
Cataloged Procedures."

The command statement is used by the
operator to enter commands through the
input stream. Commands can activate or
deactivate system input and output units,
request printouts and displays, and perform
a number of other operator functions.

The delimiter statement and the null
statement are markers in an input stream.
The delimiter statement is used, when data
is included in the input stream, to
separate the data from subsequent control
statements. The null statement can be used
to mark the end of the control statements
for certain jobs.

The comment statement can be inserted
before or after any control statement and
can contain any information deemed helpful
by the person who codes the control
statements. Comments can be coded in
columns 4 through 80. The comment cannot
be continued onto another statement. If
the comment statement appears on a system
output listing, it can be identified by the
appearance of asterisks in columns 1
through 3.

The sequence of control statements
required to specify a job is called a job
control procedure.

For example, the job control procedure
shown in Figure 1 could be placed in the
input stream to compile a COBOL source
module.
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//JOB1 JOB
|//STEPL
|//SYSUT1 DD
|//SYSUT2 DD
|//SYSUT3 DD
| //sYSUTY DD
| //SYSPRINT DD SYSOUT=A
{//SYSPUNCH DD SYSOUT=B
//SYSIN DD *
(source deck)

PGM=IKFCBL00,PARM=DECK

Figure 1. Job Control Procedure

In the illustration, JOB1 is the name of
the job. The JOB statement indicates the
beginning of a job.

STEPl is the name of the single job step
in the job. The EXEC statement specifies
that the IBM 0OS Full American National
Standard COBOL Compiler (IKFCBLO0OO) is to
execute the job. The statement also
specifies that a card deck of the object
module is to be produced (PARM=DECK).

Note: Under MVT a REGION parameter is also
required.

The SYSUT1, SYsSUT2, SYSUT3, SYSUT4, and
SYSUTS (if the SYMDMP option is specified
in the PARM parameter of the EXEC card) DD
statements define utility data sets used by
the compiler to process the source module.
The names of the data sets defined by
SYSUT1, SYSUT2, SYSUT3, SYSUT4, and SYSUT5S
are £&UT1, §&UT2, &&UT3, §&UTL, and &EUTS,
respectively. SYSUT1 must be on a mass
storage device (UNIT=SYSDA). The system
will allocate 40 tracks of space to SYSUT1
[SPACE=(TRK, (40))]. The other three
utility data sets are assigned either to
any available tape, in which case the SPACE
parameter is ignored, or to a mass storage
unit (UNIT=SYSSQ).

The SYSPRINT DD statement defines the
data set that is to be printed. SYSOUT=A
is the standard designation for data sets
whose destination is the system output
device, usually indicating that the data
set is to be listed on a printer.

The SYSPUNCH DD statement defines the
data set that is to be punched. SYSOUT=B
designates a card punch.

The SYSIN DD statement defines the data
set (in this case, the source module) that
is to be used as input to the job step.
The asterisk (*) indicates that the input
data set follows in the input stream.

—
[o¢]

DSNAME=§§UTL,UNIT=SYSDA,SPACE= (TRK, (40))
DSNAME=§&§UT2,UNIT=SYSSQ,SPACE=(TRK, (40))
DSNAME=§§UT3, UNIT=SYSSQ, SPACE=(TRK, (40))

DSNAME=¢ §UT4 ,UNIT=SYSSQ,SPACE=(TRK, {40))

The delimiter (/%) statement separates
data from subsequent control statements in
the input stream.

Output from this job step includes any
diagnostic messages associated with the
compilation. They are printed in the data
set specified by SYSPRINT.

Note: SYSDA, SYSQ, A, and B are
IBM-specified device class names. If they
are to be used, they must be incorporated
at system generation time. If SYSOUT=B is
to be used, the unit name SYSCP must be
specified at system generation.

To avoid rewriting these statements, and
the possibility of error, the programmer
may place frequently used procedures on a
system library called the procedure
library. A procedure contained in the
procedure. A cataloged procedure can be
called for execution by placing in the
input stream a simple procedure that may
require only the JOB and EXEC statements.

If slightly modified, the procedure in
the previous example can be cataloged,
i.e., placed in the procedure library. For
example, if it were cataloged and given the
name CATPROC, it could be called for
execution by placing the statements shown
in Figure 2 in the input stream.

R -
|

//3J0B2 JOB
| //STEPA EXEC PROC=CATPROC

|
I
| //STEP1.SYSIN DD * |
| (source deck) |

I

In Figure 2, JOB2 is the name of the job.
STEPA is the name of the single job step.



