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PREFACE

COBOL (COmmon Business QOriented
Language) is a programming language,
similar to English, that is used for
commercial data processing. It was

developed by the Conference On DAta SYstems

‘Languages (CODASYL)

Industry Standards

IBM 0S Full American National Standard
COBOL is designed according to the
specifications of the following industry
standards as understood and interpreted by
IBM as of April 1976:

* The highest level of American
National Standard COBOL, X3.23-1968,
including all eight modules: Nucleus,
Table Handling, Sequential Access,
Random Access, Sort, Report. Writer,
Segmentation, and Library.

#*International Standard ISO/R 1989-
1972 Programming Language COBOL
which is compatible with, and
identical to, American National
Standard COBOL, X3.,23-1968).

A significant number of IBM extensions
are implemented as well.

Seventh Edition (October 1981)

Manual Organization

This publication gives the programmer
the rules for writing programs that are to
be compiled by the IBM OS Full American
National COBOL compiler under the Operating
System, It is meant to be used as a
reference manual in the writing of IBM
American Wational Standard COBOL programs.

This manual describes all current
versions of IBM 0OS Full American National
Standard COBOL -- Versions 2, 3, and 4.
Information relating only to the Version 3
and Version 4 compilers is presented
within separate paragraphs. Such
paragraphs begin with the heading "Program
Product Information", followed by the
Version number of the compiler. Paragraphs
following these headings that contain
program product information are indented.

In this publication, the term standard

"COBQL means American National Standard

COBOL, X3.23-1968; the terms IBM Full Amer-
ican National Standard COBOL and this com-
iler mean the IBM implementation of the
highest level of American National Standard
COBOL and all extensions. There are two
types of extensions:

1. Those that represent features not
approved by American National Standard
COBOL, .

2. Those that represent an easing of the
strict American National Standard
COBOL rules for greater programming
convenience.

This is a major revision of, and makes obsoclete, the previous editions
and reprints; namely, GC28-6396~3 and its TNL GN28-1002; GC28-6396-4 and
its TNL GN28-1048; and GC28-6396~5 and its TNLs GN26-0808, GN26-0886,

and GNZ26-0907,

This edition applies to IBM OS Full American National Standard COBOL,
Version 2, at thée Release 21 level of the Operating System, and to

Version 3, and Version 4 -

The changes for this edition are summarized under "Summary of

Amendments." Specific changes are indicated by a vertical bar teo the

left of the change. These bars will be deleted at any subsequent

republication of the page affected. Editorial changés that have no

technical significance are not noted.

Changes are periodically made to the information herein; before using

thig publication in connection with the operation of IBM systems,

. consult the latest IBM System/370 and 4300 Processors Bibliography,

GC20~0001, for the editions that are applicable and current.

It is possible that this material may contain reference to, oxr

information about, IBM products (machines and programs), programming, or
services that are not announged in your country. Such references or
information must not be construed to mean that IBM intends te announce

such IBM products, programming, or services in your country.

Publications are not stocked at the address given below; requests for
IBM publications should be made to your IBM representative or to the IBM

branch office serving your locality.

Comments may be addressed to IBM Corporation, P,0, Box 50020, -
Programming Publishing, San Jose, Califprnia, U.S,A, 95150, IBM may use

© pr distribute any of the information you supply in any way it believes
appropriate without incurring any obligation whatever. You may, of
course, continue to use the information you supply.

© Copyright International Business Machines Corpdration 1968, 1969
© 1970, 1971, 1972, 1973, 1981
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All such extensions are prlnted on a
background for the convenience of users w
"wish to refer to the 1968 standard. If a
complete chapter is an extension, only the
page heading is shaded. These chapters are:

s RS A A S S o

Use of features that are extensions may
result in incompatibilities between the
implementation represented by this document
and other implementations.

For the less experienced programmer,
introduction summarizes the general
principles of COBOL, highlights features of
American National Standard COBOL and,
through an example, illustrates the logical
sequence and interrelationship of commonly
used elements of a COBOL program. The
balance of the publication gives the
specific rules for correct programming in
IBM Full American National Standard COBOL,
as implemented for the IBM Operating
System. Appendixes provide supplemental
information useful in writing IEM American

the

National Standard COBOL programs.

Related Publications

Compiler output and restrictions,
programming examples, and information about
running an IBM American National Standard
COBOL program are found in the
publications:

IBM OS Full American National Standard

COBOL Compiler and Library, Version 2,

Programmer's Guide, Order No. GC28-6399

IBM OS Full American National Standard
COBOL Compiler and Library, Version 3,
Programmer's Guide, Order No. SC28-6437

IBM OS Full American National Standard
COBOL Compiler and Library, Version 4,
Programmer®s Guide, Order No. SC28-6456.

