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IBM EXTENSIONS

This manual)l describes IBM 0S5/VS COBOL; it gives the rules for
writing COBOL source programs that are to be compiled by the
0S/VS COBOL compiler. It is meant to be used as a reference
manual in writing 0S/VS COBOL programs, and in conjunction with

COBOL Compiler and Library Programmer's Guide,

/ﬁﬁﬂfwgb28-6483 and the 1IBM 0S5,/VS COBOL lLanguage Reference Summary,
GX26-3720,

(h*mﬂwﬂm__mwﬂw~

COBOL (COmmon Business Oriented Language) is a programming
language similar to English that is used for commercial data
processing. It is developed by the Conference On DAta SYstems
Languages (CODASYL). The standard of the language in the USA,
approved by the American National Standards Institute (ANSI), is
American National Standard COBOL, X3.23-1974.

The 05/VS COBOL Compiler and Library, Release 2, are designed
according to the specifications of the following industry
fgggdards, as understood and interpreted by IBM as of April

The highest level of American National Standard COBOL,
X3.23-1976¢ (excepting the Report Writer module). American
National Standard COBOL, X3.23-1974, is compatible with and
identical to International Organization for
Standardization/Draft INternational Standard (IS0O/DIS)
1989-COBOL. (In this manual a reference to the 1974
Standard or to 1974 Standard COBOL is a reference to these
two standards.)

Portions of this manual are copied from American National
Standard COBOL, X3.23-1974. This material is reproduced
with permission from American National Standard Programming
Language COBOL, X3.23-1974, copyright 1974 by the American
National Standards Institute, copies of which may be
purchased from the American National Standards Institute at
1430 Broadway, New York, New York, 10018.

The highest level of American National Standard COBOL,
X3.23-1968 (including the Report Writer module). American
National Standard (ANS) COBOL, X3.23-1968, is identical to
IS0 1989-1972. (In this manual a reference to the 1968 )
Standard or to 1968 Standard COBOL is a reference to these
two standards.)

A significant number of IBM extensions are also included. The
most important are:

Report UWriter
PASSWORD Clause
TRANSFORM Statement
ENTRY Statement

Three types of extensions are included:

Those that represent processing capabilities not included in
the 1976 standard.

Those that represent language from American National
Standard COBOL, X3.23-1968, that is not included in the 1974
standard.

Those that ease the 1974 standard rules for greater ease in
programming.
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MANUAL ORGANIZATION

For the convenience of users who wish to refer to the 1974
standard, all extensions in this manual are flagged. @:w\

The manual is organized for reference purposes as follows.

The General Description section describes 05/VS COBOL language

in general terms, and also describes non-language features

- available with the compiler.

RELATED PUBLICATIONS

The main sections of the book give thé specific rules for
writing 05/VS COBOL source programs. There is a separate part
for Language Considerations, for each of the COBOL Divisions,
and for Special Features. For easier reference, System
Dependencies are grouped together in a separate chapter.
Appendixes provide supplemental information:

. Appendix A describes briefly the language elements available
through IBM 0S Full American National Standard COBOL that
are continued in 05/VS COBOL for compatibility purposes.

. Appendix B gives ASCII file processing considerations.

. Appendix C describes System/370 unit record processing.

. Abpendix D describes intermediate results.

. Appendix E contains several direct access storage file
processing programs.

. Appendix F is a list of COBOL reserved words.

. Appendix G gives both the EBCDIC and ASCII collating
sequences. [

. Appendix H is a list of statements flagged when the MIGR
compiler option is specified.

The Glossary gives definitions of COBOL terms.

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

. Introduction to IBM Data Processing Systems, GC20-168¢

. Introduction to IBM Direct Access Storage Devices and
Organjzation Methods, GC20-1649

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 CbBOL Coding:
Card and Tape Applications Text, SR29-0283
Coding Technigues and Disk Applications Text, SR29-0284
Illustrations, SR29-0285
Student Reference Guide, SR29-0286

. IBM 0S5 COBOL Interactive Debug and (T50) COBOL Prompter,
General Information, GC28-6454. ‘ Aq;;D
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If information in these background publications conflicts with
information given in this manual, the information in this manual
must be considered correct in the writing of 05/VS COBOL
programs. Any violation of the rules defined in this manual for
using either the Operating System or the 05/VS COBOL compiler is
considered an error.

Information on the 3886 OCR can be found in the following
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4 05/VS Program Planning Guide for IBM 3886 Optical Character
Reader Model 1, GC21-5069

. IBM 3886 Optical Character Reader General Information
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. IBM 3886 Optical Character Reader Input Document Desian
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Parameters for COBOL DD statements are given in the publication:

i IBM System/360 Planning Guide for IBM 3505 Card Reader and
IBM 3525 Card Punch on Systems/370, GC21-5027

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

. IBM System/370 System Summary, GA22-7001

The following extract from Government Printing Office Form
Number 1965-0795689 is presented for the information and
guidance of the user:

Any organization interested in reproducing the COBOL
report and specifications in whole or in part, using ideas
taken from this report as the basis for an instruction
manual or for any other purpose is free to do so.

However, all such organizations are requested to reproduce
this section as part of the introduction to the document.
Those using a short passage, as in a book review, are
requested to mention 'COBOL' in acknowledgment of the
source, but need not quote this entire section.

COBOL is an industry language and is not the property of
any company or group of companies, or of any organization
or group of organizations.

No warranty, expressed or implied, is made by any
contributor or by the 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. Inquiries concerning the procedures for proposing
changes should be directed to the Executive Committee of
the Conference on Data Systems Languages.

The authors and copyright holders of the copyrighted
material used herein

FLOW-MATIC (Trademark of Sperry Rand Corporation),
Programming for the UNIVAC (R) I and II, Data
Automation Systems copyrighted 1958, 1959, by

Sperry Rand Corporation; IBM Commercial Translator,
Form No. F28-8013, copyrighted 1959 by IBM; FACT, DSI
27A5260-2760, copyrighted 1960 by Minneapolis-Honeyuell

have specifically authorized the use of this material in
whole or in part, in the COBOL specifications. Such
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authorization extends to the reproduction and use of COBOL
specifications in programming manuals or similar
publications.
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SUMMARY OF AMENDMENTS

RELEASE 2.4, AUGUST 1983

NEW PROGRAMMING FEATURE
The MIGR

VS COBOL
added to

SERVICE CHANGES

DECEMBER, 1981

SERVICE CHANGES

this book,
vou specify MIGR.

compiler option flags major COBOL language elements
that are no longer supported or are supported differently by the
II compiler, Program Number 5668-958. Appendix H,
lists the statements that are flagged when

A variety of corrections and clarifications have been made
throughout the text, along with a number of changes made to
reflect APAR fixes.

This documentation for the VS COBOL for 0S/VS product is revised
as indicated. These are documentation changes only, and do not

M reflect changes to the program product itself.
(:w/ ’
Topic Pocumentation Change Page
BLOCK CONTAINS Clause Description modified to include 56
clarification of when the clause can or
should be omitted
BLOCK or RECORD CONTAINS O Cannot be specified with SAME AREA or 351
clauses SAME RECORD AREA clause
CALL statement USING option 357
COPY statement Clarification of REPLACING option 292
DIVIDE statement Clarification of identifiers following 166
the key words GIVING and REMAINDER
EXIT statement Programming Notes added 203
IF Statement Programming Note deleted 119
INSPECT statement For signed numeric items in an INSPECT 173
statement, if the sign is a separate
- character, the byte containing the sign
is not examined
LINAGE clause Not allowed with the REPORT clause 60
MERGE statement Maximum number of files that can be 236
. merged is noted
NOTE statement Description added 404

O

Sdmmary of Amendments
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Topic Documentation Change Page
OCCURS clause Maximum table length specified 215
ON statement ON statement compiler-generated counter 400
resets when it reaches 16,777,215
PICTURE Clause Maximum symbols in character-string 72
noted
READ statement IBM Extension allows use of records of 146
various sizes with READ INTO
ROUNDED option IBM Extension to the ROUNDED option %21,
8
Programming note about fractional
exponents
Subscripting and Indexing Restrictions on subscripting and 213
indexing expanded
SORT INPUT PROCEDURE option Additional restriction specified 240
SORT OUTPUT PROCEDURE option Additional restriction specified 241
TERMINATE statement Warning about control varlables in 278
TERMINATE statement
TRANSFORM statement Identifier-3 in a TRANSFORM statement 189
can be an external decimal
UNSTRING statement COUNT IN option clarified 183,
189
Programming note covers when the sending
field is also the receiving field
USAGE IS INDEX clause IBM Extension allows use of SYNCHRONIZED 397
when USAGE IS INDEX
WRITE statement IBM Extension to mnemonic-name option 140

. The format summary in Appendix F has been deleted.

Appendix F now contains a list of COBOL reserved uwords.

Language format reference information is now included in a
IBM VS COBOL for 0S/VS Reference
Status Key Values, and Reserved Words,

reference summary,
Summary—Format,

6X26~-3720.

. Other minor editorial changes have also been made throughout

the manual.

viii IBM VS COBOL for 0OS/VS
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GENERAL DESCRIPTION

LANGUAGE LEVEL

COBOL (COmmon Business Oriented Language) is a programming
language that resembles English. As its name implies, COBOL is
especially efficient in the processing of business problems.
Such problems usually involve little algebraic or logical
processing. Instead, they usually manipulate large files of
data in a relatively simple way. That is, COBOL emphasizes the
description and handling of data items and of input/output
records.

COBOL language development and definition is the function of
CODASYL (the Conference On DAta SYstems Languages). The
standard of the language in the USA is American National
Standard COBOL, X3.23-1974, as approved by the American National
Standards Institute (ANSI). References in this manual to the
1974 standard are references to this standard. (Similarly,
references to the 1968 standard are references to the former
sgagga;g in the USA—American National Standard COBOL,
X3.23-1968.)> :

Both standards have their international counterparts, from the
International Organization for Standardization (IS0). For the
1974 standard, this is IS0 1989-1978. For the 1968 standard,
this is IS0 1989-1972.

The 05/VS COBOL Compiler and Library is an IBM Program Product
that accepts and compiles COBOL programs written in support of
the 1974 standard, the 1968 standard, plus a number of IBM
extensions. The following sections describe the language level
implemented and language-independent compiler features.

05/VS COBOL is designed according to the specifications of the
indicated levels of the following 1974 standard modules:

. NUCLEUS (2 NUC 1,2)—uhich provides improved internal
processing capabilities. Extended data manipulation
statements, enhanced arithmetic capabilities, user-specified
collating sequences, and eased data grouping rules are all
provided.

. TABLE HANDLING (2 TBL 1,2)—which eases rules on
subscripting and allows mixed indexes and literal
subscripts.

. SEQUENTIAL I-0(2 SEQ 1,2)—which implements VSAM ESDS
processing, allows sequential files to be extended, and
provides added page placement capabilities for files
destined for printed output.

. RELATIVE I-0 (2 REL 0,2)—uwhich allows the user to specify
relative record file organization—the records in such a
file are stored and retrieved in the order of their relative
record numbers. Storage and retrieval can be sequential or
random. Relative I-0 is implemented through the VSAM RRDS
capabilities. .

. INDEXED I-0 (2 INX 0,2)—which gives added indexed file
processing capabilities through VSAM KSDS processing.
Records are stored according to an embedded prime record
key; they can be retrieved through the prime record key or
through embedded alternate record keys. Storage and
retrieval can be sequential or random.

U SORT-MERGE (2 SRT 0,2)—which gives the capability of

ordering the records in one or more files (sorting) and of
combining two or more identically ordered files (merging).

General Description 1
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The sort or merge can be upon either the EBCDIC or ASCII
collating sequence, or upon a user-specified collating
sequence.

J SEGMENTATION (2 SEG 0,2)—which allows the user to specify
object program overlay requirements.

. LIBRARY (2 LIB 0,2)—which allows the user to replace all
occurrences of a given text with alternate text during
compilation. Multiple COBOL source libraries can be
specified. :

. DEBUG (2 DEB 0,2)—which provides the capability of
monitoring object program execution through Declarative
procedures, special debugging lines, and a special register,
DEBgG-ITEM, which gives specific information about execution
status.

. ‘INTER-PROGRAM COMMUNICATION (2 IPC 0,2)—uwhich allows a
COBOL program to communicate with one or more other programs
ﬁgrough transfers of control and access to common data
items.

. COMMUNICATION (2 COM 0,2)—which provides the ability to
communicate through a Message Control Program (MCP) with
local or remote communications devices, and to access,
process, and create partial and complete messages.

‘05/VS COBOL also incorporates all language elements from IBM 0S

Full American National Standard COBOL, with two exceptions: the
MESSAGE COUNT clause replaces the QUEUE DEPTH clause, and the
ACCEPT MESSAGE COUNT statement replaces the IF MESSAGE
statement. IBM 0S Full American National Standard COBOL is
designed in support of the highest level of the 1968 standard
plus IBM extensions. All such language that differs from the
1974 Standard can be considered an extension to it. Major
extensions are:

. Report Writer—uwhich allows the user to produce reports by
specifying what the physical appearance of the report should
be; the Report Writer then produces the necessary procedures
to generate the report. The IBM Report Writer is compatible
with the 1968 standard.

. PASSNORD Clause—which provides file security for VSAM
files.

[ TRANSFORM Statement—which provides easy translation
capabilities from one collating sequence to another.

. ENTRY Statement—uwhich gives the user the ability to specify
alternate entry points in a called program.

. WHEN-COMPILED Special Register—uhich provides a means of
associating a compilation listing with both the object
program and the output produced at execution.

The main text of this manual documents 1974 standard COBOL
together with those IBM extensions especially useful with it.
Some such IBM extensions are designed to complement the 1974
Standard language; others—such as the complete Report Writer
chapter—are continued from IBM 0S5 Full American National
Standard COBOL.

Appendix A documents these language elements continued for
compatibility purposes from IBM 05 Full American National
Standard COBOL (both 1968 standard language and IBM extensions).
Other appendixes give useful supplemental information. The
Glossary gives definitions of COBOL terms.

IBM VS COBOL for 0S/VS



C

COMPILER FEATURES

The following language-independent features are made available
with 05/VS COBOL:

Virtual Storage Access Method (VSAM) Support—uhich provides
fast storage and retrieval of records, password protection,
centralized and simplified data and space management, advanced
error recovery facilities, plus system and user catalogs.

COBOL supports sequential files (through VSAM ESDS
capabilities), indexed files with alternate indexes (through
VSAM KSDS capabilities), and relative files (through VSAM RRDS
capabilities).

Federal Information Processing Standard Flagger (FIPS)—which
issues messages identifying nonstandard elements in a COBOL
source program. The FIPS Flagger makes it possible to ensure
that COBOL clauses and statements in an 05/VS COBOL source
program conform to either the 1975 or 1972 Federal Information
Processing Standard.

Lister Option—provides specially formatted listings with
embeddad cross-references for increased intelligibility and ease
of use. Reformatted source deck is available as an option.

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.

System/370 Device Support—any valid 05/VS device can be used
with a 05/VS COBOL program. In most cases, support is
transparent to the 05/VS COBOL program. There are special
considerations for the following devices:

. 3886 OCR (Optical Character Reader)—this device reads
multiline alphanumeric or numeric machine-printed documents
or numeric hand-printed documents, with stacker selection.
05/7VS COBOL support is through an object-time library
subroutine.

L 3330, 3340 Disk Facilities—these devices are high-speed
large-capacity disks, with the rotational positional sensing
(RPS) feature. Use of the fixed block standard option,
which can be specified at object time, results in much
improved performance.

® Multifunction Card Devices—05/VS COBOL supports the
combined function processing available through these
devices. Combined functions available are: read/punch,
read/print, punch/print, and read/punch/print.

Language-independent features continued from 0S5 Full American
Nation Standard COBOL are:

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.

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

General Description 3



storage by sharing some or all of the COBOL library subfoutine
modules.

Syntax-checking Compilation—saves 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 is reduced.

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 if 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.

Batch Compilation—more than one program or subprogram can be
compiled with a single invocation of the compiler, resulting in
a reduction in compilation time.

Separately located Installation Defaults—installation default
options are separately located from other coding to improve
maintainability and serviceability.

FEATURES DEPENDENT ON TSO

A

With Time Sharing Option (TS0), the terminal user may choose
options to determine the characteristics of compiler output to
the terminal. The user may direct to the terminal:

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

The user can 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 terminal. 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. C

In addition to the program development features included within
the 05/VS COBOL Compiler and Library itself, there are two
related Program Products, available under TS0, that greatly
facilitate program development. Both reduce program turnaround
time, and increase programmer productivity. These Program
Products are: the 750 COBOL Prompter and COBOL Interactive
Debug.

Both are described in IBM 05 COBOL Interactive Debug and (TS0)
COBOL Prompter, General Information.

IBM VS COBOL for 0OS5/VS
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FORMAT NOTATION

The notation used to illustrate COBOL formats is shown in the
following box. Each numbered item in the sample format is keyved
to an explanation in Figure 1. Further explanations of the
notation follow the figure.

.

Format
| T T
( identifier—1 ] | identifier—2
[] STATEMENT < > .o
L literal-1 J literal-2

4 5

TO identifier—m [ROUNDED] [identifier—n [ROUNDED] 1 ..
8

~

[ON SIZE ERROR imperative—statement] [:]

| No. symbol Meaning Example
1 Bracket in a box A portion of
syntax that,
as an IBM
0 extension, is B
g optional.
2 Braces Required _
choice among [ identifier—n ]
several items. < >
L literal-n J
3 Brackets Optional
items. identifier—n
literal-n
% UNDERLINED Key words. ROUNDED
UPPERCASE LETTERS
5 Hyphen and digit Text identifier-1
Hyphen and letter reference. identifier-m
6 Ellipsis Repeatable e
items.
7 UPPERCASE LETTERS Optional ON
reserved
_ words.
8 lowercase letters User-defined imperative
words.
Figure 1. Format Notation
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Further Explanations of the "Meaning™ Column:

1.

8.

Optional IBM extension portions of syntax are indicated by a
pair of brackets, each enclosed in a box:

[ ... [

Required choice to be made among several items is indicated
by a set of braces enclosing vertically stacked
alternatives. )

One, and only one, of the enclosed items is required.