The EXEC statement calls the cataloged
procedure containing STEP1 to execute the
job step (PROC=CATPROC).

A procedure can be tested before it is
placed in the procedure library by
converting it into an in-stream procedure.
An in-stream procedure can be executed any
number of times during a job. For further
information about in-stream procedures,
refer to the topic "Testing a Procedure as
an In-Stream Procedure” in "Using the
Cataloged Procedures."

"User File Processing®" and "Appendix I:
Checklist for Job Control Procedures"
explain, with numerous examples, the
preparation of job control procedures.
"Data Set Requirements" describes regquired
and optional data sets for compilation,
linkage editing, and execution time job
steps. The chapter "Using Cataloged
Procedures™ provides information about
using and modifying cataloged procedures.

The section "Control Statements," below,
shows the format and use of the parameters
and subparameters that can be specified for
each job control statement. Some
parameters of the statements are described
only briefly. For further information, see
the publication IBM OS Job Control Language

Reference. The syntactic format
descriptions in this chapter can be used as
a reference for the exact format and for

the use of each parameter.

CONTROL STATEMENTS

The COBOL programmer uses the control
statements shown in Table 1 to compile,
linkage edit, and execute programs.

JOB MANAGEMENT

Control statements are processed by a
group of operating system routines known
collectively as job management. These job
management routines interpret control
statements and commands, control the flow
of jobs, and issue messages to both the
operator and the programmer. Job
management comprises two major components:
a job scheduler and a master scheduler.

The job scheduler is a set of routines
that reads input streams, analyzes control
statements, allocates input/output
resources, issues diagnostic messages to
the programmer, and schedules job flow
through the system.

Table 1.

r T i

| Statement| Function |

Dt i

JOB |Indicates the beginning of a |
new job and describes that {
job. |

Control Statements

I
I
+
|Indicates a job step and |
| describes that job step; |
| indicates the load module or |
| cataloged procedure to be |
| executed, |
+ 4
I
|
|
4

Describes data sets, and |
controls device and volume |
assignment. |

- -

|delimiter|Separates data sets in the |

input stream from control |
statements; it must follow |
each data set that appears in|
the input stream, e.g., after|

a COBOL source module punchedj|

deck.

|
A 1
comment Contains miscellaneous remarks |
and notes written by the |
programmer; it may appear |
anywhere in the job stream |

|

4

after the JOB statement.

,_
|
|
|
|
|
|
|
1
|
T S
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The master scheduler is a set of
routines that accepts operator commands and
acts as the operator's agent within the
system. It relays system messages toO the
operator, performs system functions at his
request, and responds to his inquiries
regarding the status of a job or of the
system. The master scheduler also relays
all communication between a processing
program and the operator.

Priority schedulers process complete
jobs according to their relative priority,
and available system resources.

PREPARING CONTROL STATEMENTS

Except for the comment statement,
control statements are identified by the
initial characters // or /* in card columns
1 and 2., The comment statement is
identified by the initial characters //% in
columns 1 through 3. Control statements
may contain four fields: name, operation,
operand, and comment, as shown in Figure 3.
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| | Columns

| by
| Statement | 11213 | 4
pmmmmm oo m oo o I
| Job | 7|/|name JOB operand?
| Execute | 7|/ |name® EXEC operand
| Data Definition| /|/|namel DD operand

| Procedure | /1/|namel PROC cperand
| Command | 7171 operation(command)
| Delimiter | 71*] comments®

| Null | 7171

| Comment | 7171* comments

| Pend | 7|/ |namet* PEND
S S T T
iQ0ptional.

___________________________________________ 1

Fields |
___________________________________________ .:
___________________________________________ .I

comments1
comments?
comments?®
comments*
operand

|
[
:
comments1 |
|
l
[
|

Figure 3.

Name_ Field

The name contains from one through eight
alphanumeric characters, the first of which
must be alphabetic. The name begins in
card column 3. It is followed by one or
more blanks. The name is used, as follows:

e To identify the control statement to
the operating system

¢ To enable other control statements in
the job to refer to information
contained in the named statement

s To relate DD statements to files named
in a COBOL source program

Operation Field

The operation field is preceded and
followed by one or more blanks. It may
contain one of the following operation
codes:

JOB
EXEC
DD
PROC
PEND

If the statement is a delimiter statement,
there is no operation field and comments
may start after one blank.

(]
[

General Format of Control Statements

Operand Field

The operand field is preceded and
followed by one or more blanks and may
continue through column 71 and onto one or
more continuation cards. It contains the
parameters or subparameters that give
required and optional information to the
operating system. Parameters