08/VS COBOL information is documented in:

IBM VS COBOL for 0S/VS, GC26-3857

IBM 0S/VS COBOL Compiler and Library,
Programmer's Guide, Order No. SC28-6483

The appropriate programmer's guide and this
language reference manual are corequisite
publications.

A knowledge of basic data processing
techniques is mandatory for the
understanding of this publication. Such
information can be found in the following
publications:

Introduction to IBM Data Processing
Systems, Order No. GC20-1684

Introduction to IBM System/360 Direct
Access Storage Devices and Organization
Methods, Order No. GC20-16u9

The reader should also have a general
knowledge of COBOL before using this
manual. Useful background information can
be found in the following publications:

American National Standard COBOL Coding:

Card And Tape Applications Text, Order

No. SR29-0283
Coding Technigues And Disk Appllcatlons
Text, Order No. SR29-0284

Illustrations, Order No. SR29-0285

Student Reference Guide, Order
No. SR29-0286

Where information in the foregoing
publications conflicts with information in
this publication, the contents herein
supersede any other in the writing of COBOL
programs. Any violation of the rules
defined in this publication for using the
Operating System is considered an error.

A general knowledge of the IBM Operating
System is desirable, although not
mandatory. The following publication gives
such information:

IBM System/360 Operating System:
Introduction, Order No. GC28-6534
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COBOL Committee as to the accuracy and functioning of the programming
system and language. Moreover, no responsibility is assumed by any
contributor, or by the committee, in connection therewith.

"procedures have been established for the maintenance of COBOL.
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Summary of Amendments Number 11

Date of Publication: October 1981
Form of Publication: Revision, GC28-6396-6

Program and Documentation
A number of corrections and clarifications have been made throughout the text, several
of which reflect APAR fixes.

The section on OS/VS Considerations has been deleted. OS/VS COBOL information
is documented in IBM VS COBOL for OS/VS, GC26-3857.

Editorial changes that have no technical significance are not noted here.

Specific changes to the text made as of this publishing date are indicated by a vertical bar to left of
the text, These bars will be deleted at any subsequent republication of the page affected.



Summary of Amendments Number 10

(1 0f 4)

Date of Publication: November 1, 1976
Form of Publication: TNL GN26-0886 to GC28-6396-3, 4, -5

0S/VS COBOL, Release 2

Documentation Reference Added
Service Change
Documentation for OS/VS COBOL in this manual applies only to Release 1. The
complete implementation of OS/VS COBOL is described in IBM VS COBOL for
OS/VS, Order No. GC26-3857.

IBM OS Full American National Standard COBOL, Version 2, 3, and 4

CURRENT-DATE, TIME-OF-DAY, and RETURN-CODE Special Registers

Service Change
Reference to Programmer’s Guides has been removed.

COBOL Program Structure
Service Change

Documentation showing IBM extension allowing omission of procedure-names in
Procedure Division has been added.

Sequence Numbers
Service Change

When used, sequence numbers must consist of 6 digits in columns 1 through 6 of
the source card.

Data Organization
Service Change

Recording modes valid for each form of data organization are added.
(Clarification only)

ASSIGN Clause
Service Change

The first character in the name field must be alphabetic.

NOMINAL KEY Clause
Service Change

NOMINAL KEY USAGE must be the same as that for the RECORD KEY for
this file.

TRACK-AREA Clause
Service Change
Warning that NOMINAL KEY contents are unpredictable after executing a

REWRITE statement for an indexed file for which the TRACK-AREA clause is
not specified added.

Record Description Entry
Service Change
Restriction on references to data areas before open or first read for a file clarified

to indicate that the START USING KEY statement is not considered such a
reference,



Summary of Amendments Number 10 (2 of 4)

-BLOCK CONTAINS Clause

Service Change

SAME AREA clause may not be specified for a file for which the BLOCK CONTAINS
clause is omitted and the RECORD CONTAINS 0 CHARACTERS clause is
specified.

Data Description and VALUE Clause
Service Change
A condition-name may be a single value, several single values, a

range of values, or several ranges of values, or any combination of these
(Clarification only.)

REDEFINES Clause

Service Change

A redefined item or an item subordinate to it may be of variable length.

PICTURE Clause
Service Change

If the PICTURE does not contain an S a numeric item is assumed to be an absolute
value.