[ x ]

<y 2>
| =]
Optional items are enclosed in brackets.

An item within brackets may be included or omitted,
depending on the requirements of the program. When two or
more items are stacked within brackets, one or none of them
may be specified.

X
[xl or v
z

Key words are shown in UNDERLINED UPPERCASE LETTERS. Key
words are reserved words that are required unless the
portion of the format containing them is itself optional.
If any key word is missing or misspelled, it is considered
an error in the program.

Text reference is designated by a hyphen and a digit (~-1) or
a hyphen and a letter (-m) following a user-defined word.
This suffix is only for text reference; it does not change
the syntactical definition of the word.

Repeatable items are indicated by an ellipsis (...). Such
an item can be coded once or any number of times. An
ellipsis can follow a single word, or a group of lowercase
or reserved words surrounded by brackets and/or braces.
Portions of a format that are grouped within brackets or
braces are presented as a unit, and, when repetition is
specified, the entire unit must be repeated.

optional reserved words are shown in UPPERCASE LETTERS but
are not underlined. They are reserved words that are
included only for readability and may be omitted without
changing the logic of the program.. If an optional word is
included, it must be spelled correctly, or it is considered
an error in the program.

User-defined words are printed in lowercase letters and
represent information you supply.

Other notations have the following meanings:

Arithmetic and logical operator characters (+, ~, %, 7/, >,
<, and =), in formats, are required, even though they are
not underlined.

All punctuation and other special characters appearing in
formats (except braces, brackets, and ellipses) represent
the actual occurrence of those characters. Where such.
punctuation characters are shown, they are required by the
format; if they are omitted, there will be an error in the

IBM VS COBOL for 0S/VS



IBM EXTENSIONS

program. Additional punctuation may be specified, according
to the punctuation rules contained in "Separators" on page
18.

. The required clauses and optional clauses (when written)
must be written in the sequence shown in the format, unless
the associated rules explicitly state otherwise.

IBM extensions within formats and figures are shown in boxes.
For example:

—— Format

[STATEMENT IS data-name-2 [data-name-3] |1.

Extensions within text are documented in separate paragraphs or
sections. For example:

T IBM Extension 1
IBM extensions in text are shown this way.

L End of IBM Extension |

If an entire section of syntax is an optional IBM extension, it
is indicated by enclosing each bracket in a box at the start and
the end of the extension. (See number 1 in Figure 1.)

Occasionally, an IBM extension directly contradicts a rule or
restriction that immediately precedes it. The standard is
presented first, because some programmers use. COBQL without IBM

extensions. The extension 15 then presented for those who do

use them.

General Description 7
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PART 1. LANGUAGE CONSIDERATIONS

COBOL PROGRAM STRUCTURE
STRUCTURE OF THE LANGUAGE
STANDARD COBOL FORMAT
METHODS OF DATA REFERENCE
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COBOL_PROGRAM STRUCTURE

THE COBOL DIVISIONS

-

Every COBOL source program is divided into four divisions. Each
division must be placed in its proper sequence, and each must
begin with a division header.

In subsequent sections of this publication, the rules for
writing COBOL source programs and methods of data reference are
given.

The four divisions of a COBOL source program, and their
functions in solving a data processing problem, are:

#/////Identification Division

ped

U////;nvironment Division
L .

-

v’///;ata Division

ViR,

V///:;ocedure Division
M

The Identification Division names the program and, optionally,
documents the date the program was written, the compilation
date, and other pertinent information.

The Environment Division describes the computer(s) to be used

and specifies the machine equipment and equipment features used
by the program. This description includes a description of the
relationship of files of data with actual input/output devices.

The Data Division defines the nature and characteristics of all
data the program is to process. This includes both the data
used in input/output operations and the data developed for
internal processing.

The Procedure Division consists of executable statements that
process the data in the manner the programmer defines. Unless
the programmer defines some other order, the statements are
executed in the order in which they are written.

10 IBM VS: COBOL for 0S/VS
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CLAUSES AND STATEMENTS

Every COBOL source program is written in clauses and statements,
each of which describes some specific aspact of the data
processing problem solution:

. Clauses—uritten in the Environment and Data
Divistons—specify attributes of entries. A series of
clauses, ending with a period, is defined as an entry.

. Statements—uritten in the Procedure Division—specify an
action to be taken by the object program. A series of
statements, ending with a period, is defined as a sentence.

Each clause or statement in the program can be subdivided into
smaller syntactical units called phrases or options. A phrase
is an ordered set of one or more consecutive COBOL
character-strings that form a portion of a COBOL clause or
statement. An option is a phrase for which the programmer makes
a choice of alternative required or optional wordings, depending
on the meaning this phrase is to have.

Clauses, entries, statements, and sentences can be combined into
paragraphs or sections. Paragraphs and sections each define
some larger part of the data processing problem solution.
Specific rules for the formation of each element are given in
the documentation for each Division of the COBOL program.

CLAUSE AND STATEMENT SPECIFICATION ORDER

When specified, each required or optional clause or
statement—even those treated as documentation—must be written
in the sequence shown in its format, unless the associated rules
explicitly state otherwise.

COBOL Program Structure 11
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STRUCTURE OF THE LANGUAGE

- In COBOL, the indivisible unit of data is the character.

Fifty-one EBCDIC characters form the COBOL character set: the 26

letters of the English alphabet, the 10 Arabic numerals, and 15

special characters.

Individual COBOL characters are put together to form
character-strings and separators.

A character-string is a character or sequence of contiguous
characters that forms a word, a literal, a PICTURE
character-string, or a comment. A character-string can be
delimited only by a separator.

A separator is a contiguous string of one or more punctuation
characters. A separator can be placed next to another separator
or next to a character-string.

Except for comments and nonnumeric literals (which may use any
character within the EBCDIC set), the 51 characters are the only
valid characters in a COBOL program. Figure 2 shows the valid
COBOL characters in ascending EBCDIC sequence and their usage in
a COBOL program.

€N

IBM VS COBOL for 0S/¥S
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COBOL
Character

~

©» o+

L]
A-2Z
6-9

Notes:

Meaning

space

decimal point; period
less than

left parenthesis

plus symbol

dollar sign

asterisk

right parenthesis
semicolon
minus symbol; hyphen

stroke; slash

comma
greater than
equal sign
quotation mark
alphabet

Arabic numerals

Use

punctuation character
editing character; punctuation character
relation character

punctuation character

arithmetic operator; sign; editing character
editing character

arithmetic operator; editing character
punctuation character

punctuation character

editing character

arithmetic operator; sign;

arithmetic operator; editing character;
line control character

punctuation character; editing character
relation character
relation character; punctuation character
punctuation character
alphabetic character

numeric character

1. All COBOL characters are considered to be alphanumeric characters.

2. For the quotation mark as previously implemented, see Appendix A.

Figure 2. COBOL Characters and Their Meanings

COBOL WORDS

CHARACTER-S

TRINGS

COBOL character-strings form words,
character-strings, and comments.

literals, PICTURE
These are described in the

following paragraphs.

A COBOL word can be a user-defined word, a system—name,
reserved word.

classes.

or a
A COBOL word can belong to only one of these

.

Mf‘»«

g )
The maximum length of a COBOL uord/}éﬂ30 qpéracters.
. o o

: (vwwffﬂ

Structure of the Language

13



User-Defined Words

. w
A user-defined word is a8 COBOL word supplied by the programmer. \@T“
Valid characters in a user-defined word are: w4
. A through 2
. 0 through 9
L = (hyphen)
The hyphen may not appear as the first or last character in a
user-defined word.
A list of user-defined word sets, together with rules for their
formation, is given in Figure 3.
The function of each user-defined word in any specific clause or
statement is included in the prose description for each clause
or statement.
User-Defined Word Sets ‘Rules For Formation
alphabet-name cd-name Must contain at least one alphabetic
condition-name character. Within each set the name
data-name must be unique, either because no other
record-name file-name word is made up of an identical
index—-name character-string, or because it can be
mnemonic-name report—name made unique through qualification. (See
routine-name the section on Methods of Data Reference.)
library-name Same rules of formation as above. However,
program-name the system uses the first 8 characters
text-name as the identifying name; these first P
8 characters, therefore, should be | "
unique among library-names, WV
program-names, and text-names.
paragraph-name Need not contain an alphabetic character.
section-name Other rules as in first paragraph above.
level-numbers: 01-49, 66, 77, 88 Must be a 1- or 2-digit integer.
priority-numbers: 00-99 Need not be unique.

Figure 3. User-Defined Word Sets and Rules for Formation

system-Names
A system-name is an IBM-defined name which is used to
communicate with the system. There are four types of
system-names?
. Computer-Names
. Language-Names
J Funétion-Names

. Assignment-Names

The function of each system—-name is described with the format in
which it appears; each is defined in the Glossary.

14 1IBM VS COBOL for 0S5/VS
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Reserved Words

A reserved word is a COBOL word with fixed meaning(s) in a COBOL
source program. A reserved word must not be specified as a
user-defined word or as a system~name. Reserved words can be
used only as specified in the formats for a COBOL source
program.

There are six types of reserved words:

. Key words

. Optional words

. Connectives

. Special registers

¢ -Special-Character words

. Figurative-Constants

Each type is described in the following paragraphs.

KEY WORDS: Words that are requfred within a given clause, entry,
or statement. There are three types of key words:

. Verbs such as ADD, READ, ENTER

. Required words which appear in clause, entry, or statement
formats, such as the word USING in the MERGE statement

. Words with a specific functional meaning, such as NEGATIVE
or SECTION

OPTIONAL UWORDS: Words that may be, but need not be, included in
a clause, entry, or statement. When an optional word is
omitted, the meaning of the COBOL program is unchanged.

CONNECTIVES: There are three types of connectives:

. Qualifier connectives (OF, IN), which associate a data-name,
condition-name, text-name, or paragraph-name with its
qualifier.

L Series_connectives (the comma and semicolon), which link two
or more consecutive operands. (An operand is a data item or
literal that is acted upon by the COBOL program.)

¢ logical connectives (AND, OR, AND NOT, OR NOT) used in
specifying conditions.

SPECIAL REGISTERS: Compiler-generated storage areas whose
primary use is to store information produced through one of the
specific COBOL features. Each such storage area has a fixed
name, and need not be further defined within the program. These

- special registers include the following:

] DATE, DAY, TIME (see ACCEPT statement in Procedure Division)
. LINAGE-COUNTER (see LINAGE clause in Data Division)
U DEBUG-ITEM (see Debugging Features chapter)

T v IBM Extension |

LINE-COUNTER, PAGE-COUNTER (see Report Writer chapter)
L . End of IBM Extension — '

Other special registers are described in the chapter on System
Dependencies.

Structure of the Language 15



LITERALS

Nonnumeric Literals

alee—
\quﬁﬁﬁ

Numeric Literals

SPECIAL-CHARACTER WODRDS: Arithmetic operators (+ - /7 % ¥%) or
relation characters (<>=), Arithmetic operators are described SN
in the chapter on Arithmetic Expressions. Relation characters (
are described in the relation condition description of the -
Conditional Expressions chapter.

FIGURATIVE CONSTANTS= Name and refer to specific constant
values.

s

S

Figurative constants are described in the section on Figurative
Constants.

A literal is a character-string whose value is specified either
by the ordered set of characters of which it is composed, or by
the specification of a figurative constant. There are tuwo types ﬁ
of literals: nonnumeric and numeric.

" /b k!
;3¢\5~§¥¢

: £

A nonnumeric literal is a character-string that can contain any Y

allowable character from the EBCDIC set; its maximum length is )
i

120 characters.

A nonnumeric literal must be enclosed in quotation marks (" "),
These quotation marks are excluded from the literal.

Note: For the quotation mark as formerly implemented, see
Appendix A.

Any punctuation characters included within a nonnumeric literal

are part of the value of the literal. An embedded apostrophe

must be represented by a pair of contiguous apostrophes (''); P
one apostrophe is then part of the value of the literal. {

Every nonnumeric literal is of the alphanumeric category. (Data
categories are defined in the PICTURE Clause description of the
Data Division chapter.)

A numeric literal is a character-string whose characters are
selected from the digits 0 through 9, a sign character (+ or -J,
and/or the decimal point. The following rules apply:

. One through 18 digits are allowed.

. Only one sign character is allowed. If a sign character is
included, it must be the leftmost character of the literal.
If the literal is unsigned, it is positive in value.

. Only one decimal point is allowed. If a decimal point is
included, it is treated as an assumed decimal point (that
is, as not taking up a character position in the literal).
The decimal point may appear anvuwhere within the literal
except as the rightmost character. If the literal contains

- no decimal point, it is an integer. (The word integer
appearing in a format represents a numeric literal of
nonzero value that contains no sign and no decimal point;
any other restrictions are included with the description of
the format.) )

The value of a numeric literal is the algebraic quantity
expressed by the characters in the literal. The size of a
numeric literal in standard data format characters is equal to
the number of digits specified by the user.

\\
Every numeric literal is of the numeric category. (Data : ‘:;ﬂ
categories are defined in the PICTURE Clause description of the g
Data Division chapter.)
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FIGURATIVE CONSTANTS

Figurative constants are reserved words used to name and refer
to specific constant values. The reserved words for figurative
constants and their meanings are:

ZERO, ZEROES, ZEROS

Represents the value 0, or one or more occurrences of the
character 0, depending on context. Can be numeric or
nonnumeric, depending on context.

SPACE, SPACES

Represents one or more blanks or spaces. Must be
nonnumeric.

HIGH-VALUE, HIGH-VALUES

Represents one or more occurrences of the character that
has the highest value in the collating sequence used. For
the EBCDIC (native) collating sequence, the character is
hexadecimal "FF"; for other collating sequences, the actual
character used depends on the collating sequence. When
used in a COBOL program, HIGH-VALUE is treated as a
nonnumeric literal.

OW-VALUE OW-VALUE
Represents one or more occurrences of the character that
has the lowest value in the collating sequence used. For
the EBCDIC (native) collating sequence, the character is
hexadecimal "00"; for other collating sequences, the actual
character used depends on the collating sequence. When
used in a COBOL program, LOW-VALUE is treated as a
nonnumeric literal.

QUOTE, QUOTES

Represents one or more occurrences of the quotation mark
character and must be nonnumeric. The word QUOTE (QUOTES)
cannot be used in place of a quotation mark to enclose a
nonnumeric literal.

ALL literal
Represents one or more occurrences of the string of
characters composing -the literal and must be nonnumeric.
The literal must be either a nonnumeric literal or a
figurative constant other than the ALL literal. When a
figurative constant is used, the word ALL is redundant and
is used for readability only. The figurative constant ALL
literal must not be used with the DISPLAY, INSPECT, STRING,
STOP, or UNSTRING statements.

The singular and plural forms of a figurative constant are
equivalent, and may be used interchangeably. For example, if
DATA-NAME-1 is a 5-character data item, both following
statements

MOVE SPACE TO DATA-NAME-1
MOVE SPACES TO DATA-NAME-1
will fill DATA-NAME-1 with five spaces.

A figurative constant may be used wherever a nonnumeric literal
appears in a format. When a numeric literal appears in a
format, only the figurative constant ZERO (ZEROS, ZEROES) may be
specified.

The Iength "of a figurative constan®’ d pends on the context of
the-program. The following rules applyi—"

. When a figurative constant is associated with a data ltem
" (as, for example, when it is moved to or compared with
another item), the length of the f1gurat1ve constant
character-string is equal to the size of the associated data
item.
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PICTURE CHARACTER~-STRINGS

COMMENTS

SEPARATORS

. When a figurative constant is not associated with another

data item (as, for example, in a DISPLAY, INSPECT, STRING, MKAM
STOP, or UNSTRING statement), the length of the { ’
character-string is one character. \_ ¥

I IBM Extension i

‘When a figurative constant is associated with a TRANSFORM

statement, the length of the character-string is one character.

L End of IBM Extension ’

ICTURE character—-string consists of COBOL characters used as
symbols in the PICTURE clause. The description of the PICTURE
Clause in the Data Division chapter gives details.

A commenﬁ is a character~string that can contain any combination
of characters from the EBCDIC set, and which serves only as
documentation. Comments take one of two forms:

. A comment-entry in the ldentification Division

U A comment line (precedéd by an asterisk (¥) or a slash (/)
in column 7) in any division of the program

Comment-entriesiare described in the chapter on the
Identification Division. Comment lines are described in the
chapter on Standard COBOL Format.

gy

A separator is a string of one or more punctuation characters.
The punctuation characters are shown in Figure 4.

Punctuation Character Meaning
space
period
( left parenthesis
) right parenthesis
5 semicolon
’ comma

= equal sign
v i quotation mark

Figure 4. Separator Characters

The following rules for the formation of separators apply
(brackets enclose and ldentlfy each separator discussed in the
following list):

. )y
. A space [] is always a separator, except as noted below. ) ‘:;M
Anyuwhere a space is used as a separator, more than one space
may be used.
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OVERALL PUNCTUATION

. A space separator can immediately precede all separators
except:

- As specified in standard format rules (see the chapter
on Standard COBOL Format).

- The separator closing quotation mark. (In this case, a
preceding space is considered part of the nonnumeric
literal and not as a separator.) (Note that at least
one space separator must precede an opening pseudo-text
delimiter [==]; the space is not optional.)

° A space separator can immediately follow any separator
except the opening quotation mark. (In this case, a
following space is considered part of the nonnumeric literal
and not as a separator.)

J The comma [,1, semicolon [;]1, and period [.], when
immediately followed by a space, are separators. These
separators may appear only where explicitly allowed by COBOL
rules. (See Overall Punctuation Rules below and Format
Notation under the General Description chapter.)

. The left and right parentheses [( and )] are separators:
Parentheses must appear as balanced pairs of left and right
parentheses, delimiting subscripts, indexes, arithmetic
expressions, or conditions.

. The quotation mark ["] is a separator. An opening quotation
mark must be immediately preceded by a space or a left
parenthesis. A closing quotation mark must be immediately
followed by one of the following separators: space, comma,
semicolon, period, or right parenthesis. Except when the
literal is continued (see Continuation of Lines in the
Standard COBOL Format chapter), quotation marks must appear
as balanced pairs delimiting nonnumeric literals.

Note: For the quotation mark as previously implemented, see
Appendix A. .y, fﬁ e .vg@

. The pseudo-text delimiter [==] is a separator. An opening
pseudo-text delimiter must be immediately preceded by a
space. A closing pseudo-text delimiter must be immediately
followed by one of the following separators: space, comma,
semicolon, or period. Pseudo-text delimiters must appear as
balanced pairs delimiting pseudo-text. (Further information
is given in the description of the COPY Statement in the
Source Program Library chapter.)

RULES

Any punctuation character included in a PICTURE ,

character-string, a comment character-string, or a nonnumeric
literal is not considered to be a punctuation character but

;agherlis considered to be part of the character-string or
iteral.

zu?ctuation rules for each division of the COBOL source program
ollow.

Identification Division

Commas and semicolons can be used in the comment-entries. Each
paragraph must end with a period followed by a space.
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Environment Division

Commas or semicolons may separate successive clauses and ﬁﬂﬁ\
successive operands within clauses. The SOURCE-COMPUTER, v
OBJECT-COMPUTER, SPECIAL-NAMES, and I-0-CONTROL paragraphs must

each end with a period followed by a space. In the FILE-CONTROL
paragraph, each File-Control entry must end with a period

followed by a space.

Data Division
Commas or semicolons may separate successive clauses and
operands within clauses. File (FD), Sort/Merge file (SD), and
Communication Description (CD) entries, and data description
entries must each end with a period followed by a space.

T IBM Extension 1

Each report (RD) entry must end with a period followed by a
space.

L End of IBM Extension .

Procedure Division

Commas or semicolons may separate successive statements within a
sentence, and successive operands within a statement. Each
sentence and each procedure must end with a period followed by a
space.

C
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STANDARD COBOL FORMAT

COBOL programs must be written in standard COBOL format, as
shown in Figure 5. The format is described in terms of an
80-character line (card image format). Source programs are
written in standard COBOL format, and the output listing of the
source program is printed in the same format.

Note: When the LISTER feature is specified, the output listing
may appear in a space-saving 2-column format.

m COBOL Coding Form

SYSTEM PUNCHING INSTRUCTIONS PAGE  OF

PROGRAM- GRAPHIC *
CARD FORM #

PROGRAMMER [ oate PUNCH

8 COBOL STATEMENT | IDENTIFICATION

Columns 1-6 represent the sequence number area.
Column 7 is the continuation area.

Columns 8-11 represent Area A.

Columns 12-72 represent Area B.

Columns 73-80 are used to identify the program.

Note: Areas A and B are used for writing COBOL source programs.

Figure 5. COBOL Coding Form and Standard COBOL Format

Sequence Numbers

Sequence numbers are written in the sequence number area. A
sequence number is used to numerically identify each card image
to be compiled by the COBOL compiler. The use of sequence
numbers is optional. If used, a sequence number must consist of
six digits in the sequence number area, columns 1 through 6.

If sequence numbers are present in the source program, they must
be in ascending order, or a diagnostic message is issued.

T IBM Extension 1

However, this IBM implementation allows the user to suppress
sequence checking at compile time.

L End of IBM Extension .

continuation Area

The continuation area is used to indicate the continuation of

words and nonnumeric literals from the previocus line onto the

current line, to specify debugging lines, or to indicate that

the text on this card image is to be treated as a comment. (See

the following paragraphs on Continuation Lines and Comment
ines.)
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Area A and Area B

Area A occupies columns 8 through 11. Area B occupies columns
12 through 72. COBOL elements that may begin in Area A, and
specific COBOL elements that may follow them, are shouwn in
Figure 6. Additional rules are given in the following
paragraphs. Y

Elements That May
Begin in Area A

division header

section header

paragraph header
or paragraph—-name

level indicator

key word
DECLARATIVES.

key words
END DECLARATIVES.

Must be Followed
Immediately By

Placement of
Following Elements

same or next line
(Area B)

(Procedure Division only)
USING Option

next line
(Area A)

section header, paragraph
header, paragraph-name,

or (in Procedure Division)
key word DECLARATIVES

COPY or USE statement same or next line
(Area B)

next line
(Area A)

paragraph header or
paragraph-name (after
COPY or USE, if specified)

same or next line
(Area B)

Environment Division entry
or Procedure Division

data-name same line (Area B)

(Report Section only) same line (Area B)

optional data-name

next line
(Area A)

Declaratives section name

next line
(Area A)

section—header

Figure 6. Sequence of Elements in Area A and Area B

DIVISION HEADER: A division header, except when a USING option
is specified with a Procedure Division header, must be
immediately followed by a period. Except for the USING option,
no text may appear on the same line.

SECTION HEADER: A section header, except when Procedure Division
priority numbers are specified, must be immediately follouwed by
a period. In the Environment and Procedure Divisions, a section
consists of paragraphs. In the Data Division, a section
consists of Data Division entries. ‘

PARAGRAPH HEADER, PARAGRAPH-NAME: In the Environment Division, a
paragraph consists of a paragraph header followed in Area B by
one or more entries. An entry consists of one or more clauses.
In the Procedure Division, a paragraph consists of a
paragraph-name followed in Area B by one or more sentences. A
sentence consists of one or more statements; a statement is a
syntactically valid combination of a COBOL verb and its
operands. Entries and sentences must be followed by a period
followed by a space.

Successive entries or sentences begin in Area B of either the
same line as the last entry or sentence, or of the next
succeeding nonblank, noncomment line.
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DATA DIVISION ENTRIES: Each Data Division entry begins with a
laevel indicator or level-number, followed by a space, followed
in Area B by a data-name, optionally followed by a sequence of
independent clauses describing the item. Each clause, except
the last, is followed by a space (or, optionally, by a comma or
semicolon followed by a space). The last clause in the entry
must be immediately followed by a period followed by a space.

r IBM Extension .
In the Report Section, the data-name entry is optional.

b End of IBM Extension —

Successive clauses begin in Area B of either the same line as
the preceding clause, or of the next succeeding nonblank
noncomment line.

A level indicator (FD, SD, CD) must begin in Area A followed by
a space. (See the Data Division Organization chapter.)

I IBM Extension 1

In the Report Section, the level indicator (RD) must begin in
Area A, followed by a space.

t End of IBM Extension

A level number is a one- or two-digit integer, with one of the
values 1 through 49, 66, 77, or 88. At least one space must
follow the level-number. (See the Data Description chapter.)

Level-numbers 01 and 77 must begin in Area A, followed by a
space.

Level-numbers 02 through 49, 66, and 88 may begin in either Area
A or Area B.

INDENTATION: Within an entry or sentence, successive lines in
Area B may have the same format, or be indented to clarify
program logic. The output listing is thus indented only if the
input card images are indented. Indentation does not affect the
syntax of the program. The amount of indentation can be chosen
b¥ Xhe p;ogrammer, subject only to the restrictions on the width
o rea B.

Note: When the LISTER feature is used, the output listing
appears with standard LISTER indentation, no matter what
indentation the source uses.

DECLARATIVES AND END DECLARATIVES: In the Procedure Division,
the key words DECLARATIVES and END DECLARATIVES begin and end
the declaratives portion of the source program. Each must begin
in Area A followed immediately by a period; no other text may
appear on the same line. After the key words END DECLARATIVES,
no text may appear before the following section header. (See
the Declaratives chapter.)

continuation of Lines

Any sentence, entry, clause, or phrase that requires more than
one line can be continued in Area B of the next succeeding
noncomment line. The line being continued is a continued line;
the succeeding lines are continuation lines. Area A of a
continuation line must contain only spaces.

If there is no hyphen (-) in the continuation area (column 7) of
a line, the last character of the preceding line is assumed to
be followed by a space.

If there is a hyphen in the continuation area of a line, the
first nonblank character of this continuation line immediately
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comment Lines

Blank Lines

follows the last nonblank character of the continued line
without an intervening space.

"If the continued line contains a nonnumeric literal without a

closing quotation mark, all spaces at the end of the continued
line (through column 72) are considered to be part of the
literal. The continuation line must contain a hyphen in the
continuation area, and the first nonblank character must be a
quotation marki. The continuation of the literal begins with the
character immediately following the quotation mark.

. /w’“
d s

/ Py
)

e

A comment line is any line with an asteris /(*) or slash £/) in
the continuation area (column 7) of the line. /A comment (line
may be placed anywhere in the program follpuing the o
Identification Division header. The comment may be written
anywhere in Area A and Area B of that line, and may consist of
any combination of characters from the EBCDIC set.

If the asterisk (%) is placed in the continuation area, this
comment line is printed in the output listing immediately
following the last preceding line.

If the slash (/) is placed in the continuation area, the current
page of the output listing is ejected and the comment line is
printed on the first line of the next page.

The asterisk or slash and the comment are produced only on the
output listing. They are treated as documentation by the
compiler.

Successive comment lines are allowed. Each must begin with the
appropriate character in the continuation area.

Note: Rules for the formation of debugging lines are given in
the Debugging Features chapter.

Blank lines contain nothing but spaces from column 7 through
column 72, inclusive. Except immediately preceding a
continuation line, a blank line may appear anywhere in a
program.
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METHODS OF DATA REFERENCE

UALIFICATION

Every user-specified name defining an element in a COBOL program
must be unique—either because no other name has a
character-string of the same value, or because it can be made
unique through qualification, subscripting, or indexing. In
addition, references to data and procedures can be either
explicit or implicit. This chapter gives the rules for
qualification and for explicit and implicit references.

A name can be made unique if it exists within a hierarchy of
names, and the name can be identified by specifying one or more
higher-level names in the hierarchy. The higher-level names are
called qualifiers, and the process by which such names are made
unique is called gualification.

Qualification is specified by placing after a user-specified
name one or more phrases, each made up of the word 0OF or IN
followed by a qualifier. (OF and IN are logically equivalent.)
Format l—References tcr nata DlVlswrr“Names

r data-name-1 ] [ OF ]
< <

> data-name-2 1 ...
l condition—-name J [ IN J

Format 2—References to Procedure mviswn\ﬂames

(o]

paragraph-name [ < > section-namel

| ]

Format 3—References t,omcopv Libraries

[ o ]
text-name [ < > library-namel
[t ]

In Data Division references, all qualifying data-names must be
associated with a level-indicator or level-number. Therefore,
two identical data-names must not appear as subordinate entries
in a group item unless they can be made unique through
qualification. Names associated with a level-indicator (FD, SD,
CD, or RD) are the highest level in the hierarchy. Next highest
are those associated with level-number 01. Names associated
with level-numbers 02 through 49 are at successively louwer
levels in the hierarchy.

Methods of Data Reference 25



Qualification Rules

I . IBM Extension - 1 ﬁﬂﬂh
In the Report Section, a report-name is the only available A
qualifier for report group description data-names and sum

counters.

L End of IBM Extension J

In the Procedure Division, two identical paragraph—-names must
not appear in the same section. A section-name is the highest
(and only) qualifier available for a paragraph-name.

In any hierarchy, the name associated with the highest laevel
must be unique, and cannot be qualified. No matter what
qualification is available, no name can be both a data-name and
a procedure-name. :

Enough qualification must be specified to make the name unique;

however, it may not be necessary to specify all the levels of

the hierarchy. For example, if there is mora than one file
whose records contain the field EMPLOYEE-NO, but only one of the
files has a record named MASTER-RECORD, EMPLOYEE-NO OF
MASTER-RECORD sufficiently qualifies EMPLOYEE-NO. EMPLOYEE-NO
OF MASTER-RECORD OF MASTER-FILE is valid but unnecessary.

The following rules for qualification apply:

U Each qualifier must be of a successively higher level, and
must be within the same hierarchy as the name it qualifies.

. The same name must not appear at two levels in a hierarchy.

. If a data-name or condition-name is assigned to more than (/ Ay
one data item, it must be qualified each time it is referred )
to (for the one exception, see the REDEFINES clause )
description in the Data Description chapter).

. A paragraph-name must not be duplicated within a section.
When a paragraph-name is qualified by a section-name, the
word SECTION must not appear. A paragraph-name need not be
qualified when referred to within the section in which it
appears.

. When it is being used as a qualifier, a data-name cannot be
subscripted. )

. A name can be qualified even though it does not need
qualification.

. If there is more than one combination of qualifiers that
ensures uniqueness, then any of these combinations can be
used.

. No duplicate section-names are allowed.

. No data—-name can be the same as a section-name or a
paragraph-name.

. Duplication of data-names must not occur in those places
where the data-names cannot be made unique by qualification.

. The complete list of qualifiers for one data—-name must not
be the same as a partial list of qualifiers for another.
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SUBSCRIPTING AND INDEXING

Subscripts and indexes can be used only when reference is made
to an individual element within a table of elements that have
not been assigned individual data-names. Subscripting and
Indexing are explained in the chapter on Table Handling.

EXPLICIT AND IMPLICIY REFERENCES

COBOL source program references can be either explicit or
implicit in three instances: data attribute specification,
Procedure Division data references, and transfers of control.

DATA ATTRIBUTE SPECIFICATION
Explicit attributes are specified in actual COBOL coding.

If a data attribute is not an explicit attribute—that is, has
not been specified in actual COBOL coding—it takes on a default
value (one that the compiler assumes when an explicit
speci:ication is omitted). These default values are implicit
attributes.

For example, the ACCESS MODE clause in the File-Control entry
need not be specified; if it is omitted, the default is ACCESS
MODE IS SEQUENTIAL, which is the implicit attribute. 1If,
however, ACCESS MODE IS SEQUENTIAL is specified in COBOL coding,
then it becomes an explicit attribute. (See the File-Control
entry description in the Environment Division—Input-Output
Section chapter.)

PROCEDURE DIVISION DATA REFERENCES

‘:Wﬁ Procedure Division statements can refer to data items either
v explicitly or implicitly.

An explicit reference occurs when the data-name of the item is
written in a COBOL statement, or when the data-name is copied
into the program through a COPY statement. An implicit
reference occurs when the data name is referred to by a COBOL
statement without the name being written in that statement. For
example, when a USE AFTER EXCEPTION/ERROR procedure for INPUT
files is specified, there is an implicit reference to each
file-name that identifies an input file. (See the description
of the EXCEPTION/ERROR Declarative in the Declaratives chapter.)

TRANSFERS OF CONTROL

In the Procedure Division, program flow transfers control from
statement to statement in the order in which they are written,
unless there is an explicit control transfer or there is no next
executable statement. (See Note below.) This normal program
flow is an implicit transfer of control.

In addition to the implicit transfers of control between
consecutive statements, implicit transfer of control also occurs
when the normal flow is altered without the execution of a
procedure branching statement. COBOL provides the following
types of implicit transfers of control which override the
statement-to-statement transfers of control:

. After execution of the last statement of a procedure being
executed under control of another COBOL statement. (COBOL
statements that control procedure execution are: MERGE,
PERFORM, SORT, and USE.)

i . During SORT or MERGE statement execution, when control is
“’“{’ transferred to any input or output procedure.
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. During execution of any COBOL statement that causes
execution of a Declarative procedure.

.. At the end of execution of any Declarative procedure. q:;y

COBOL also provides explicit control transfers through the
execution of any procedure branching or conditional statement.
(Lists of procedure branching and conditional statements are
given in the Procedure Division Structure chapter.)

Note: The term "next executable statement” refers to the next
COBOL statement to which control is transferred according to the
rules given above. 'Note that there is no next executable
statement following:

. The last statement in a Declarative procedure that is not
being executed under control of another COBOL statement.

. The last statement in a COBOL program when the procedure in
which it appears is not being executed under control of
another COBOL statement.

v/‘r N\‘\
A
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PART 2. IDENTIFICATION AND ENVIRONMENT DIVISIONS

IDENTIFICATION DIVISION
ENVIRONMENT DIVISION—CONFIGURATION SECTION
ENVIRONMENT DIVISION—INPUT-OUTPUT SECTION
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The Identification Division must be the first division in every
COBOL source program. . This division names the source program
and the object program.

A source program is the initial COBOL program. An object
program is the output from a compilation.

The user may also include in the Identification Division the
date the program was written, the date of compilation, and other
such documentary information about the program.

Format

[ IDENTIFICATION DIVISION.
< | 1D _DIVISION.

|

PROGRAM-ID. program-name.

e \/ e

[AUTHOR. [comment-entryl ... 1
[CINSTALLATION. [comment-entryl ... 1
[DATE-WRITTEN. [comment-entryl ... 1]

[DATE-COMPILED. [comment-entryl ... ]
[SECURITY. [comment-entryl ... ] N
The Identification Division must begin with the words

IDENTIFICATION DIVISION followed by a period followed by a
space.

I IBM Extension 1

However, this IBM implementation accepts the abbreviation ID
DIVISION as a substitute for the standard Division header.

L End of IBM Extension )

The first paragraph of the Identification Division must be the
PROGRAM-ID paragraph. The other paragraphs are optional, but
when written must appear in the order shown in the format.

T IBM Extension 1

However, this IBM implementation accepts the optional paragraphs
in any order.

L End of IBM Extension )

The comment-entries in the optional paragraphs may be any
combination of characters from the EBCDIC set, and may be
written in Area B on one or more lines. Use of the hyphen in
the continuation area is not permitted.
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PROGRAM-ID PARAGRAPH

DATE-COMPILED PARAGR

The PROGRAM-ID paragraph specifies the name by which the program
is known to the system.

The PROGRAM-ID paragraph must be the first paragraph in the
Identification Division.

Program-name is a user-defined word that identifies the object
program to the system. The system uses the first 8 characters
of program-name as the identifying name of the program; these
first 8 characters, therefore, should be unique among
program-names.

The system expects the first character of program-name to be
alphabetic; if it is numeric, it is converted as follows:

. 0 to J
. 1 through 9 to A through I

The system does not include the hyphen as an allowable
character; therefore, if the hyphen is the second through eighth
character, it is converted to 0.

See the System Dependencies chapter for further information.

APH

OTHER OPTIONAL PARAG

The DATE-COMPILED paragraph provides the compilation date in the
source listing.

When a comment-entry is specified, the entire entry is replaced
with the current date, even if the entry spans lines.

When the comment-entry is omitted, the compiler adds the current
date to the line on which DATE-COMPILED is printed.