In floating insertion editing, two floating insertion symbols must be specified to the

left of any fixed editing symbol to be considered a floating insertion symbol.
(Clarification only.)

VALUE Clause and OCCURS Clause
Service Change

The VALUE clause must not be specified for an item whose size is variable.
Procedure Division Statement Categories

Service Change

COBOL verbs used in conditional statements are defined (Clarification only).
Relation Condition

Service Change

In the permissible comparisons table, an empty intersecting block indicates that the
comparison is not permissible.

ERROR Declarative

Service Change

Clarification on use of bytes 1 through 13 of the GIVING option data-name.
PERFORM Statement

Service Change

In a Format 4 PERFORM statement, a change in index-names and identifiers in
the FROM option can affect the number of times the procedures are executed.



Summary of Amendments Number 10

(30f 4)

MOVE Statement
Service Change

In an alphanumeric to numeric move, the alphanumeric field is treated as an unsigned

external decimal integer field.

OPEN Statement
Service Change

The compiler does not check whether or not an OPEN statement is successful or

whether or not the file was already open when the OPEN statement was issued.
Either condition causes addressability errors.

READ and REWRITE Statements
Service Change

After a READ statement AT END condition occurs, a REWRITE statement must

not be executed.

WRITE Statement
Service Change

For a sequentially accessed mass storage 1-O file, the INVALID KEY condition exists
when no space is available to write a record.

(For standard sequential I-O files, the condition never occurs.) (Clarification only.)

REWRITE Statement
Service Change

Clarification of file organizations and access methads valid,

CALL Statement
Service Change

A USING operand may, with restrictions, be a procedure-name,

Sort-file SELECT Sentence
Service Change

The entire SELECT sentence for a sort file is treated as documentation
(Clarification only).

SORT-CORE-SIZE Special Register (Versions 3 and 4)
Service Change

When 4999999 is coded, COBOL reserves 8K of main storage for data management
routines (instead of the 6K previously documented).

SORT-MODE-SIZE Special Register
Service Change

Reference to Programmer’s Guide added. (Clarification only.)

PAGE LIMIT Clause {(Report Writer)
Service Change

A maximum page limit of 99 lines is defined.



Summary of Amendments Number 10

(4 of 4)

LINE Clause (Report Writer)
Service Change
If a PAGE FOOTING report group contains a relative LINE clause, the line is
relative to FOOTING integer-5 plus one.

TYPE Clause (Report Writer)
Service Change
Identifier-n or FINAL must be qualified (or not qualified) in exactly the same
way as the corresponding CONTROL clause identifier.

SOURCE Clause (Report Writer)
Service Change

A SOURCE data item may be any special register valid in a MOVE statement.

GENERATE Statement
Service Change
If a detail group is not specified within a summary report, Report Writer SUM

counters are not incremented (Clarification only).

TERMINATE Statement (Report Writer)
Service Change

At the time a TERMINATE statement is executed, all control data items and SOURCE/
SUM operands must be available. (Clarification only.)

OCCURS Clause (Table Handling)
Service Changev

In a Format 1 OCCURS clause, the maximum number of occurrences is 32,767.

(Clarification only.)

READY/RESET TRACE Statement (Debugging Language)
Service Change

After a READY TRACE statement is executed, the procedure-name or card

number is displayed each time the procedure is entered. (Clarification only.)

EXHIBIT Statement
Service Change

Numeric or nonnumeric literals may be specified.

ON Statement
Service Change

Upper limit in the ON statement in all cases is one less than the integer specified.



Summary of Amendments Number 9

Date of Publication: December 1, 1975
Form of Publication: TNL GN26-0808 to GC28-6396-3, -4 and -5

Miscellaneous changes for 0S/VS COBOL and IBM OS Full American National Standard
COBOL, Versions 2, 3, and 4
Muaintenance: Documentation

Minor technical changes and corrections



Summary of Amendments Number 8

Date of Publication: May 15, 1974
Form of Publication: TNL GN28-1048 to GC28-6396-3 and -4

IBM OS/VS COBOL
New: Programming Fe:tures

WHEN-COMPILED special register

OBJECT-COMPUTER paragraph -- automatic System/370 instruction generation
VSAM file processing

Merge facility

3886 OCR support

FIPS Flagger support

Miscellaneous processi:3 considerations.