RAPHS

The other paragraphs in the Identification Division may be
included at the user's choice.

The comment-entries serve only as documentation, and do not
affect the syntax of the program.
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}ENVIRONMENT DIVISION—CONFIGURATION SECTION

32

™
s

The Configuration Section describes the computer on which the
source program is compiled, the computer on which the object
program is executed, and, optionally, relates IBM-defined
function—-names to user-defined mnemonic names, specifies the

‘collating sequence to be used, specifies a substitution for the

currency sign, and/or interchanges the functions of the comma
and the period.

T IBM Extension |
The Configuration Section is optional in a COBOL source program.

L End of IBM Extension !

In the Configuration Section, the comma or semicolon may,
optionally, be used to separate successive clauses within a
paragraph. In each paragraph there must be one and only one
period, placed immediately after the last entry in the
paragraph.

N

N/

IBM VS COBOL for 0S/VS



Format
m} ENVIRONMENT DIVISION.
[ CONFIGURATION SECTION.
SOURCE-COMPUTER. computer-name [WITH DEBUGGING MODE].
OBJECT-COMPUTER. computer-name

-
=

ORDS

HARACTERS > 1]

ODULES J

[PROGRAM COLLATING SEQUENCE IS alphabet-namel
[SEGMENT-LIMIT IS priority-numberl.

{SPECIAL~-NAMES.

[MEMORY SIZE integer <

(9]

,._.
X

[function-name-1 IS mnemonic-namel ...

[function-name-2 [IS mnemonic-namal

[ ON STATUS IS condition—-name-11 ]
[OFF STATUS IS condition-name-21
<
FF STATUS IS condition-name-2
[ON STATUS IS condition-name-11

———

[alphabet-name IS

C") STANDARD-1 ]
g
NATIVE
[THROUGH]
literal-1 < > literal-2
LTHRU J
ALSO literal-3
< [ALSO literal-4] ... > 1 ...
- -
[THROUGH]
< > literal-6
[literal-5 [THRU J ...
ALSG literal-7
[LALSO literal-81 ..

[CURRENCY SIGN IS literal-9]
[DECIMAL-POINT IS COMMAIJ. ]

SOURCE-COMPUTER PARAGRAPH

The SOURCE-COMPUTER paragraph describes the computer on which
the source program is to be compiled. :

Computer—-name is a system—-name in the form IBM-370

[-model-numberl.

The WITH DEBUGGING MODE clause is described in the Debugging
Features chapter.
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Except for the WITH DEBUGGING MODE clause, the SOURCE-COMPUTER )
paragraph is treated as documentation. m{N“
Ly
OBJECT-COMPUTER PARAGRAPH

The OBJECT-COMPUTER paragraph identifies the computer on which
the object program is to be executed. .

Computer—name must be the first entry in the OBJECT-COMPUTER
paragraph. Computer~name is a system-name in the form IBM-370
[-model-numberl.

The MEMORY SIZE clause can be used to document the amount of
main storage needed to run the object program.

The PROGRAM COLLATING SEQUENCE clause specifies that the
collating sequence used in this program (and this program only)
is the collating sequence associated with the specified
alphabet-name, which must be defined in the SPECIAL-NAMES
paragraph. The program collating sequence is used to determine
the truth value of the following nonnumeric comparisons:

. Those explicitly specified in relation conditions.

. Those explicitly specified in condition-name conditions.

I IBM Extension 1

. Those implicitly specified by a CONTROL clause in an RD

entry.
L End of IBM Extension !
The PROGRAM COLLATING SEQUENCE clause also applies to any- B
nonnumeric merge or sort keys (unless the COLLATING SEQUENCE (/ \
option is specified in the MERGE or SORT statement). N

When the PROGRAM COLLATING SEQUENCE clause is omitted, the
EBCDIC collating sequence is used. (See Appendix F for the
complete EBCDIC collating sequence.)

The SEGMENT-LIMIT clause is described in the Segmentation
chapter.

Except for the PROGRAM COLLATING SEQUENCE and SEGMENT-LIMIT
clauses, the OBJECT-COMPUTER paragraph is treated as
documentation.

Note: See Appendix B for ASCII considerations.

SPECIAL-NAMES PARAGRAPH

The SPECIAL-NAMES paragraph relates IBM-specified function-names
to user-specified mnemonic-names; it also specifies a collating
sequence to be associated with an alphabet-name, a substitute
character for the currency sign, and that the functions of the
comma and decimal point are to be interchanged in PICTURE
clauses and numeric literals.

FUNCTION-NAME-1

Function-name-1 specifies system devices or standard system
actions taken by the compiler.

The associated mnemonic—-name is required; it follows the rules
of formation for a user—-specified name, and at least one
character must be alphabetic. The mnemonic-name can be used in ~
ACCEPT, DISPLAY, and WRITE statements. See the System 4;
Dependencies chapter for a list of valid function-names. b
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FUNCTION~NAME-2

Function—name-2 defines a one-byte program switch.
Function—-name-2 may be defined as UPSI-0 through UPSI-7. (Each
UPSI is a User Program Status Indicator switch.) At least one
condition—-name must be associated with each specified UPSI
switch.

Each condition-name follows the rules of formation for a
user-specified name; at least one character must be alphabetic.
The value associated with the condition-name is considered to be
alphanumeric.

In the procedure division, the status of the UPSI switch is
tested through the associated condition-name(s). Each
condition-name is the equivalent of a level-88 item; the
associated mnemonic-name, if specified, is considered the
conditional variable and can be used for qualification. (See
Switch Status Condition description in the chapter on
Conditional Expressions.)

See the System Dependencies chapter for a further discussion.

ALPHABET-NAME CLAUSE

Provides a means of relating an alphabet-name to a specified
character code set or collating sequence.

When the alphabet-name is specified in the PROGRAM COLLATING
SEQUENCE clause of the OBJECT-COMPUTER paragraph, or in the

COLLATING SEQUENCE option of the sort or merge statement, it
specifies a collating sequence.

When the alphabet-name is specified in the FD entry CODE-SET
clause, it specifies a character code set.

When STANDARD-1 is specified, the code set or collating sequence
to be used is the ASCII character set (see Appendix B, ASCII
considerations).

When NATIVE is specified, the code set or collating sequence to

be used is the EBCDIC character set. This is also the character
set or collating sequence used when the alphabet-name clause is

omitted.

Note: Both the EBCDIC and ASCII collating sequences are given
in Appendix G.

When the literal option is specified, the alphabet-name must not
be referred to in a CODE-SET clause (see CODE-SET clause
description in the FD Entry chapter).

When the literal option is specified, the collating sequence to
be used is specified by the programmer according to the
following rules:

. The order in which literals appear specifies the ordinal
number, in ascending sequence, of the character(s) in this
collating sequence. :

. Each numeric literal specified must be an unsigned integer,
and must have a value from 1 through the maximum nhumber of
characters in the EBCDIC character set (256). The value of
each literal specifies the ordinal number of a character
within the EBCDIC character set. (That is, the literal 112
rapresents the EBCDIC character ?, the literal 234
represents the EBCDIC character Z, the literal 241
represents the EBCDIC character 0, and so forth.)

) Each character in a nonnumeric literal represents that

actual character in the EBCDIC set. If the nonnumeric
literal contains more than one character, each character,
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starting with the leftmost, is assigned a successively
ascending position within this collating sequence.

L Any EBCDIC characters not explicitly specified assume
positions in this collating sequence higher than any of the
explicitly specified characters. The relative order of the
unspecified characters within the EBCDIC set remains
unchanged.

o Within one alphabet-name clause, a given character must not
be specified more than once.

. Each nonnumeric literal associated with a THROUGH or ALSO
option must be one character in length.

. When the THROUGH option is specified, the contiguous EBCDIC
characters beginning with the character specified by
literal-1 and ending with the character specified by
literal-2 are assigned successively ascending positions in
this collating sequence. This sequence may be either
ascending or descending within the original EBCDIC sequence.
(That is, if "Z" through "A" is specified, left-to-right,
for this collating sequence the ascending values,
left-to~-right, for the capital letters are
ZYXWVUTSRQPONMLKJIHGFEDCBA.)

L When the ALSO option is specified, the EBCDIC characters
specified as literal-1l, literal-3, literal-4, and so forth,
are assigned to the same position in this collating
sequence. (That is, if "D"™ ALSQO "N" ALSO 112 ALSO "X" is
spacified, for this collating sequence the characters D, N,
?, and %X are all considered to be in the same position in
the collating sequence.)

U The character having the highest ordinal position in this
collating sequence is associated with the figurative
constant HIGH-VALUE. If more than one character has the
highest position, due to specification of the ALSO option,
the last character specified is considered to be the
HIGH-VALUE character for procedural statements such as
DISPLAY, or as the sending field in a MOVE statement. (If
the ALSO option example given above were specified as the
high-order characters of the collating sequence, the
HIGH-VALUE character would be %.)

. The character having the lowest ordinal position in this
collating sequence is associated with the figurative
constant LOW-VALUE. If more than one character has the
lowest position, due to specification of the ALSO option,
the first character specified is the LOW-VALUE character.
(If the ALSO option example given above were specified as
the low-order characters of the collating sequence, the
LOW-VALUE character would be D.)

Alphabet-Name Clause Examples

36

The following examples illustrate some uses for the
alphabet-name clause.

If PROGRAM COLLATING SEQUENCE 1S USER-SEQUENCE, and the
alphabet-name clause is specified as USER-SEQUENCE IS "D," "E,"
"F,"” and two Data Division items are defined as follows:

77 ITEM-1 PIC X(3) VALUE "ABC".
77 ITEM-2 PIC X(3) VALUE "DEF".

Then the comparison IF ITEM-1 > ITEM-2 is true.
(Characters D, E, F are in ordinal positions 1, 2, 3 of this

collating sequence. Characters A, B, C are in ordinal positions
197, 198, 199 of this collating sequence.)}
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If the alphabet-name clause is specified as USER-SEQUENCE is 1,
2, 3, 4, 5, 6, 10, 11 ... 254, 255, "7," ALSC "8," ALSO "9" (and
all 255 EBCDIC characters have been specified), and two Data
Division items are specified as follows:

77 ITEM-1 PIC X(3) VALUE HIGH-VALUE.
77 ITEM-2 PIC X(3) VALUE "787".

Then both of the following comparisons are true:

IF ITEM-1 = ITEM-2...
IF ITEM-2 = HIGH-VALUE...

(They compare as true because the values 7, 8, and 9 all occupy
the same position in this USER-SEQUENCE collating seduence.?

If the alphabet-name clause is specified as USER-SEQUENCE IS
YE,” "D," "F," and a table in the Data Division is defined as
follows:

05 TABLE A OCCURS 5 ASCENDING KEY IS KEY-A
INDEXED BY INX-A.
10 FIELD-A ...
10 KEY-A NN

If the contents in ascending sequence of each occurrence of
KEY-A are A, B, C, D, E, G, the results of the execution of a
SEARCH ALL statement for this table will be invalid, since the
contents of KEY-A are not in ascending order. (The proper
ascending order would be E, D, A, B, C, G.)

CURRENCY SIGN CLAUSE

Literal-9, which appears in the CURRENCY SIGN clause, represents
the currency symbol in the PICTURE clause. Literal-9 must be a
one-character nonnumeric literal, and must not be any of the
following characters:

. Digits 0 through 9
o Alphabetic characters A BC DL PR S V X Z or the space
. Special characters ¥ + - /7 , , ; () ="

Note: For the qguotation mark as formerly implemented, see

Appendix A. (W 4ok)

When the CURRENCY SIGN clause is omitted, only the dollar sign
($) may be used as the PICTURE symbol for the currency sign.

DECIMAL POINT IS COMMA CLAUSE

PROGRAMMING NOTES

When the DECIMAL POINT IS COMMA clause is specified, the
functions of the period and the comma are exchanged in PICTURE
character strings and in numeric literals.

User Program Status Indicator (UPSI) switches are useful for
processing special conditions within a program—such as
yvear—beginning or year-ending processing. At the beginning of
the Procedure Division, an UPSI switch can be tested; if it is
ON, the special branch is taken. An example of this use of an
UPSI switch is given in the Report Writer sample program.

The PROGRAM COLLATING SEQUENCE clause in conjunction with the
alphabet-name clause can be used to specify EBCDIC nonnumeric
comparisons for an ASCII-encoded tape file, or ASCII nonnumeric
comparisons for an EBCDIC-encoded tape file.
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"The literal option of the alphabet-name clause can be used to
process internal data in a collating sequence other than NATIVE N
or STANDARD-1. @:;E

AN

N
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The Input-0Output Section defines each file, identifies its
external storage medium, assigns the file to one or more
input/output devices, and specifies information needed for
efficient transmission of data between the external medium and
the COBOL program.

The Input-Output Section is divided into two paragraphs: the
FILE-CONTROL paragraph, which names and associates the files
with the external media; and the I-0-CONTROL paragraph, which
daefines special input/output techniques to be used.

General Format—Input-Output section

[INPUT-OUTPUT SECTION.

[] FILE-CONTROL. file—control entry
[file—control entryl] ... []

[ I-0-CONTROL. input-output-control entryl 1}

The exact contents of the Input-Output Section depend on the
file organization and access methods used. The following
summary gives some background in the file processing techniques
available in COBOL.

FILE PROCESSING SUMMARY

The method used to process a file in a COBOL program depends on
its data organization and on the access mode used.

Data organization is the permanent Iogical structure of the
flle,wgatahgkghed at the time the file is created. Three types
of {data organiza 1&3 are available: sequential, indexed, and

/«-‘"“rela VU@ e

jf’

DATA ORGANIZATION

An access mode is the manner in which records in a file are to
be processed. Three access modes are available: sequential,
random, and dynamic.

The following paragraphs describe both the types of data
organization available, and access modes.

In a COBOL program, data organization can be sequential,
indexed, or relative.

VSAM or Physical Sequential Organization

With this organization, each record in the file except the first
has a unique predecessor record, and each record except the last
has a unique successor record. The predecessor-successor
relationships are established by the physical order in which
records are placed in the file at file creation time. Once
established, these relationships do not change, except that a
file can be extended. Records can be fixed or variable in
length; there are no keys.
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Physical sequential and VSAM sequential files have 5equent§a1

organization. O
L

VSAM Indexed Organization

With this organization, each record in the file has one or more
embedded keys, each of which is associated with an index. Each
index provides . a logical path to the data records according to
the contents of the associated embedded record key data items.
Indexed files must be direct access storage files. Records can
be fixed or variable in length.

Each record in an indexed file must have an embedded prime
record key. When records are inserted, updated, or deleted they
are identified solely by the values of their prime record keys.
Consequently, the value in each prime record key data item must
be unique and must not be changed when the record is updated.

In addition, each record in an indexed file may contain one or
more embedded alternate record keys. Each alternate key
provides an alternative access path for record retrieval. The
programmer can specify that the values contained in an alternate
record key need not be unique.

The key used for any specific input/output request is known as
the key of reference.

VSAM indexed files have indexed organization.

VSAM Relative Organization

ACCESS MODES

sequential Files

With this organization, each record in the file is identified by
its relative record number. The file can be thought of as a

serial string of areas, each of which may contain one logical PR
record. Each of these areas is identified by a relative record ¢
number; record storage and retrieval are based on this number. LY 4

For example, the first record area is addressed by relative
record number 1, and the 10th is addressed by relative record
number 10, whether or not records have been uwritten in the
second through ninth record areas. Relative files must be
direct access storage files. Records can be fixed or variable
in length.

VSAM relative files have relative organization.

Three access modes are available in COBOL: sequential, random,
and dynamic.

Sequential sccess mode allows reading and writing records of a
file in a serial manner; the order of reference is implicitly
determined by the position of a record in the file.

Random access mode allows reading and writing records in a
programmer-specified manner; the control of successive
references to the file is expressed by specifically deflned keys
supplied by the user.

Dynamic_access mode allows a specific input/output request to
determine the access mode. Therefore, records may be processed
sequentially and/or randomly.

Files with sequential organization can be accessed only .
sequentially. The sequence in which records are accessed is the ™,
order in which the records were originally written. f
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VSAM Indexed Files

VSAM Relative Files

All three access modes are allowed.

In the sequential access mode, the sequence in which records are
accessed is the ascending order of the prime record key or
alternate record key value. The order of retrieval of records
within a set of records having duplicate alternate record key
values is the order in which the records were written into the
set. )

In the random access mode, the sequence in which records are
accessed is controlled by the programmer. The desired record is
accessed by placing the value of its prime record key or
alternate record key in that record key data item. If a set of
records has duplicate alternate record key values, only the
first record written is available.

In the dynamic access mode, the programmer may change as
necessary from sequential access to random access using
appropriate forms of input/output statements.

All three access modes are allowed.

In the sequential access mode, the sequence in which records are
accessed is the ascending order of the relative record numbers
of all records which currently exist within the file.

In the random access mode, the sequence in which records are
accessed is controlled by the programmer. The desired record is
accessed by placing its relative record number in a RELATIVE KEY
data item; the RELATIVE KEY must not be defined within the
record description entry for this file.

In the dynamic access mode, the programmer may change as
necessary from sequential access to random access using
appropriate forms of input/output statements.

FILE-CONTROL PARAGRAPH
(

The FILE-CONTROL paragraph associates each file in the COBOL
program with an external medium, and allows specification of
file organization, access mode, and other information.
Format 1—Sequential File Entries

FILE-CONTROL.

SELECT [OPTIONAL] file-name

ASSIGN TO assignment-name-1 [assignment-name-21 ...

AREA
[RESERVE integer . @ ;
AREAS ] ontied
[ORGANIZATION IS SEQUENTIAL] .4 }% &

e LA T
AR

[ACCESS MODE IS SEQUENTIALI
[PASSWORD IS data-name-1]

[FILE STATUS IS data-name-21.
Note: PASSWORD is only for VSAM sequential files.
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Format 2—VSAM Indexed File Entries
FILE-CONTROL.

SELECT file-name
ASSIGN TO assignment—-name [assignment-name-21 ...