(plus all features of IBM OS Full American National Standard

COBOL, Version 4)

Miscellaneous changes for 0S/VE COBOL and I1BM OS Fuil American National
Standard COBOL, Versions 2, 3, and 4

Maintenance: Documentation Only
Minor technical changes and corrections

Summary of Amendments Number 7

Date of Publication: July 15, 1972
Form of Publication: TNL GN28-1002 to GC28-6396-3

IBM OS Full American National Standard COBOL, Version 4

New: Programming Changes
e EGI (End Of Group Indicator) substituted for ETI (End Of Transmission

Indicator) in the SEND statement.
® Changes in implementation for the UNSTRING statement, as well as

clarifications in documentation.

IBM OS Full American National Standard COBOL, Versions 2, 3, and 4

Maintenance: Documentation only
Minor technical changes and corrections.



Summary of Amendments Number 6

Date of Publication: May 1972
Form of Publication: Revision, GC28-6396-3

IBM OS Full American National Standard COBOL, Version 4

New:  Programming Features

© o

o © © 0

Special Registers DATE, DAY, and TIME.

ASSIGN clause device field as comments.

Dynamic Subprogram Linkage (dynamic CALL statement and CANCEL
statement).

Teleprocessing Feature.

Stririg Manipulation Feature.

Symbolic Debugging Feature and Example.

3525 Combined Function Processing.

IBM OS Full American National Standard COBOL, Versions 3 and 4

Maintenance:  Documentation Only

ASCII tape file processing clarifications.

Miscellaneous Changes for Versions 2, 3, and 4

Maintenance:  Documentation only

Minor technical changes and corrections.

VR



Summary of Amendments

Number 5

Date of Publication:  January 15, 1972
Form of Publication: TNL GN28-0478 to GC28-6396-2

IBM OS Full American National Standard COBOL, Version 3

New: Programming Features
© SORT-MESSAGE special register implementation.

© SORT-CORE-SIZE and SORT-RETURN special registers—added processing

capabilities.

Summary of Amendments

Number 4

Date of Publication:  June 1, 1971
Form of Publication: TNL GN28-0439 to GC28-6393-2

IBM OS Full American National Standard COBOL., Version 3
New:  Programming Features

© ASSIGN clause specification of new device numbers.

o USAGE COMPUTATIONAL-4 (system-independent binary).

IBM OS Full American National Standard COBOL, Version 2
New:  Documentation Only
o ASSIGN clause specification for new device numbers.
Miscellaneous Changes for Version 2 and Version 3

Minor technical changes and corrections.
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Tcomponent of VM/370, makes use of the performance 1mprovements and arge
?storage capac;ty of the Vlrtual Systems.w; . - fo

PROGRAM PRODUCT INFORMATION

FEATURES OF THE PROGRAM PRODUCT COMPILERS

Features available in each of the IBM OS COBOL Compiler and Library
program products are summarized in the following sections.

0S/VS COBOL

The Program Product 0S/VS COBOL Compiler and lerary, Release 2,
includes the following features:

Expanded Language Capabilities ‘—— (Release 2 only) 0S/VS COBOL Release«_

2.is the only IBM COBOL compiler that accepts source language in support @
‘of American National Standard COBOL, X3.23 -1974. It also accepts. sourceii
language in support of American National Standard COBOL, X3.23-1968. IBM
extensions are also supported Theiadditional language capabllltles 
”pOSSlble programmlng appllcatlons not fea51b1e preVLOusly.'“' '

ake,f

Vlrtual System Support, through OS/VS1 and OS/VSZ, and the CMS

Program Product Information 11
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- Verb Profiles -- facilitates identifying and locating verbs in the
COBOL source program. Options provide verb summary or verb cross—
reference ‘listing which includes verb summary.

¢ Execution-Time Statistics -~- maintains a count of the number of
times each verb in the COBOL source program is executed during an
individual program execution.

Backgrotind Symbolic Debug -~ during program execution, COBOL-
formatted snapshots and maps of the Data Division can be obtalned
either at specified points during execution or at abnormal

. termination. Any-number of debugging runs can be executed without
recompilation. No COBOL source language changes are needed.

. Flow Trace -- shows program flow up to the point of abnormal

~termination.  The path of execution within and between user-
- specified modules can be traced. No COBOL source changes are
needed.

t'r;‘Syntax—Checking Compilation -- reduces compile time as much as 70%
- by scanning the source code for syntax errors but (conditionally or
uncondltlonally) produces no other compiler output.

'(Statement Number Option -~ provrdes information about the COBOL
"statement belng executed at abnormal termlnatlon.

‘f“g.Interactlve Capabllltles ---under 0S/VS2 TSO or VM/370 CMS, compller
© output can be directed to 'a terminal, and COBOL background debugging
‘facilities are available at a terminal. (In addition, the TS0 COBOL
. Prompter is.available to the TSO COBOL user, and the 0S COBOL
Interactlve Debug Program Product is available to the TSO COBOL user,
and the 0S COBOL Interactive Debug Program Product 1s avallable to ~
th” TSO or CMS COBOL user ) i o

. EfflClent ob]ect~t1me performance can,be achleved wrth OS/VS COBOL.,’
The follow1n features make 1t p0551ble.*' i o : -

COBOLloptlleer ~—'can reduce generated Procedure DlVlSlon code by
as much as 30%.. Programs are divided rnto UK procedure ‘blocks.
Reglster*as 1gnment 1s optlmlzed. e e : , .

4 1brary'Management -~jallows COBOL object programs runnlng din
separate regions or: partltlons to save VLrtual storage by sharlng o
COBOL”llb ary. subroutlne modules. L - L

Dynamic Subprogram Llnkage = glves object—tlme control of vrrtualw
storage resources. . When a subprogram is no. longer needed, the .

”ystem/37 *Support ESystem/B?O,lnstructlons save. object program o
: ,gspeed up. execatlon.u Hrgh—performance System/370 dev1ces

1s“allowed at obgect tlme
the leed Standard Block optlon (partlcularly for mass storage
'i ‘R
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IBM 0S/VS COBOL is packaged as a single Program Product, Program
Number 5740-CB1; the Library is also available as a separate
Program Product, Program Number 5740-LM1.

OS FULL AMERICAN NATIONAL COEOL VERSION 4

The Version 4 Compiler and Library is a Program Product that
contains all of the features of the Version 2 and Version 3
Compilers, and also contains a number of added features, as well as
improved functions.

The Version 4 Compiler contains the following features:

Advanced Symbolic Debugging provides faster and easier debugging
for the COBOL programmer. At abnormal termination a formatted
dump, using COBOL source data-names, is produced. Execution-time
dynamic dumps at user-specified points in the Procedure Division
can also be obtained. When the symbolic debugging feature is
requested, optimized object code is automatically provided.
(Appendix F gives an example of Symbolic Debugging output.)

Optimized Object Code can be requested, resulting in considerably

smaller object programs than are produced without optimization.
For COBOL programs that are not I/0 bound, execution time is
reduced.

COBOL Library Management Facility allows installations running with
multiple COBOL regions/partitions to save considerable main storage
by sharing some or all of the COBOL library subroutine modules.

Syntax-checking Compilation can be requested to save machine time

and money while debugging source syntax errors. When unconditional
syntax checking is requested, the source program is scanned for
syntax errors and such error messages are generated, but no object
code is produced. When conditional syntax checking is requested, a
full compilation is produced if no messages or only W-level or
C-level messages are generated; if one or more E-level or D-level
messages are generated, no object code is produced. Selected test
cases have shown that when object code is not generated,
compilation time may be reduced by as much as 70%.

All of the features of 0S Full American National Standard COBOL
Version 3 continue to be supported by Version 4. The Version 4
Compiler and Library is packaged as a single Program Product
(Program Number S5734-CB2); the Library is also available as a
separate Program Product (Program Number 5734-LM2).

™
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OS FULL AMERICAN NATIONAL STANDARD COBQOL VERSION 3

The Version 3 Compiler and Library is a Program Product that

contains a number of improvements in function and performance over
Version 2. The compiler may be used with or without the Time
Sharing Option (TSO) of the IBM Operating System.

FEATURES DEPENDENT ON TSO

With TsO, the terminal user may choose options to determine the
characteristics of compiler output to the terminal. He may direct
to the terminal:

e Compilation progress and diagnostic messages.
¢ The compiler's entire listing data set.

The user may suppress either category or may suppress all output to
the terminal.

In addition, if the user has recorded line numbers in the input
data set, the compiler may be instructed to substitute these
numbers for internal statement numbers in any diagnostic messages
printed on the werminal. Also, when diagnostic messages are
printed on the terminal, a message stating the total number of
statements in error can be included at the request of the user.

FEATURES NOT DEPENDENT ON TSO

With or without TSO, programmers can use the following features:

Optional alphabetically ordered cross-reference listings.
Significant performance improvement has been made to the current
cross-reference option which preserves source statement order.

A flow trace option, which prints a formatted trace of the last
procedures executed before an abnormal termination of execution.
The number of procedures to be traced is specified by the user.

A statement number option, which provides the user with the number
of the COBOL statement, and of the verb within the statement, being
executed when an abnormal termination of execution occurs.