[ AREA ]
[RESERVE integer | |
L AREAS j

ORGANIZATION IS INDEXED

[ SEQUENTIAL
< RANDGOHM
l DYNAMIC

[ACCESS MODE IS

e \/f emad

RECORD KEY IS data-name-3

[PASSWORD IS data—name-11

[ALTERNATE [EIRECORD E] KEY IS data—name—%

[PASSHORD IS data-name-51

[WITH DUPLICATES] 1 ...
[FILE STATUS IS data-name-21.
Format 3—VSAM Relative File Entries

FILE-CONTROL.
SELECT file-name

ASSIGN TO assignment-name-1 [assignment-name-2] ...

f AREA ]
[RESERVE integer | | 1

| AREAS |
L d

ORGANIZATION IS RELATIVE

[ SEQUENTIAL [RELATIVE KEY IS data-name-61]

|
] f RANDOM ]

[ACCESS MODE IS < < > RELATIVE KEY IS data-name-7

| | DYNAMIC J
| .

[PASSWORD IS data-name-1]

[FILE STATUS IS data-name-21].
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SELECT CLAUSE

Each file described in an FD or SD entry in the Data Division
must be described in one and only one entry in the File-Control
paragraph.

The key word FILE-CONTROL may appear only once, at the beginning
of the File-Control paragraph. The word FILE-CONTROL must begin
in Area A, and be followed by a period followed by a space.

Each FILE-CONTROL entry must begin in Area B with a SELECT
clause. The order in uhich other clauses appear is not
significant.

T IBM Extension 1

There is one exception to this rule. For indexed files, the
PASSWORD clause, if specified, must immediately follow the
RECORD KEY or ALTERNATE RECORD KEY data-name with which it is
associated. (In the ALTERNATE RECORD KEY clause, the key word
RECORD is optional.)

L End of IBM Extension 4

Optionally, each clause within a File~Control entry may be
separated from the next by a comma or semicolon followed by a
space. Each File-Control entry ends with a period followed by a
space.

Each data-name must appear in a Data Division data description
entry; each must be fixed length, and be at a fixed position
from the beginning of the record in which it appears. Each
data-name may be qualified; it must not be subscripted or
indexed.

Each file-name specified in a SELECT clause must have an FD or

SD entry in the Data Division. A file-name must conform to the
rules for a COBOL user-defined name, must contain at least one

alphabetic character, and must be unique within this progranm.

Format 1 Considerations

ASSIGN CLAUSE

The OPTIONAL phrase may be specified only for input files with
sequential organization. It must be specified for those input
files that are not necessarily present each time the object
program is executed.

For the SELECT OPTIONAL clause as previously implemented, see
Appendix A. For Sort/Merge considerations, see the chapter on

;he Sort/Merge feature. For ASCII considerations, see Appendix

The ASSIGN clause associates the file with an external medium.
The assignment-name makes the association between the file and
the external medium; it has the following formats:

. Physical sequential files [comments-1 [S-lname

. VSAM sequential files [comments—1AS—-nama

. VSAM indexed or relative files [Leomments—-lname

The name field must conform to the rules for formation of a
program—name.

See also the chapter on System Dependencies.

Any assignment-name after the first is treated as documentation.
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RESERVE CLAUSE

AN
See the chapter on System Dependencies for information. Q;#w

ORGANIZATION CLAUSE

The ORGANIZATION clause specifies the logical structure of the
file. The file organization is established at the time the file
is created and cannot subsequently be changed.

When the ORGANIZATION clause is omitted, ORGANIZATION 1S
SEQUENTIAL is assumed.

Format 1 Considerations

When ORGANIZATION IS SEQUENTIAL is specified or implied, a
predecessor-successor relationship of the records in the file is
established by the order in which records are placed in the file
when it is created or extended.

Format 2 Considerations

When ORGANIZATION IS INDEXED is specified, the position of each
logical record in the file is determined by indexes created with
the file and maintained by the system. The indexes are based on
embedded keys within the file's records.

Format 3 Considerations

When ORGANIZATION IS RELATIVE is specified, the position of each
logical record in the file is determined by its relative record
number. N

s
ACCESS MODE CLAUSE

The ACCESS MODE clause defines the manner in which the records
of the file are made available for processing.

When this clause is omitted, ACCESS IS SEQUENTIAL is assumed.

Format 1 Considerations

For files with sequential organization, records in the file are
accessed in the sequence established when the file is created or
extended., Whether ACCESS IS SEQUENTIAL is specified or omitted,
sequential access is always assumed.

Format 2 Considerations

For files with indexed organization, the access mode can be
SEQUENTIAL, RANDOM, or DYNAMIC.

When ACCESS IS SEQUENTIAL is specified or implied, records in
the file are accessed in the sequence of ascending record key
values within the currently used key of reference.

When ACCESS IS RANDOM is specified, the value placed in a record
key data item specifies the record to be accessed.

When ACCESS IS DYNAMIC is specified, records in the file can be

accessed sequentially or randomly, depending on the form of the
specific input/output request.
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Format 3 Considerations

PASSUORD CLAUSE

For files with relative organization, the access mode can be
SEQUENTIAL, RANDOM, or DYNAMIC.

When ACCESS IS SEQUENTIAL is specified or implied, records in
the file are accessed in the ascending sequence of relative
record numbers of existing records in the file.

When ACCESS IS RANDOM is specified, the value placed in the
RELATIVE KEY data item specifies the record to be accessed.

When ACCESS IS DYNAMIC is specified, records in the file can be
accessed sequentially or randomly, depending on the form of the
specific input/output request.

T IBM Extension 1
The PASSWORD clause controls object-time access to the file.

Both data-name-1 and data-name-5 are password data items; each
must be defined in the Working-Storage section as an
alphanumeric item. The first 8 characters are used as the
password; a shorter field is padded with blanks to 8 characters.
Each password data item must be equivalent to one that is
externally defined.

When the PASSWORD clause is specified, at object time the
PASSWORD data item must contain the valid password for this file
before the file can be successfully opened.

Format 1 Considerations

The PASSWORD clause is only valid for VSAM sequential files.

Format 2 considerations

FILE STATUS CLAUSE

When the PASSWORD clause is specified, it must immediately
follow the RECORD KEY or ALTERNATE RECORD KEY data-name with
which it is associated.

See also the System Dependencies chapter.

L End of IBM Extension |

The FILE STATUS clause allows the user to monitor the execution
of each input/output request for the file.

Data-name-2 is the status key data item. Data-name-2 must be
defined in the Data Division as a two-character alphanumeric
item. Data-name-2 must not be defined in the File Section.

T IBM Extension ]

Houwever, this IBM implementation allows data-name~2 to be
defined as a 2-character external-decimal unsigned integer; it
is treated as an alphanumeric item. It must not be defined as
the object of an OCCURS DEPENDING ON clause. Also, data-name-2
must not be defined in the Report Section.

L End of IBM Extension }
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When the FILE STATUS clause is specified, the system moves a
value into the status key data item after each input/output
request that explicitly or implicitly refers to this file. The
value indicates the status of execution of the statement. (See
"Status Key"™ in the Input/Output Statements chapter.)

— o 327

RECORD KEY CLAUSE (FORMAT 2) F}q

The RECORD KEY clause specifies the data item within the record
that is the prime record key for an indexed file. The values
contained in the prime record key data item must be unigque among
records in the file.

Data-name-3 is the prime RECORD KEY data item. It must be
described as a fixed-length alphanumeric item within a record
description entry associated with the file.

I IBM Extension 1
However, this IBM implementation allows data-name-3 to be
defined as an external-decimal unsigned integer; it is treated
as an alphanumeric item.

L End of IBM Extension !

The data description of data-name-3 and its relative location
within the record must be the same as the ones used when the
file was defined.

ALTERNATE RECORD KEY CLAUSE (FORMAT 2)

46

The ALTERNATE RECORD KEY clause specifies a data item within the
record that provides an alternative path to the data in an
indexed file.

Data-name-4¢ is an ALTERNATE RECORD KEY data item. It must be
described as a fixed-length alphanumeric item.

T : IBM Extension 1

However, this IBM implementation allows data-name-4 to be
defined as an external-decimal unsigned integer; it is treated
as an alphanumeric item.

L End of IBM Extension !

The data description of data—name-4 and its relative location
within the record must be the same as the ones used when the
file was defined.

The leftmost character position of data-name-4 must not be the
same as the leftmost character position of the RECORD KEY or of
any other ALTERNATE RECORD KEY.

If the DUPLICATES option is not specified, the values contained
in the ALTERNATE RECORD KEY data item must be unique among
records in the file.

If the DUPLICATES option is specified, the values contained in
the ALTERNATE RECORD KEY data item may be duplicated within any
records in the file. In sequential access, the records with
duplicate keys are retrieved in the order they were placed in
the file. In random access, only the first record written of a
series of records with duplicate keys can be retrieved.

IBM VS COBOL for 0S/VS
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RELATIVE KEY CLAUSE (FORMAT 3)

The RELATIVE KEY clause specifies the relative record number for
a specific logical record within a relative file.

Data-name-6 or data—name-7 is the RELATIVE KEY data item. It
must be defined as an unsigned integer data item, and must not
be defined in a record description entry associated with this
relative file. That is, the RELATIVE KEY is not part of the
record.

When ACCESS IS SEQUENTIAL is specified, data-name-6, the
RELATIVE KEY data item, need not be specified, unless the START
statement is to be used. When the START statement is issued,
the system uses the contents of the RELATIVE KEY data item to
determine the record at which sequential processing is to begin.

If a value is placed in the RELATIVE KEY data item, and a START
statement is not issued, the value is ignored and processing
begins with the first record in the file.

When ACCESS IS RANDOM or ACCESS IS DYNAMIC is specified,
data-name-7, the RELATIVE KEY data item, must be specified. For
each random processing request, the contents of the RELATIVE KEY
data item are used to communicate a relative record number to
the system.

I-0~-CONTROL PARAGRAPH
The I-0-CONTROL paragraph specifies when checkpoints are to be

taken, the storage areas to be shared by different files, and
the location of files on a multiple file reel.

Format
Format 1—Physical Sequential Files
I-0-CONTROL.

[RERUN ON assignment-name

r -
integer—-1 RECORDS

EVERY < [ REEL ] > OF file-name-1] ...

[END OF] < >

| UNIT |

L 4

1 J
f RECORD ]
[SAME ; SORT { AREA

L 4

SORT-MERGE

r b
FOR file-name-2 t file-name-3 3 R

[MULTIPLE FILE TAPE CONTAINS

file-name-4% [POSITION integer-21}
[file-name-5 ([POSITION integer-31] ... 1]
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RERUN CLAUSE

Format 2—VSAM Files

VRS

I-0-CONTROL. -
L 4

[RERUN ON assignment-name
EVERY integer-1 RECORDS OF file-name-1] ...
RECORD ]
[SAME SORT | AREA
SORT-MERGE J
L
FOR file-name-2 {file-name-3} ... 1 ...

The 1-0-CONTROL paragraph is optional in a COBOL program.

The key word I-0-CONTROL may appear only once, at the beginning

of the I-0-CONTROL paragraph. The word I-0-CONTROL must begin

in Area A, and be followed by a period followed by a space.

r IBM Extension 1

The order in which I-0-CONTROL paragraph clauses are written is

not significant.

1 End of IBM Extension J

Optionally, each clause within the I-0-CONTROL entry may be

separated from the next by a comma or semicolon followed by a

space. The I-0-CONTROL entry ends with a period followed by a

space.
N
i |

The RERUN clause specifies that checkpoint records are to be N

taken.

More than one RERUN clause, subject to the restrictions given
with each option, may be specified.

assignment-name specifies the external medium for the checkpoint
file. It must not be the same assignment-name as that specified
in any ASSIGN clause. It has the format:

[comments-]1[S-Iname

that is, it must be a physical sequential file. It must reside
on a tape or a direct access storage device.

Note: For ASCII considerations, see Appendix B.

Format 1 Considerations

This format is used when file-name-1 indentifies a physical
sequential file. File-name-1 names the file for which
checkpoint records are to be taken.

integer-1 RECORDS Option: This option specifies that a
checkpoint record is to written for every integer-1 record of
file-name-1 that are processed.

When multiple integer-1 RECORDS clauses are specified, no two of
them may specify the same file-name-1l.

END OF REEL/UNIT Option: This option specifies that a checkpoint
record is to be written whenever end-of-volume for file-name-1
occurs. The terms REEL and UNIT are interchangeable. ‘:;D

When multiple END OF REEL/UNIT clauses are specified. no two of
them may specify the same file-name-1.
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Format 2 Considerations

SAME CLAUSE

When file-name-1 identifies a VSAM (sequential, indexed, or
relative) only the integer-1 records option is valid. This
option specifies that a checkpoint record is to be written for
every integer-1l record of file-name-1 that is processed.

When multiple integer-1 RECORDS clauses are written, no two of
them may specify the same file-name-1l.

The SAME clause specifies that two or more files are to use the
same main storage area during processing.

The files named in a SAME clause need not have the same
organization or access.

The following discussion describes only the SAME RECORD AREA and
SAME AREA options. The SAME SORT AREA and SAME SORT-MERGE area
options are discussed in the chapter on the Sort-Merge Feature.

The SAME RECORD AREA clause specifies that two or more files are
to use the same main storage area for processing the current
logical record. All of the files may be open at the same time.
A logical record in the shared storage area is considered to be:s

. A logical record of each opened output file in this SAME
RECORD AREA clause, and

. A logical record of the most recently read input file in
this SAME RECORD AREA clause.

For physical sequential files, if the SAME AREA clause does not
contain the RECORD option, the area being shared includes all
storage areas assigned to the files; therefore, it is not valid
to have more than one of these files open at one time.

For VSAM files, the SAME AREA clause has the same meaning as the
SAME RECORD AREA clause.

More than one SAME clause may be included in a program; howevers:

1. A specific file-name must not appear in more than one SAME
AREA clause.

2. A specific file-name must not appear fn more than one SAME
RECORD AREA clause.

3. If one or more file—-names of a SAME AREA clause appear in a
SAME RECORD AREA clause, all the file-names in that SAME
AREA clause must appear in that SAME RECORD AREA clause.
However, that SAME RECORD AREA clause may contain additional
file-names that do not appear in that SAME AREA clause.

4. The rule that in the SAME AREA clause only one file may be
' open at one time takes precedence over the SAME RECORD AREA
rule that all the files may be open at the same time.

See the System Dependencies chapter.
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Programming Notes

Specification of the SAME AREA clause saves space in the object
program; note, however, the restrictions when it is used.

Specification of the SAME RECORD AREA clause does not
necessarily save space in the object program. Because the
input/output areas of named files are identical, and all are
available to the user, this clause allows transfer of data from
one file to another with minimal data manipulation.

MULTIPLE FILE TAPE CLAUSE

The MULTIPLE FILE TAPE clause is treated as documentation; it
specifies that two or more files share the same physical reel of
tape. For further information, see the System Dependencies
chapter.
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DATA DIVISION CONCEPTS

EXTERNAL DATA

INTERNAL DATA

e

The Data Division of a COBOL source program describes all the
data to be processed by the object program. Tuwo types of data
can be processed: external data and internal datea.

External.data is contained in files or, in communications
applications, in messages. Messages are discussed in the
Communications chapter; only files are discussed here.

A file i5 a collection of data records existing on some
input/output device. A file can be thought of as a group of
physical records; it can also be thought of as a group of
logical records.

A physical record is a unit of data that is treated as an entity
when moved into or out of auxiliary storage. The size of a
physical record is determined by the particular input/output
device on which it is stored. The size does not necessarily
have a direct relationship to the size or content of the logical
information contained in the file.

A logical record is a unit of data whose subdivisions have a
logical relationship. A logical record may itself be a physical
record (that is, be contained completely on one physical unit of
data); several logical records may be contained within one
physical record, or one logical record may extend across
physical records.

Data Division source language describes the relationship between
physical and logical records.

>
~ 7

The file description (FD) entry specifies the physical aspects
of the data (such as the size relationship between physical and
logical records, the size and name(s) of the logical record(s),
labeling information, and so forth). See also, SD entry in the
SORT/MERGE—Data Division section. )

Record description entries, which follow the FD entry for a
specific file, describe the logical records in the file,
including the category and format of data within each field of
the logical record, different values the data might be assigned,
and so forth.

Once the relationship between physical and logical records has
been established, only logical records are made available to the
COBOL programmer. For this reason, unless the term "physical
record(s)" is used, a reference in this manual to "records"
means logical records.

The logic of the program may develop additional data within
storage. Such data is called internal data.

The concept of logical records applies to both internal data and
external data. Internal data can, therefore, be grouped into
logical records, and be defined by a series of record
description entries. Items that need not be so grouped can be
defined in independent data description entries.

52 -IBM VS COBOL for 0S/VS



DATA RELATIONSHIPS

The relationships of all data to be used in a program are
defined in the Data Division, through a system of level
indicators and level-numbers.

A level indicator, together with its descriptive entry,
identifies each file, or report description in a program. Level
indicators are the highest level of any data hierarchy with
which they are associated; they are described more fully in the
next section, on Data Division Organization.

A level-number, together with its descriptive entry, indicates
the properties of specific data. Level-numbers can be used to
describe a data hierarchy; they can indicate that this data has
a special purpose, and while they can be associated with—and
subordinate to—level indicators, they can also be used
independently to describe internal data or data common to two or
more programs. The chapter on Data Description explains
level-numbers.

DATA DIVISION ORGANIZATION

The Data Division is divided into sections. Each has a specific
logical function within a COBOL source program, and each may be
omitted from the source program when that logical function is
not needed.

General Format—Data Division

DATA DIVISION.

[FILE SECTION.

[file-description entry
[record-description entryl ... J ... ]

[WORKING-STORAGE SECTION.

[ data item description entry

| SR — |

I
L record-description entry
[LINKAGE SECTION.
[ data item description entry ]

| S — |

{ record-description entry

[COMMUNICATION SECTION.

{communication description entry

[record-description entryl ... 1 ... 1]

[REPORT SECTION.

[report description entry

[report-group description entryl] ... 1 ... 1]

When written in the source program, the Data Division sections
must appear in the order shoun.
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FILE SECTION

A

The File Section contains a description of all externally stored !
data (FD), and a description of each sort-merge-file (SD) used o
in the program.

The File Section must begin with the header FILE SECTION
followed by a period. The File Section contains file
description entries and sort-merge-file description entries,
ea:h one followed by its associated record description entry (or
entries).