Expansion of the functions of the CLIST and DMAP compiler options.
In addition to the condensed listing (CLIST) and the glossary
(DMAP), global tables, literal pools, and register assignments are
included.

The ability to batch compile more than one program or subprogram

with a single invocation of the compiler, resulting in a reduction
in compilation time.

The ability to specifv record size at object time for an input QSAM
or QISAM data set.

A checkpoint-rerun provision at end-of-volume for sequentially

accessed files with any file organization.

Program Product Information 13
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Installation default options separately located from other coding

to improve maintainability and serviceability.

Implementation of ASCII, the American National Standard Code for

Information Interchange, X3.4-1968, which provides the user with
the capability at object time of accepting and creating magnetic
tape files written in this code.

Support for American National Standard Magnetic Tape Labels for

Information Interchange, X3.27-1969. These labels may be used only
with tape files written in the American National Standard Code for
Information Interchange.

The ability to sort files using the ASCII collating sequence for

character data on a per sort basis.

System/370 Support can be requested, to take advantage of the
System/370 instruction set. When such support is specified,
certain System/370 instructions are generated to replace the
equivalent object-time subroutines and instructions needed when
running under System/360.

OPEN Statement improvement -- generated code for the OPEN statement

has been modified to give substantial savings in object program
space.

Additional Device Support —-- The following mass-storage devices are
now supported: . 2305~-1, 2305-2, 2319, 3330. The 3211 printer is
also supported.




INTRODUCTION

In 1959, a group of computer professionals, representing the U.S.
Government, manufacturers, universities, and users, formed the
Conference On DAta S¥stems Language (CODASYL). At the first meeting,
the conference agreed upon the development of a common language for the
programming of commercial problems. The proposed language would be
capable of continuous change and development, it would be problem-
oriented and machine-independent, and it would use a syntax closely
resembling English, avoiding the use of special symbols as much as
possible. The COmmon Business Oriented Language (COBOL) which resulted
met most of these reguirements.

As its name implies, COBOL is especially efficient in the processing
of business problems. Such problems involve relatively little algebraic
or logical processing; instead, they usually manipulate large files of
similar records in a relatively simple way. Thus, COBOL emphasizes the
description and handling of data items and input/output records.

In the years since 1959, COBOL has undergone considerable refinement
and standardization. In 1968, an extensive subset for a standard COBOL
was approved by ANSI (the American National Standards Institute), an
industry-wide association of computer manufacturers and users; this
standard is called American National Standard COBOL X3.23-1968.

This publication explains IBM 0S Full American National Standard
COBOL, which is. compatible with the highest level of American National
Standard COBOL, X3.23-1968, and includes a number of IBM extensions to
it as well. The compiler supports the processing modules defined in the
1968 standard. These processing modules include:

NUCLEUS -- which defines the permissible character set and the basic
elements of the language contained in each of the four COBOL divisions:
Identification Division, Environment Division, Data Division, and
Procedure Division.

TABLE HANDLING -- which allows the definition of tables and making
reference to them through subscripts and indexes. A convenient method
for searching a table is provided.

SEQUENTIAL ACCESS -- which allows the records of a file to be read or
written in a serial manner. The order of reference is implicitly
determined by the position of the logical record in the file.

RANDOM ACCESS -- which allows the records of a file to be read or
written in a manner specified by the programmer. Programmer-specified
keys control successive references to the file.

SORT -- which provides the capability of sorting files in ascending
and/or descending order. This feature also includes procedures for
handling such files both before and after they have been sorted.

REPORT WRITER -- which allows the programmer to describe the format of a
report in the DATA DIVISION, thereby minimizing the amount of PROCEDURE
DIVISION coding necessary.

SEGMENTATION -- which allows large problem programs to be split into
segments to be designated as permanent or overlayable core storage.
This assures more efficient use of core storage at object time.

LIBRARY -- which supports the retrieval and updating of pre-written
source program entries from a user’s library, for inclusion in a COBOL

Introduction 15



program at compile time. The effect of the compilation of library text
is as though the text were actually part of the source program.

In this publication, the features included in the NUCLEUS, SEQUENTIAL
ACCESS, and RANDOM ACCESS modules are presented as part of the
discussion of "Language Considerations" and of the four divisions of a
COBOL program. The other five modules -- TABLE HANDLING, SORT, REPORT
WRITER, LIBRARY, and SEGMENTATION -- are presented as separate features
of American National Standard COBOL.

This manual describes all versions of IBM OS American National
Standard COBOL. All information relating to the Program Product Version
3 and Version U4 compilers is presented within separate paragraphs. Such
paragraphs begin with the heading "Program Product Information",
followed by the Version numbers and all following paragraphs pertaining
to such information are indented. All information relating only to the
0S/VS COBOL (Release 1) Compiler and Library Program Product is included
in the separate chapter, "0S/VS COBOL (Release 1) Considerations.”

This chapter gives the reader a general understanding of the
principles of IBM 0S Full American National Standard COBOL (hereinafter
simply termed "COBOL"). It introduces the reader to COBOL and
demonstrates some of the ways in which the language can be used in the
solution of commercial problems. This discussion does not define the
rules for using COBOL, but rather attempts to explain the basic concepts
of the language through relatively simple examples.

The reader who has an understanding of the principles of currently
implemented versions of COBOL may wish to go directly to "Language
Considerations." Other readers will find many concepts discussed in
this chapter of help in using the detailed instructions throughout the
rest of this manual.

PRINCIPLES OF COBOL

COBOL is one of a group of high-level computer languages. Such
languages are problem oriented and relatively machine independent,
freeing the programmer from many of the machine oriented restrictions of
assembler language, and allowing him to concentrate instead upon the
logical aspects of his problem.

‘COBOL looks and reads much like ordinary business English. The
programmer can use English words and conventional arithmetic symbols to
direct and control the complicated operations of the computer. The
following are typical COBOL sentences:

ADD DIVIDENDS TO INCOME.

MULTIPLY UNIT-PRICE BY STOCK-ON-HAND
GIVING STOCK-VALUE.

IF STOCK-ON-HAND IS LESS THAN ORDER-POINT
MOVE ITEM-CODE TO REORDER-CODE.

Such COBOL sentences are easily understandable, but they must be
translated into machine language -- the internal instruction codes =--
before they can actually be used.

A special systems program, known as a compiler, is first entered into
the computer. The COBOL program f{referred to as the source program) is
then entered into the machine, where the compiler reads it and analyzes
it. The COBOL language contains a basic set of reserved words and
symbols. Each combination of reserved words and symbols is transformed
by the compiler into a definite set of usable machine instructions. 1In
effect, the programmer has at his disposal a whole series of
"prefabricated" portions of the machine-language program he wishes the
compiler to construct.
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When he writes a COBOL program, he is actually directing the compiler
to bring together, in the proper sequence, the groups of machine
instructions necessary to accomplish the desired result. From the
programmer's instructions, the compiler creates a new program in machine
language. This program is known as an object program.

Once the object program has been produced, it may be used at once, or
it may be recorded on some external medium and stored for future use.
When it is needed, it can then be called upon again and again to process
data.

Every COBOL program is processed first when the compiler translates
the COBOL program into machine language (compile time), then when the
machine language program actually processes the data (execution time).

A simple example illustrates the basic principles of translating a
COBOL sentence. To increase the value of an item named INCOME by the
value of an item named DIVIDENDS, the COBOL programmer writes the
following sentence:

ADD DIVIDENDS TO INCOME.

Before the compiler can interpret this sentence, it must be given
certain information. The programmer describes the data represented by
the names DIVIDENDS and INCOME in such a way that the compiler can
recognize it, obtain it when needed, and treat it in accordance with its
special characteristics.

First, the compiler examines the word ADD. It determines whether or
not ADD is one of the COBOL reserved words, that is, words that have
clearly defined meanings in COBOL (rather than a word like DIVIDENDS,
which is defined by the programmer). ADD is a special kind of reserved
word -- a COBOL key word. Therefore, the compiler generates the machine
instructions necessary to perform an addition and inserts them into the
object program. :

The compiler next examines the word DIVIDENDS. Because the
programmer has supplied data information about DIVIDENDS, the compiler
knows where and how DIVIDENDS information is to be placed in core
storage, and it inserts into the object program the instructions needed
in order to locate and obtain the data.

When the compiler encounters the word TO, it again determines whether
or not this is a COBOL reserved word. It is such a word, and the
compiler interprets it to mean that the value represented by the name
following the word TO, in this case INCOME, must be increased as a
result of the addition. ‘

The compiler next examines the word INCOME. Again, it has access to
data information about the word. &As a result, it is able to place in
the object program the instructions necessary to locate and use INCOME
data.

The programmer placed a period after the word INCOME. The effect of
the period on the COBOL compiler is similar to its effect in the English
language. The period tells the compiler that it has reached the last
word to which the verb ADD applies, the end of the sentence.