File Description Entries

In a COBOL program, the File Description Entries (beginning with
the level indicators FD and SD) represent the highest level of
organization in the File Section. The file description entry
provides information about the physical structure and
identification of a file, and gives the record-name(s)
associated with that file. For the format and the clauses
required in a file description entry, see the File Description
Entry chapter.

For a complete discussion of the sort-file-description entry,
seae the chapter on the Sort/Merge feature.

Record Description Entry

The Record Description Entry consists of a set of data
description entries which describe the particular record(s)
contained within a particular file. For the format and the
clauses required within the record description entry, see the
Data Description chapter.

More than one record description entry may be specified; each is
an alternative description of the same storage area.

N
O

Data arceas described in the File Section should not be
considered available for processing unless the file containing
the data area is open.

WORKING-STORAGE SECTION

The Working-Storage Section may describe data records which are
not part of external data files but are developed and processed
internally.

The Working-Storage Section contains record description entries
and data description entries for independent data items.

The Working-Storage Section must begin with the section header
WORKING-STORAGE SECTION followed by a period.

Record Description Entries

Data entries in Working-Storage that have a definite hierarchic
relationship to one another must be grouped into records
structured by level number.

Data Item Description Entry

Independent items in Working-Storage that have no hierarchic
relationship to one another need not be grouped into records,
provided they do not need to be further subdivided. Instead,
they are classified and defined as independent elementary items. B
Each is defined in a separate data item description entry that ™
begins with the special level number 77. JV
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LINKAGE SECTION

h The Linkage Section describes data made available from another
j program. .

Record description entries and data item description entries in
the Linkage Section provide names and descriptions, but storage
within the program is not reserved since the data area exists
elsewhere. Any data description clause may be used to describe
items in the Linkage Section, with one exception: The VALUE
clause may not be specified for other than level-88 items.

For additional information, see the chapters on Subprogram
Linkage and on System Dependencies.

COMMUNICATION SECTION
The Communication Section contains Communication Description
entries for input and for output, and optional record

description entries. The Communication Section is discussed in
the Communication Feature chapter.

REPORT SECTION

T IBM Extension 1

The Report Section contains report description (RD) entries and
report group description entries for every report named in the
REPORT clause. The Report Section is discussed in the Report
Writer chapter.

L End of IBM Extension d
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FILE DESCRIPTION ENTRY

56

In a COBOL program, the file description entry (FD)
highest level of organization in the File Section.

Format 1—Physical sequential Files
FILE SECTION.

FD file-name

[BLOCK CONTAINS [integer-1 J0] integer-2

[RECORD CONTAINS [integer-3 lg]‘integer-é CHARACTERS]

r RECORD IS | | STANDARD ]
LABEL < > < >
| RECORDS ARE | | OMITTED |

[ data-name-1 1
[VALUE OF system—name-1 IS < >
{ literal-1 }

[ data-name-2 ]

< 1 ... 1
] literal-2 }
L

[system—-name-2 IS

r RECORD IS ]
[DATA < > data-name-3 [data-name-%] ..
L RECORDS ARE I

[ data-name-5 1
[LINAGE IS <
L integer-5

LINES

— v

r data-name—-6
[WITH FOOTING AT T
L

e \/ emeed
(]

integer-6

[ data—name-7 ]
[LINES AT T0P < > ]

L integer-7 |
1

[ data-name-8 ]
[LINES AT BOTTOM <
L integer-8

b v

]

is the

f CHARACTERS
<
l RECORDS

REPORT IS ]
T report-name-1 [report-name-21]
R

EPORTS ARE

-~
r—— A ————

.

-

]

{CODE-SET IS alphabet-namel.
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Format 2—VSAM Files (Sequential, Indexed, Relative)
FILE SECTION.
FD file-name
[ CHARACTERS

[BLOCK CONTAINS [integer-1 I0] integer-2 <
L RECORDS

L \/ omd

[RECORD CONTAINS [integer-3 T0] integer-4 CHARACTERS]

[ RECORD IS ] [ STANDARD 1
> < >

<
| RECORDS ARE | | OMITIED - |
L J L 4

LABEL

[ data-name-1 ]
[VALUE OF system name-1 IS T
L

>
literal-1 J
[ data-name-2
[system-name-2 IS T
L

literal-2

e\ —d

[DATA < data-name-3 [data-name-4%1 ... ]

[ RECORD IS 1
L RECORDS ARE J

The file description entry must begin with the level indicator
FD followed by a space.

The clauses which follow file-name are optional in many cases;
the order of their appearance is not significant.

The last clause in the FD entry must be immediately followed by
a period followed by a space.

One or more record description entries must follow the FD entry.
When more than one record description entry is specified, each
entry implies a redefinition of the same storage area.

T - IBM Extension 1

There is one exception to the preceding rule: When the REPORT
clause is specified, no record description entry need be
specified.

The DATA RECORDS clause and the REPORT clause may both be
specified for the same FD entry.

The LINAGE clause and the REPORT clause must not both be
specified for the same FD entry.

L End of IBM Extension 4
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FILE-NAME

The file-name must follow the level indicator (FD), and must be Mﬂﬂ%
the same as that specified in the associated File Control entry. \_¥

Thae file-name must follow the rules of formation for a
user-defined word; at least one character must be alphabetic.
The file-name must be unique within this program.

BLOCK CONTAINS CLAUSE

CHARACTERS Option

The BLOCK CONTAINS clause specifies the size of a physical
record.

When neither the CHARACTERS nor RECORDS option is specified, the
CHARACTERS option is assumed.

When the BLOCK CONTAINS clause is omitted, the compiler assumes
that records are not blocked. The clause should be omitted if
the records in the file are not blocked. Even if each physical
raecord contains one and only one complete logical record, coding
BLOCK CONTAINS 1 RECORD would result in fixed blocked records.

The BLOCK CONTAINS clause can be omitted when the associated
File Control entry specifies a VSAM file; the concept of
blocking has no meaning for VSAM files and the clause will be
treated as a comment.

For all other types of files, the BLOCK CONTAINS clause is
required.

Integer-1 and integer-2 must be nonzero unsigned integers. For
use of BLOCK CONTAINS 0, see the System Dependencies chapter.

The CHARACTERS option is the default option. e

When this option is specified or implied, the physical record
size is specified as the number of character positions required
to store the physical record, no matter what USAGE the '
characters within the data record have.

If only integer—-2 is specified, it specifies the exact character
size of the physical record. When integer-l and integer-2 are
both specified, they represent the minimum and maximum character
size of the physical record, respectively.

Integer-1 and integer-2 must include any control bytes and
padding (areas not contained within a logical record) contained
in the physical record.

The CHARACTERS option must be used when:
. The physical record contains padding.

. Logical records are grouped so that an inaccurate physical
record size could be implied. (For example, if the user
describes a variable-length record of 100 characters, vet
each time writes a block of 4, one 50-character record is
written followed by three 100-character records. If the
RECORDS option was specified, the compiler would calculate
the block size as 420 characters instead of the actual size,
370 characters. This calculation includes block and record
descriptors.)

See the System Depéndencies chapter.

C
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RECORDS Option

When this option is specified, the physical record size is
expressed as the number of logical records contained in each
physical record.

The compiler assumes that the block size must provide for
integer-2 records of maximum size, and provides any additional
space needed for control bytes.

RECORD CONTAINS CLAUSE

Programming Notes

The RECORD CONTAINS clause specifies the size of a file's data
records.

The RECORD CONTAINS clause is never required, because the size
of each record is completely defined in the record description
entries. When this clause is specified, the following notes

apply:
. Integer-3 and integer-% must be unsigned integers.

. When both integer-3 and integer-% are specified, integer-3
specifies the size of the smallest data record, and
integer-4 specifies the size of the largest data record.

. Integer-4 must not be specified alone unless all the records
are the same size; in this case, integer-%¢ specifies the
exact number of characters in the record.

. The record size must be specified as the number of character
positions needed to store the record internally; that is, in
terms of the number of bytes occupied internally by its
characters, regardless of the number of characters used to
represent the i1tem within the record. The size of a record
is determined according to the rules for obtaining the size
of a group item. (See the descriptions of the USAGE clause
and of Slack Bytes for further information.)

See the chapter on System Dependencies.

When the RECORD CONTAINS clause is omitted, the record lengths
are determined by the compiler from the record descriptions.
When one of the entries within a record description contains an
OCCURS DEPENDING ON clause, the compiler uses the maximum value
of the variable length item to calculate the record length.

LABEL RECORDS CLAUSE

STANDARD Option

OMITTED Option

The LABEL RECORDS clause specifies whether or nbt labels are
present.

The LABEL RECORDS clause is required in every FD entry.

This option specifies that labels conforming to system
spacifications exist for this file.

This option may be specified for files assigned to magnetic tape
devices. It must be specified for sequential disk files.

This option specifies that no labels exist for this file.
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VSAM Considerations

VALUE OF CLAUSE

DATA RECORDS CLAUSE

LINAGE CLAUSE

This option must be specified for files assighed to unit record
devices. It may also be specified for files assigned to
magnetic tape devices.

For VSAM files, the LABEL RECORDS clause is treated as
documentation. Label processing, therefore, is not performed.

The VALUE OF clause serves only as documentation; it
particularizes the description of an item in the label records

.associated with this file.

The syntax of this clause is accepted by the compiler and
treated as documentation. In this implementation, no specific
system—names are provided.

The DATA RECORDS clause serves only as documentation for the
names of data records associated with this file.

The specification of more than one data-name indicates that this
file contains more than one type of data record, that is, two or
more record descriptions for this file occupy the same storage
area. These records need not have the same description or
length. The order in which the data-names are listed is not
significant.

Data-name-3 and data-name-4% are the names of record description
entries associated with this file.

=
=4

~

The DATA RECORDS clause is never required. wkwf

The LINAGE clause specifies the depth of a logical page in terms
of number of lines; optionally, it also specifies the line
number at which the footing area begins, in addition to the top
and bottom margins of the logical page. (Note that there is not
necessarily a relationship between the logical page size and the
physical page size.)

The LINAGE clause may be specified only for physical sequential
files, opened OUTPUT, or I-0.

All integers must be unsigned. All data-names must be described
as unsigned integer data items.

LINAGE integer-5/data-name-5

WITH FOOTING Option

Integer-5 or the value in data-name-5 specifies the number of
lines that can be written and/or spaced on this logical page.
The area of the page these lines represent is called the page
body. The value must be greater than zero.

Integer-6 or the value in data-name-6 specifies the first line
number of the footing area within the page body. The footing
line number must be greater than zero, and not greater than the
last line of the page body. The footing area extends between

those two lines. m:w\

v
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LINES AT TOP Option

Integer-7 or the value in data-name-7 specifies the number of
lines in the top margin of the logical page. The value may be
zero.

LINES AT BOTTOM Option

Integer-8 or the value in data-name-8 specifies the number of
éines in the bottom margin of the logical page. The value may
e zero.

Figure 7 illustrates the use of each option of the LINAGE
clause.

| #

LINES AT TOP integer-7 (top margin)

|

logical
page body page depth

WITH FOOTING integer-6

footing area

LINAGE integer-5 * $

!

LINES AT BOTTOM integer-8 (bottom margin)

l

Figure 7. LINAGE Clause and Logical Page Depth

General Considerations

The logical page size specified in the LINAGE clause is the sum
of all values specified in each option except the FOOTING
option. If the LINES AT TOP and/or the LINES AT BOTTOM option
is omitted, the assumed value is zero. Each logical page
immediately follows the preceding logical page, with no
additional spacing provided.

If the FOOTING option is omitted, its assumed value is equal to
that of the page body (integer-5 or data—-name-5).

At the time an OPEN OUTPUT statement is executed, the values of
integer-5, integer-6, integer-7, and integer-8, if specified,
are used to determine the page body, first footing line, top
margin, and bottom margin of the logical page for this file.
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These values are then used for all logical pages printed for
this file during a given execution of the program. Q:T%

Data-name-5, data-name-6, data-name-7, and data-name-8, if
specified, cause the following actions to take place:

. Their values at the time an OPEN OUTPUT statement is
executed are used to determine the page body, the first
footing line, the top margin, and the bottom margin for the
first logical page only.

. Their values at the time a WRITE ADVANCING statement causes
page ejection are used to determine the page body, first
footing line, top margin, and bottom margin for the next
succeeding logical page only.

LINAGE-COUNTER Special Register

REPORT CLAUSE

CODE-SET CLAUSE

For each FD entry containing a LINAGE clause, a separate
LINAGE-COUNTER special register is generated. When more than
one is generated, the user must qualify each LINAGE-COUNTER with
its related file-name.

The implicit description of LINAGE-COUNTER is one of the
following:

. If the LINAGE clause specifies data-name-1, LINAGE-COUNTER
has the same PICTURE and USAGE as data-name-1.

. If the LINAGE clause specifies integer-1l, LINAGE-COUNTER is
a binary item with the same number of digits as integer-1.

The value in LINAGE-COUNTER at any given time is the line number
at which the device is positioned within the current page.

LINAGE-COUNTER may be referred to in Procedure Division -
statements; it must not be modified by them. /f

LINAGE-COUNTER is initialized to one when an OPEN statement for
this file is executed.

LINAGE~-COUNTER is automatically modified by any WRITE statement
for this file. (See WRITE Statement in the Input/Output
Statements chapter for details.)

r IBM Extension 1
The REPORT clause specifies the names of any reports associated
with this file. (The REPORT clause is described in the chapter
on the Report Writer feature.)

The LINAGE clause is not allowed with the REPORT clause.

L End of IBM Extension .

The CODE-SET clause specifies the character code used to
represent data on a magnetic tape file. When the CODE-SET
clause is specified, alphabet-name identifies the character code
convention used to represent data on the input/output device.

Alphabet-name must be defined in the SPECIAL-NAMES paragraph as
STANDARD-1 (for ASCII-encoded files), or as NATIVE (for

EBCDIC-encoded files). When NATIVE is specified, the compiler

treats the CODE-SET clause as documentation. @
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The CODE-SET clause also specifies the algorithm for converting
the character codes on the input/output medium from/to the
internal EBCDIC character set.

When the CODE-SET clause is specified, all data in this file
must have USAGE DISPLAY, and, if signed numeric data is present,
it must be described with the SIGN IS SEPARATE clause.

When the CODE-SET clause is omitted, the EBCDIC character set is
assumed for this file. The CODE-SET clause is valid only for
magnetic tape files.

Note: For ASCII considerations, see Appendix B.
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DATA DESCRIPTION

{ ™
S

All of the data used in a COBOL program is described using a

uni form system of representation. The basic concepts of data
description are discussed in this chapter, as well as the actual
COBOL clauses used to describe data.

DATA DESCRIPTION CONCEPTS

LEVEL CONCEPTS

LEVEL-NUMBERS

Most of the data processed by a COBOL program is presented in
hierarchically arranged records. This is because most data must
be divided into separate subdivisions for processing.

For example, in a department store's customer file, one complete
record could contain all data pertaining to one customer.
Subdivisions within that record could be: customer name,
customer address, account number, department number of sale,
unit amount of sale, dollar amount of sale, previous balance,
plus other pertinent information.

To subdivide these records, COBOL uses a hierarchic concept of
lavels.

Because records must be divided into logical subdivisions, the
concept of levels is inherent in the structure of a record.
Once a record has been subdivided, it can be further subdivided
to provide more detailed data references.

The basic subdivisions of a record (that is, those fields not N
further subdivided) are called elementary items. Consequently, &WJV
a record can be made up of a series of elementary items, or it

may itself be an elementary item.

It may be necessary to refer to a set of elementary items;
therefore elementary items can be combined into group items.
Groups themselves can be combined into a more inclusive group
that contains two or more subgroups. Because of this, within
one hierarchy of data items, an elementary item can belong to
more than one group item.

A system of level-numbers specifies the organization of
elementary and group items into records. Special level-numbers
are also used; they identify data items used for special
purposes.

Record Description Level-Numbers

Each group and elementary item in a record requires a separate
entry, and each must be assigned a level-~number. The following
level-numbers are used to structure records:

01
This level-number specifies the record itself, and is the
most inclusive level-number possible. A level-01 entry may
be either a group item or an elementary item.

02-49
These level-numbers specify group and elementary items
within a record. Less inclusive data items are assigned AN
higher (not necessarily consecutive) level-numbers. JW
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A group item includes all group and elementary items following
it until a level-number less than or equal to the level-number
of this group is encountered.

All elementary or group items immediately subordinate to one
group item must be assigned identical level-numbers higher than
the level-number of this group item.

Figure 8 illustrates the concept. Note that all groups
immediately subordinate to the level-01 entry have the same
level-number. Note also that elementary items from different
subgroups do not necessarily have the same level number, and
that elementary items can be specified at any level within the
hierarchy.

The COBOL record-description entry Is subdivided as
written as follows indicated below:
01 RECORD-ENTRY. <==-=this entry includes---—
05 GROUP-1. <----this entry includes—--
10 SUBGROUP-1. <===--this entry includes---
15 ELEM-1 PIC ... . ]
15 ELEM-2 PIC ... . v
10 SUBGROUP-2. <--=--this entry includes---1
15 ELEM-3 PIC ... . J
15 ELEM-4¢ PIC ... . v v
05 GROUP-2 <----this entry includes-----
(::} 15 SUBGROUP-3. <==~=-this entry includes--—]
25 ELEM-5 PIC ... . |
25 ELEM-6 PIC ... . i
v
15 SUBGROUP-4 PIC ... . this entry includes itself v
05 GROUP-3 PIC ... . : this entry includes itself v

Its storage arrangement is illustrated below:

o e e e RECORD-ENTRY-————rm—mm e e e e e e e e e >
emmmm e GROUP-1-----mm—m e Sl GROUP-2--=-——~ > |
<=-SUBGROUP-1-->|<=~SUBGROUP~2~~~>|<~~SUBGROUP-3~-->| |

ELEM~-1 ELEM-2 ELEM-3 ELEM-4 ELEM-5 ELEM-6 SUBGROUP-4 GROUP-3
Figure 8. Level-Number Concepts
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Special Level-Numbers

Indentation

CLASSES OF DATA

Special level-numbers identify items that do not structure a
record. The special level-numbers are:

66
Identifies elementary or group items described by a RENAMES
clause; such items regroup previously-defined data items.

(For an example, see the RENAMES clause description.)