The logical steps we have described are performed by the compiler in
creating the object program, although they might not be performed in
exactly this sequence. All these preparatory steps are required only in
creating the object program. Once created, the object program is used
for the actual processing and may be saved for future reference. The
source program is not required further, unless the programmer makes a
change in it; in that case, it must be compiled again to create a new
object program.
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When the machine-language instruction for ADD is actually performed
at execution time, the instruction is executed in either of two ways,
depending on the format of the data:

1. It directly adds the value of DIVIDENDS to the value of the data
representing INCOME, thus giving the new value of INCOME.

or

2. It moves the data representing INCOME into a special work area or
register; then DIVIDENDS is added to it to create the sum, after
which the new value of INCOME is returned to the proper area in
storage.

In this simple example, the object program could add the two specified
items with very few machine instructions. In actual practice, however,
some complex COBOL sentences produce dozens of machine instructions.
Then, too, a computer can be instructed to repeat a procedure any number
of times. A few COBOL sentences can start the computer on operations
that could process millions of data records rapidly and accurately.

A SAMPLE COBOL_PROGRAM

COBOL is based on English; it uses English words and certain syntax
rules derived from English. However, because it is a computer language,
it is much more precise than English. The programmer must, therefore,
learn the rules that govern COBOL and follow them exactly. These rules
are detailed later, beginning in the next chapter. The rest of this
chapter gives a general picture of how a COBOL program is put together.

The basic unit of COBOL is the word -- which may be a COBOL reserved
word or a programmer-defined word. Reserved words have a specific
syntactical meaning to the COBOL compiler, and must be spelled exactly
as shown in the reserved word list (see Appendix C). Programmer-defined
words are assigned by the user to such items as data-names and
procedure-names; they must conform to the COBOL rules for the formation
of names.

Reserved words and programmer-defined words are combined by the
programmer into clauses (in the Environment and Data Divisions) and
statements (in the Procedure Division); clauses and statements must be
formed following the specific syntactical rules of COBOL. A clause or a
statement specifies only one action to be performed, one condition to be
analyzed, or one description of data. Clauses and statements can be
combined into sentences. Sentences may be simple (one statement or one
clause), or they may be compound (a combination of statements or a
combination of clauses). Sentences can be combined into paragraphs,
which are named units of logically related sentences, and paragraphs can
be further combined into named sections. In the Procedure Division,
both paragraphs and sections can be referred to as procedures, and their
names can be referred to as procedure names.

There are four divisions in each COBOL program. Each is placed in
its logical sequence, each has its necessary logical function in the
program, and each uses information developed in the divisions preceding
~it. The four divisions and their sequence are:

IDENTIFICATION DIVISION.
ENVIRONMENT DIVISION.
DATA DIVISION.
PROCEDURE DIVISION.

To illustrate how a COBOL program is written, let us create a
simplified procedure to record changes in the stocks of office furniture
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offered for sale by a manufacturer. We will need such data items as an
item code to identify each type of product, an item name corresponding
to the code, the unit price of each item of stock, the reorder point at
which the manufacturer replaces each item, and the amount of stock on
hand plus its value for each item. Our procedure will update a
MASTER-FILE of all stocks the manufacturer carries by reading a
DETAIL-FILE of current transactions, performing the necessary
calculations, and placing the updated values in the MASTER-FILE. We
will also create an ACTION-FILE of items to be reordered. The
MASTER-FILE resides on a direct-access (mass storage) disk device; the
DETAIL-FILE and ACTION-FILE reside on tape devices.

Many of the examples used in the following discussion have peen
simplified for greater clarity. Figure 2, at the end of this chapter,
shows how the entire UPDATING program would actually be written.

Identification Division

First we must assign a name to our program, presenting the
information like this:

IDENTIFICATION DIVISION.
PROGRAM-ID. UPDATING.

PROGRAM-ID informs the compiler that we have chosen the unique name
UPDATING for the program we have written.

In addition to the name of the program, the Identification Division

allows us to list the name of the programmer, the date the program was
written, and other information that will serve to document the program.

Environment Division

Although COBOL is, to a large degree, machine independent, there are
some - aspects of any program that depend on the particular computer being
used and on its associated input/output devices. In the Environment
Division, the characteristics of the computer used may be identified.
The location of each file referenced in the program, and how each one of
them will be used, must be described.

First we will describe the source computer (the one the compiler
uses) and the object computer (the one the object program uses) as
follows:

ENVIRONMENT DIVISION.
-CONFIGUR