77
Identifies independent Working-Storage or Linkage Section
items which are not subdivisions of other items, and which
are not themselves subdivided.

88

Identifies any condition—-name entry that is associated with
a particular value of a conditional variable.

(For an example, see the VALUE clause description.)

Note: Level-77 and level-01 entries in the Working Storage
Section and Linkage Section must be given unique data-names,
since neither can be qualified. Subordinate data-names, if they
can be qualified, need not be unique.

Successive data description entries may begin in the same column
as preceding entries, or may be indented according to
level-number. Indentation is useful for documentation, but does
not affect the action of the compiler.

All data used in a COBOL program can be divided into three
classes and five categories. Every elementary item in a program
belongs to both one of the classes and one of the categories.
Every group item belongs to the alphanumeric class, even if the
subordinate elementary items belong to another class and
category. Figure 9 shouws the relationship of data classes and
categories.

LEVEL OF ITEM CLASS CATEGORY

Elementary Alphabetic Alphabetic
Numeric Numeric
Alphanumeric Numeric Edited

Alphanumeric Edited
Alphanumeric

Group Alphanumeric Alphabetic
Numeric
Numeric Edited
Alphanumeric Edited
Alphanumeric

Figure 9. Classes and Categories of Data

standard Alignment Rules

The Standard Alignment rules for positioning data in an
elementary item depend on the data category of the receiving
item (that is, the item into which the data is placed).
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standard Data Format

NUMERIC ITEMS: For such receiving items, the following rules
apply:

. The data is aligned on the assumed decimal point and, if
necessary, truncated or padded with zeros. (An assumed
decimal point is one that has logical meaning but that does
not exist as an actual character in the data.)

. If an assumed decimal point is not explicitly specified, the
receiving item is treated as though an assumed decimal point
is specified immediately to the right of the field. The
data is then treated as in the preceding rule.

NUMERIC EDITED ITEMS: The data is aligned on the decimal point,
and (if necessary) truncated or padded with zeros at either end,
except when editing causes replacement of leading zeros.

ALPHANUMERIC, ALPHANUMERIC EDITED, ALPHABETIC: For these data
categories, the following rules apply:

. The data is aligned at the leftmost character position, and
(if necessary) truncated or padded with spaces at the right.

U If the JUSTIFIED clause is specified for this receiving
item, the above rule is modified as described in the
JUSTIFIED clause.

COBOL makes data description as machine independent as possible.
For this reason, the properties of the data are described in
relation to a standard data format rather than a
machine-oriented format.

The standard data format uses the decimal svystem to represent
numbers, no matter what base is used by the system, and uses the
remaining characters of the COBOL character set to describe
nonnumeric data. :

Character-string and Item Size

In COBOL, the size of an elementary item is determined through
the number of character positions specified in its PICTURE
character-string. In storage, however, the size is determined
by the actual number of bytes the item occupies, as determined
by the combination of its PICTURE character-string and its USAGE
clause. ’

Usually, when an arithmetic item is moved from a longer field
into a shorter one, this compiler truncates the data to the
number of characters represented in the shorter item's PICTURE
character-string.

For example, if a sending field with PICTURE $99999, and
containing the value +12345, is moved to a COMPUTATIONAL
(binary) receiving field with PICTURE 599, the data is truncated
to +45.

r IBM Extension 1

However, this IBM implementation, as a compile-time option, may
be instructed in such an operation to truncate only those digits
that will overflow the receiving field. When this option is
used, the result obtained in the preceding example is +2345,
because a 2-byte COMPUTATIONAL item can contain the equivalent
of four decimal digits of data. Note that care must be used
when using this option, because there are times when the data
may contain a negative sign.

L End of IBM Extension 4
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SIGNED DATA

Operational Signs

Editing signs

There are two categories of algebraic signs used in COBOL: d:::
operational signs and editing signs. .

Operational signs are associated with signed numeric items, and
indicate their algebraic properties. The internal
representation of an algebraic sign depends on the item's USAGE
clause, and optionally upon its SIGN clause. Zero is considered
a unique value, regardless of the operational sign. An unsigned
field is always assumed to be positive or zero.

Editing signs are associated with numeric edited jtems; editing
signs are PICTURE symbols that identify the sign of the item in
edited output.

DATA DESCRIPTION ENTRY

A data description entry specifies the characteristics of a
particular data item.

General Format 1
[ data-name

level-number < T clause
J

| FILLER
L

[REDEFINES clause] &
[BLANK WHEN ZERO clausel
[JUSTIFIED clausel
[OCCURS clausel
[PICTURE clausel
[SIGN clausel
[SYNCHRONIZED clausel
[USAGE clausel
[VALUE clausel.
General Format 2
66 data—-name-1 RENAMES clause.
General Format 3
88 condition-name VALUE clause.
The maximum length for a fixed-length Working-Storage or Linkage

Section entry is 131071 bytes. The maximum length for all other
entries is 32767 bytes.

C
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GENERAL FORMAT 1

GENERAL FORMAT 2

GENERAL FORMAT 3

This format is used for record description entries in all Data
Division sections, and for level-77 entries in the
Working-Storage and Linkage Sections. The following rules
apply:

. The level-number can be any number from 01 through 49, or
;7. Level-numbers 01 through 09 can be written as 1 through

. The clauses may be written in any order, with two
exceptions:

- The data-name/FILLER entry must immediately follow the
level-number.

- When specified, the REDEFINES clause must immediately
follow the data-name clause.

. The PICTURE clause must be specified for every elementary
item except index data items. (Index data items are
discussed in the Table Handling chapter.)

. The BLANK WHEN ZERO, JUSTIFIED, PICTURE, and SYNCHRONIZED
clauses are only valid for elementary items.

. A space, or a comma or semicolon followed by a space, must
separate clauses.

. Each entry must end with a period followed by a space.

This format regroups previously-defined items. The following
rules apply:

. A level-66 entry can neither rename another level-66 entry,
nor can it rename a level-01, level-77, or level-88 entry.

o All level-66 entries associated with one record must
immediately follow the last data description entry in that
record.

. The entry must end with a period followed by a space.

Additional details are given in the description of the RENAMES
Clause.

This format describes condition-names.

A condition-name is a user-specified name that associates
value(s) and/or range(s) of values with a conditional variable.

A conditional variable is a data item that can assume one or
more values, which can in turn be associated with a
condition—-name.

The following rules for condition—name entries apply:

L Any entry beginning with level-number 88 is a condition-name
entry.

L The condition-name entries associated with a particular
conditional variable must immediately follow the conditional
variable entry. The conditional variable can be any
elementary data description entry except another
condition-name or an index data item.
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LEVEL~NUMBER

. A condition—-name can be associated with a group item data
description entry, in this case: "

- The condition—name value must be specified as a e
nonnumeric literal or figurative constant.

- The size of the condition-name value must not exceed the
sum of the sizes of all the elementary items within the
group.

- No element within the group may contain a JUSTIFIED or
SYNCHRONIZED clause.

- No USAGE other than USAGE IS DISPLAY may be specified
within the group.

. Condition-names can be specified both at the group level and
at subordinate levels within the group.

] The relation test implied by the definition of a
condition-name at the group level is performed in accordance
with the rules for comparison of nonnumeric operands
regardless of the nature of elementary items within the
group.

L A space, or a comma or semicolon followed by a space, must
separate successive operands.

. Each entry must end with a period followed by a space.

Examples of both elementary and group condition-name entries are
given in the description of the VALUE clause.

The level-number specifies the hierarchy of data within a { j
record, and also identifies special-purpose data entries. R

Format
level-number
The following rules for level-numbers apply:

. A level-number begins a data description entry, a renamed or
redefined item, or a condition-name entry.

. Level-numbers 01 and 77 must begin in Area A followed by a
space.

. Level-numbers 02 through 49, 66, and 88 may begin in either
Area A or Area B and must be followed by a space.

. Single-digit level-numbers 1 through 9 may be substituted
for level-numbers 01 through 09.

See also the description of level-numbers in the Data
Description Concepts section, and the description of Data
Division Entries in the chapter on Standard COBOL Format.
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DATA-NAME/FILLER CLAUSE

REDEFINES CLAUSE

A data-name explicitly identifies the data being described; the
key word FILLER specifies an item that is not explicitly
referred to in a program.

Format

[ data-name ]
< >
| FILLER ]
L J
In a data description entry, a data-name or the key word FILLER
must be the first word following the level-number.

T IBM Extension 1

See the data-name clause description in the Report Writer
chapter for the one exception to this rule.

L End of IBM Extension —!

A data-name identifies a data item used in the program. The
data item may assume a number of different values during program
execution.

The key word FILLER specifies an elementary item in a record
that is never explicitly referred to.

T IBM Extension 1

However, this IBM implementation allows a FILLER item to be a
group item.

¢ End of IBM Extension .

Under no circumstances may a FILLER item be explicitly referred
to.

The key word FILLER may be used with a conditional variable, if
explicit reference is never made to the conditional variable but
only to values it may assume.

In a MOVE CORRESPONDING statement, or in an ADD CORRESPONDING or
SUBTRACT CORRESPONDING statement, FILLER items are ignored.

The REDEFINES clause describes the same storage area as capable
of containing different data items.

Format

level-number data-name-1 REDEFINES data-name-2

Note: level-number and data-name-1 are not part of the
REDEFINES clause itself, and are only included in the format for
clarity.

When specified, the REDEFINES clause must be the first entry
following data-name-1.

The level-numbers of data-name-1 and data-name-2 must be
identical, and must not be level 66 or level 88.

Data—-name-2 is the redefined item.

Data-name-1 identifies an alternate description for the same
area, or the redefining item.
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Implicit redefinition is assumed when more than one level-01
entry subordinate to an FD Entry or CD Entry is written. In
such level-01 entries, the REDEFINES clause must not be
specified.

Redefinition begins at data-name-1 and ends when a level-number
less than or equal to that of data-name-2 is encountered. No
entry having a level-number numerically lower than those of
data-name-1 and data-name-2 may occur between these entries.
For example:

05 A PICTURE X(6).
05 B REDEFINES A.
10 B-1 PICTURE X(2).
10 B-2 PICTURE 9(4).
05 C PICTURE 99V99.

In this example, A is the redefined item, and B is the
redefining item. Redefinition begins with B and includes the
two subordinate items B-1 and B-2. Redefinition ends when the
level-05 item C is encountered. i

The data description entry for data-name-2, the redefined item,
cannot contain a REDEFINES clause or an OCCURS clause (with or
without the DEPENDING ON option). However, the redefined item
may itself be subordinate to an item that contains either
clause. If the redefined item is subordinate to an OCCURS
clause, data-name-2 in the REDEFINES clause (the redefined item)
must not be subscripted or indexed.

Neither the redefined item nor the redefining item, or any items
subordinate to them, can contain an OCCURS DEPENDING ON clause.

When data-name-1, the redefining item, is specified with a
level-number other than 01, it must specify a storage area of
the same size as the redefined item data-name-2.

Multiple redefinitions of the same storage area are permitted.
The entries giving the new descriptions of the storage area must
immediately follow the description of the redefined area without
intervening entries that define new character positions.
Multiple redefinitions must all use the data-name of the
original entry that defined this storage area. For example:

05 A PICTURE 9999.
05 B REDEFINES A PICTURE 9V999.
05 C REDEFINES A PICTURE 99V99.

The redefining entry (identified by data-name-1), and any
subordinate entries, must not contain any VALUE clauses. This
rule does not apply to condition—-name entries.

General Cconsiderations

72

Data items within an area can be redefined without their lengths
being changed. For example:

05 NAME-2.
10 SALARY PICTURE XXX.
10 SO0-SEC-NO PICTURE X(9).
10 MONTH PICTURE XX.
05 NAME-1 REDEFINES NAME-2.
10 WAGE PICTURE XXX.
10 EMP-NO PICTURE X(9).
10 YEAR PICTURE XX.

Data items can also be rearranged within an area. For example:

05 NAME-2.
10 SALARY PICTURE XXX.
10 S0-SEC-NO PICTURE X(9).
10 MONTH PICTURE XX.

05 NAME-1 REDEFINES NAME-2.

IBM VS COBOL for 0S/VS
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10 EMP-NO PICTURE X(6).
10 WAGE PICTURE 999V999.
10 YEAR PICTURE XX.

When an area is redefined, all descriptions of the area are
always in effect; that is, redefinition does not cause any data
to be erased and never supersedes a previous description.
Therefore, if B REDEFINES C has been specified, either of the
two procedural statements MOVE X TO B and MOVE Y T0O C could be
executed at any point in the program.

In the first case, the area described as B would assume the
value of X. In the second case, the same physical area
(described now as C) would assume the value of Y. Notice that,
if the second statement is executed immediately after the first,
the value of Y replaces the value of X in the one storage area.

The usage of a redefining data item need not be the same as that
of a redefined item. This does not, however, cause any change
in existing data. For example:

05 PICTURE 99 USAGE DISPLAY VALUE 8.
05 C REDEFINES B PICTURE 599 USAGE COMPUTATIONAL.
05 PICTURE S99 USAGE COMPUTATIONAL.

The bit configuration of the DISPLAY value 8 is

1111 0000 1111 1000. Redefining B does not change the bit
configuration of the data in the storage area. Therefore, the
two statements, ADD B TO A and ADD C TO A give different
results. In the first case, the value 8 is added to A (because
B has USAGE DISPLAY). In the second statement, the value -48 is
added to A (because C has USAGE COMPUTATIONAL) and the bit
configuration (truncated to 2 decimal digits) in the storage
area has the binary value -48.

Unexpected results may occur when a redefining item is moved to
a redefined item (that is, if B REDEFINES C and the statement
MOVE B TO C is executed). Unexpected results may also occur
when a redefined item is moved to a redefining item (as, from
the previous example, if the statement MOVE C TO B is executed).

The REDEFINES clause may be specified for an item within the
scope of an area being redefined (that is, an item subordinate
to a redefined item). For example:

05 REGULAR-EMPLOYEE.
1 LOCATION PICTURE A(8).
10 GRADE PICTURE X(4).
10 SEMI-MONTHLY-PAY PICTURE 9999V99.
10 WEEKLY-PAY REDEFINES SEMI-MONTHLY-PAY
PICTURE 999V999.

05 TEMPORARY-EMPLOYEE REDEFINES REGULAR-EMPLOYEE.
10 LOCATION PICTURE A(3).
10 FILLER PICTURE X(6).
10 HOURLY-PAY PICTURE 99V99.

The REDEFINES clause may also be specified for an item
subordinate to a redefining item. For example:

05 REGULAR-EMPLOYEE,
10 LOCATION PICTURE A(8).
10 GRADE PICTURE X(4).
10 SEMI-MONTHLY-PAY PICTURE 999V999.

05 TEMPORARY-EMPLOYEE REDEFINES REGULAR-EMPLOYEE.
10 LOCATION PICTURE A(3).
10 FILLER PICTURE X(6).
10 HOURLY-PAY PICTURE 99V99.
10 CODE-H REDEFINES HOURLY-PAY PICTURE 9999.
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BLANK WHEN ZERO CLAUSE

JUSTIFIED CLAUSE

OCCURS CLAUSE

PICTURE CLAUSE

The BLANK WHEN ZERO clause specifies that an item is to be @;:;
filled entirely with spaces when its value is zero. ‘

Format

BLANK WHEN ZERO

The BLANK WHEN ZERO clause may be specified only for elementary
numeric or numeric edited items. When it is specified for a
p:meric item, the item is considered to be a numeric edited
item.

If the BLANK WHEN ZERO clause is specified, the item contains
nothing but spaces when its value is zero.

The BLANK WHEN ZERO clause must not be specified for level-66 or
level-88 items.

The BLANK WHEN ZERO clause and the asterisk (%) as a suppression
symbol must not be specified for the same entry.

The JUSTIFIED clause overrides standard positioning rules for a
receiving item of the alphabetic or alphanumeric categories.

Format

[ JUSTIFIED 1
{ JUST

RIGHT

by

The JUSTIFIED clause may be specified only at the elementary Wkﬂv
leve}. JUST is an abbreviation for JUSTIFIED, and has the same
meaning.

The JUSTIFIED clause must not be specified for a numeric item,
or for any item for which editing is specified.

When the JUSTIFIED clause is specified for a receiving item, the
data is aligned at the rightmost character position in the
receiving item, and:

. If the sending item is larger than the receiving item, the
leftmost characters are truncated.

. If the sending item is smaller than the receiving item, the
unused character positions at the left are filled with
spaces.

When the JUSTIFIED clause is omitted, the rules for standard
alignment are followed (see Standard Alignment Rules in the Data
Description Concepts section).

The JUSTIFIED clause must not be specified with level-66
(RENAMES) and level-88 (condition-name) entries.

The OCCURS clause specifies tables whose elements can be
referred to by indexing or subscripting. It is described in the

chapter on Table Handling. .__ P?fja 2' 2

The PICTURE clause specifies the general characteristics and Mi:;
editing requirements of an elementary item.
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symbols Used in the

T IS character-string
4

The PICTURE clause must be specified for every elementary item
except an index data item. The PICTURE clause may be specified
only at the elementary level. PIC is an abbreviation for
PICTURE and has the same meaning.

The character-string is made up of certain COBOL characters used
as symbols. The allowable combinations determine the category
of the data item. .

The character-string may contain a maximum of 30 characters.

PICTURE Clause

The functions of each PICTURE clause symbol are defined in the
following list; more detailed explanations are given in the
following sections. Any punctuation character appearing within
the PICTURE character-string is not considered a punctuation
character, but rather as a PICTURE character-string symbol.

A Each A in the character string represents a character
position that can contain only a letter of the
alphabet or a space.

B Each B in the character string represents a character
position into which the space character will be
inserted.

P The P indicates an assumed decimal scaling position,
and is used to specify the location of an assumed
decimal point when the point is not within the number
which appears in the data item. The scaling position
character P is not counted in the size of the data
item. Scaling position characters are counted in
determining the maximum number of digit positions
(18) in numeric edited items or in items that appear
as arithmetic operands. In any operation converting
data from one form of internal representation to
another, if the item being converted is described
with the PICTURE symbol P, each digit position
described by a P is considered to contain the value
zero, and the size of the item is considered to
include these zero digit positions.

For example, PICTURE PPP99 DISPLAY defines a
2-character item whose value may range from .00001
through .00099, or zero; while 99PPP DISPLAY defines
a 2-character item whose value may range from 1000
through 99000, or =zero.

The scaling position character P may appear only to
the left or right of the other characters in the
string as a continuous string of Ps within a PICTURE
description. The sign character S5 and the assumed
decimal point V are the only characters which may
appear to the left of a leftmost string of Ps.
Because the scaling position character P implies an
assumed decimal point (to the left of the Ps if the
Ps are leftmost PICTURE characters and to the right
of the Ps if the Ps are rightmost PICTURE
characters), the assumed decimal point symbol V is
redundant as either the leftmost or rightmost
character within such a PICTURE description.

S The symbol S is used in a PICTURE character string to
indicate the presence (but not the representation
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nor, necessarily, the position) of an operational
sign, and must be written as the leftmost character
in the PICTURE string. An operational sign indicates
whether the value of an item involved in an operation
is positive or negative. The symbol S is not counted
in determining the size of the elementary item,
unless an associated SIGN clause specifies the
SEPARATE CHARACTER option.

The V is used in a character string to indicate the
location of the assumed decimal point and may appear
only once in a character string. The V does not
represent a character position and, therefore, is not
counted in the size of the elementary item. When the
assumed decimal point is to the right of the
rightmost symbol in the string, the V is redundant.

-Each X in the character string represents a character

position which may contain any allowable character
from the EBCDIC set.

Each Z in the character string represents a leading

- numeric character position; when that position

contains a zero, the zero is replaced by a space
character. Each Z is counted in the size of the
item.

Each 9 in the character string represents a character
position that contains a numeral and is counted in
the size of the item.

Each zero in the character string represents a
character position into which the numeral zero will
be inserted. Each zero is counted in the size of the
item.

Each stroke (/) in the character-string represents a
character position into which the stroke character
will be inserted. Each stroke is counted in the size
of the item.

Each comma in the character string represents a
character position into which a comma will be
inserted. This character is counted in the size of
the item. The comma insertion character cannot be
the last character in the PICTURE character string.

When a period appears in the character string, it is
an editing symbol that represents the decimal point
for alignment purposes. In addition, it represents a
character position into which a period will be
inserted. This character is counted in the size of
the item. The period insertion character cannot be
the last character in the PICTURE character string.

Note: For a given program, the functions of the
period and comma are exchanged if the clause
DECIMAL-POINT IS COMMA is specified in the
SPECIAL-NAMES paragraph. In this exchange, the rules
for the period apply to the comma and the rules for
the comma apply to the period wherever they appear in
a PICTURE clause.

These symbols are used as editing sign control
symbols. When used, each represents the character
position into which the editing sign control symbol
will be placed. The symbols are mutually exclusive
in one character string. Each character used in the
symbol is counted in determining the size of the data
item.

Each asterisk (check protect symbol) in the character
string represents a leading numeric character
position into which an asterisk will be placed when

o
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that position contains a zero. Each asterisk (%)

counted in the size of the item.

$ The currency symbol in the character string

is

represents a character position into which a currency

symbol is to be placed. The currency symbol in a

character string is represented either by the symbol

$ or by the single character specified in the

CURRENCY SIGN clause in the SPECIAL-NAMES paragraph

of the Environment Division. The currency symbol is
counted in the size of the item.
Figure 10 gives the order in which PICTURE clause
symbols must be specified.
FIRST Non-Floating Floating
SYMBOL Insertion Symbols Insertion Symbols Other Symbols
SECOND +1lf+\|JCR Z\f 2+ |+ A
SYMBOL Blol /b |- HIHEHGEH s KRHEHENE s | sl %] v =]
Blx|x]|x|x]x]|x x|x|x|[x|x|[x]x]|x]|x x b4
NON-FLOATING
Olx|x|x|x|x]|x x| x|x|xIx|[x|[x]|x]|x X X
INSERTION
SYMBOLS /lx]lx|x|[x]x]|x x| x|x|x{x|[x|x|x]|x X X
x| x|x]x|X X|x|x|x|x|x|x]|x X X
. X X X X X X X X X X
{I}
x|x|x|x]|x X|x|x x| x| x X |x|x
{Z}
os!
il | x| x|[x]|x x| x|x x| x| x X |x|x
$ X
$ is the default value for the currency symbol.
At least one of the symbols A, X, Z, 9, or *, or at least two of the symbols +,
-, or $ must be present in a PICTURE string.
An X at an intersection indicates that the symbol(s) at the top of the column
may, in a given character-string, appear anywhere to the left of the symbol (s)
at the left of the row.
Non-floating insertion symbols + and -, floating insertion symbols Z, *, +, -,
and $ and other symbol P appear twice in the above PICTURE character precedence
table. The leftmost column and uppermost row for each symbol represents its use
to the left of the decimal point position. The second appearance of the symbol
in the table represents its use to the right of the decimal point position.
Braces (‘}) indicate items that are mutually exclusive.
Figure 10 (Part 1 of 3). PICTURE Clause Symbol Order
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swwsor |  Insertion Symbols  [nsertion Symbols | Other Symbols
SyMBOL [2lof/ ] |- {ONDGaH s [GHERDHE, s | s [ o) X |s|v]2 |2
B = | x [x |x x x | x
FLOATING {t} N I I N x
INSERTION
SYMBOLS {Hxx]x|x|x x x |x x x
‘$ x [x |x |x X x
$lx|x|x|x|x|x X |x X X

$ is the default value for the currency symbol.

At least one of the symbols A, X, Z, 9, or *, or at least two of the symbols +,
-, or $ must be present in a PICTURE string.

An X at an intersection indicates that the symbol(s) at the top of the column
may, in a given character-string, appear anywhere to the left of the symbol (s)
at the left of the row.

Non-floating insertion symbols + and -, floating insertion symbols Z, *, +, -,

and $ and other symbol P appear twice in the above PICTURE character precedence
table. The leftmost column and uppermost row for each symbol represents its use
to the left of the decimal point position. The second appearance of the symbol

in the table represents its use to the right of the decimal point position.

Braces ({}) indicate items that are mutually exclusive.

Figure 10 (Part 2 of 3). PICTURE Clause Symbol Order
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g%ﬁggL InZZEZEigaE;;gols Inseit?gﬁiggmbols Other Symbols
szcone S 2 I I i o R T e R P A T R R
9l x| x| x|xix|x x| x x X X|x|x|x b4
2 X | x| x x| x
OTHER S
SYMBOLS VIix|x|x|x X X | x X X X X X
Pl x|x|[x]|x b4 X | X X X X X X
P X X X | x X

$ is the default value for the currency symbol.

At least one of the symbols A, X, Z, 9, or ¥, or at least two of the symbols +,
-, or $ must be present in a PICTURE string. :

An X at an intersection indicates that the symbol(s) at the top of the column
may, in a given character-string, appear anywhere to the left of the symbol (s)
at the left of the row.

Non-floating insertion symbols + and -, floating insertion symbols 2, *, +, -,
and $ and other symbol P appear twice in the above PICTURE character precedence
table. The leftmost column and uppermost row for each symbol represents its use
to the left of the decimal point position. The second appearance of the symbol
in the table represents its use to the right of the decimal point position.

Braces ({}) indicate items that are mutually exclusive.

Figure 10 (Part 3 of 3). PICTURE Clause Symbol Order

Character-string Representation

The following symbols may appear more than once in one PICTURE

character-string

AB P X 2 9 0 7 , + - % $

Each time one of these symbols appears in the character-string,

it represents an occurrence of that character or set of
allowable characters in the data item.

An integer enclosed in parentheses immediately following any of
these symbols specifies the number of consecutive occurrences of

that symbol (a maximum of 32767).

For example, the following two PICTURE clause specifications are

equivalent:
PICTURE IS5 $99999.99CR
PICTURE IS $9(5).99CR
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The following symbols may each appear only once in one PICTURE
character-string:

S Vv . CR DB

Data Catedqories and PICTURE Considerations

The allowable combinations of PICTURE symbols determine the data
category of the item. Rules for each category follow.

ALPHABETIC ITEMS: The following rules apply:

. The PICTURE character-string can contain only the symbols A
and B.

. The contents of the item in standard data format must
consist of any of the 26 letters of the English alphabet and
the space character.

. USAGE DISPLAY must be specified or implied.

. Any associated VALUE clause must specify a nonnumeric
literal.

NUMERIC ITEMS: The following rules apply:

. The PICTURE character-string can contain only the symbols 9,
P’ S; and V.

. The number of digit positions must range from 1 through 18,
inclusive.

. The contents of the item in standard data format must
contain a combination of the 10 Arabic numerals, and, if
signed, a representation of the operational sign.

. The USAGE of the item can be DISPLAY or COMPUTATIONAL.

r IBM Extension 1

This IBM implementation also allows the USAGE to be
COMPUTATIONAL-3 or COMPUTATIONAL-4.

L End of IBM Extension .

If a VALUE clause is specified for an elementary numeric item,
the literal must be numeric. If a VALUE clause is specified for
a group item consisting of elementary numeric items, the group
is considered alphanumeric, and the literal must therefore be
nonnumeric. The literal is treated exactly as specified; no
editing is performed. Examples of numeric items are shown in

Figure 11.
PICTURE valid Range of Values
9999 8 through 9999
599 =99 through +99
5999Vv9 -999.9 through +999.9
PPP999 0 through .000999
S999PPP -1000 through -999000 and

+1000 through 1999000 or =zero

Figure 11. Examples of Numeric Iteﬁs

Notes:

1. ASCII considerations are given in Appendix B.
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2. System/360 and System/370 architecture do not support packed
negative zero representation. Therefore, zero must be plus
zero or zero; negative zero is not supported by this
compiler.

ALPHANUMERIC ITEMS: The following rules apply for the
alphanumeric category:

. The PICTURE character-string must consist of either:
- Entirely the symbol X, or
- Combinations of the symbolé A, X, and 9. (A
character-string containing all As or all 9s does not

define an alphanumeric item.)

The item is treated as if the character-string contained only
the symbol X.

. The contents of the item in standard data format may be any
allowable characters from the EBCDIC character set.

L USAGE DISPLAY must be specified or implied.

. Any associated VALUE clause must specify a nonnumeric
literal.

ALPHANUMERIC EDITED ITEMS: The following rules apply:

. The PICTURE character-string can contain the following
symbols:

A X 9 B 0 /

The string must contain at least one of the following
combinations:

- At least one B and at least one X
- At least one 0 and at least one X
- At least one X and at least one /
- At least one A and at least one 0
- At least one A and at least one 7/

. The contents of the item in standard data format may be any
allowable character from the EBCDIC character set.

L USAGE DISPLAY must be specified or implied.

. Any associated VALUE clause must specify a nonnumeric
literal. The literal is treated exactly as specified; no
editing is performed.

NUMERIC EDITED ITEMS: The following rules apply:

. The PICTURE character-string can contain the following
symbols:

B PV 2 9 0 ~» , . + - CR DB x $

The combinations of symbols allowed are determined from the
PICTURE clause symbol order allowed (see Figure 10), and the
editing rules (see following section). The following
additional rules also apply:

- The string must contain at least one of the following
symbols:

B »» 2 0 , . ¥ + -~ CR DB
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- The number of digit positions represented in the
character-string must be in the range of 1 through 18, Y
inclusive. . {ﬂ'

- The total number of character positions in the string
(including editing characters) must not exceed 127.

. The contents of those character positions representing
digitslin standard data format must be one of the 10 Arabic
numerals.

. USAGE DISPLAY must be specified or implied.
. Any associated VALUE clause must specify a nonnumeric

literal. The literal is treated exactly as specified; no
editing is performed.

PICTURE Clause Editing

There are two general methods of performing editing in a PICTURE
clause: by insertion or by suppression and replacement.

There are four types of insertion editing: simple insertion,
special insertion, fixed insertion, and floating insertion.
There are two types of suppression and replacement editing: zero
suppression and replacement with asterisks.

The type of editing allowed for an item depends on its data
category. Figure 12 shows which type of editing is valid for
each category.

category Type of Editing

Alphabetic Simple insertion 7N
Numeric None L
Alphanumeric None :

Alphanumeric Edited Simple insertion

Numeric Edited All

Each type of editing is discussed in detail in the following
paragraphs.

Figure 12. Valid Editing for Each Data Category

SIMPLE INSERTION EDITING: This type of editing is valid for
alphabetic, alphanumeric edited, and numaric edited items. The
valid insertion symbols for each category are shown in

Figure 13.

category valid Insertion Symbols
Alphabetic B

Alphanumeric Edited B O/

Numeric Edited BO s/,

Figure 13. Valid Simple Insertion Characters

Each insertion symbol is counted in the size of the item, and
represents the position within the item where the equivalent
characters will be inserted. (

Examples of simple insertion editing are shown in Figure 14&.
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PICTURE value of Data Edited Result
X(10)/XX ALPHANUMERO1 ALPHANUMER/01
X(5)BX(7} ALPHANUMERIC ALPHA NUMERIC
A(5)BA(S5) ALPHABETIC ALPHA BETIC
99,B999,B000 1234 01, 234, 000
99,999 12345 12,345

Figure 14. Examples of Simple Insertion Editing

SPECIAL INSERTION EDITING: This type of editing is only valid
for numeric edited items.

The period (.) is the special insértion symbol; it also
represents the actual decimal point for alignment purposes.

The period insartion symbol is counted in the size of the item,
and represents the position within the item where the actual
decimal point will be inserted.

The actual decimal point and the symbol V as the assumed decimal
point must not both be specified in one PICTURE
character-string.

Examples of special insertion editing are shown in Figure 15.

PICTURE Value of Data Edited Results

999.99 1.234 001.23
999.99 12.34 012.34
999.99 123.45 123.45
999.99 1234.5 234.50

Figure 15. Examples of Special Insertion Editing

FIXED INSERTION EDITING: This type of editing is valid only for
numeric edited items. The following insertion symbols are used:

$ (currency symbol)
+-CR DB (editing sign control symbols)

L In fixed insertion editing, only one currency symbol and one
editing sign control symbol can be specified in one PICTURE
character-string.

. Unless it is preceded by a + or - symbol, the currency
symbol ($) must be the leftmost character position in the
character-string.

. When either + or - is used as a symbol, it must represent
either the leftmost or rightmost character position in the
character-string.

. When CR or DB is used as a symbol, it must represent the
rightmost two character positions in the character-string.

. Editing sign control symbols produce results depending on
the value of the data item, as shown in Figure 16.
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Result— Result— ﬂfﬂ%

Editing Symbol in PICTURE Data Item Data Item _#
Character String Positive or Zero Negative

+ + -

- space -

CR 2 spaces CR

DB 2 spaces DB

Figure 16. Editing Sign Control Results

Examples of fixed insertion editing are shown in Figure 17.

PICTURE value of Data Edited Result
999.99+ +6555.556 555.55+
+9999,.99 -6555.555 -6555.55
9999.99~ +1234.56 1234.56
$999.99 -123.45 $123.45
-$999.99 -123.456 -$123.45
$9999.99CR +123.45 $0123.45
$9999.99DB -123.45 $0123.45DB

Figure 17. Examples of Fixed Insertion Editing

FLOATING INSERTION EDITING: This type of editing is only valid N
for numeric edited items. The following symbols are used: { JJ
A

$ + -

Within one PICTURE character-string, these symbols are mutually
exclusive as floating insertion characters.

Floating insertion editing is specified by using a string of at
least two of the allowable floating insertion symbols to
represent leftmost character positions in which these actual
characters can be inserted.

The leftmost floating insertion symbol in the character-string
represents the leftmost limit at which this actual character can
appear in the data item. The rightmost floating insertion
symbol represents the rightmost limit at which this actual
character can appear.

The second leftmost floating insertion symbol in the
character—-string represents the leftmost limit at which numeric
data can appear within the data item. Nonzero numeric data may
replace all characters at or to the right of this limit.

Any simple insertion symbols (B 0 / ,) within or to the
immediate right of the string of floating insertion symbols are
considered part of the floating character-string. If the period
(.) special insertion symbol is included within the floating
string, it is considered to be part of the character-string.

In a PICTURE character-string there are two ways to represent
floating insertion editing, and in which editing is performed:

1. Any or all leading numeric character positions to the left
of the decimal point are represented by the floating
insertion symbol. When editing is performed, a single ™
floating insertion character is placed to the immediate left y
of the first nonzero digit in the data, or of the decimal
point, whichever is farther left. The character positions
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to the left of the inserted character are filled with
spaces.

2. All of the numeric character positions are represented by
the floating insertion symbol. When editing is performed,
then:

U If the value of the data is zero, the entire data item
will contain spaces.

. If the value of the data is nonzero, the result is the
same as in rule 1.

To avoid truncation, the minimum size of the PICTURE
character-string must be:

. The number of character positions in the sending item, plus

. The number of nonfloating insertion symbols in the receiving
item, plus

. One character for the floating insertion symbol. Even if
the size of the PICTURE character string is larger than the
minimum needed to accommodate the sending field, the PICTURE
character string must be constructed so that the leftmost
comma is preceded by at least one numeric character position
to represent the digit and by one character to represent the
floating insertion character. For example, if the sending
field is defined as:

01 SEND-FIELD PIC 9(5)V99
and the receiving field is defined as:
77 RECV-FLD PIC $,5$$,$85,$6$$.99

The edited result will not be correct. To yield the correct
results, the receiving field must be defined as:

77 RECV-FLD PIC $%,$%$%,$89,$85.99

Note: A single insertion symbol to the left of a simple or
fixed insertion symbol followed by a string of floating
insertion symbols is not considered part of the floating
character-string. That is, the leftmost + in the following
character-string:

FobHE, b 4

is considered a fixed insertion symbol and not a floating
insertion symbol.

Examples of floating insertion editing are shown in Figure 18.

PICTURE value of Data Edited Result
$66$6.99 .123 $.12
$$689.99 .12 $0.12

$6,66%6,999.99 -1234.56 $1,234.56

++,+++,999_.99 -123456.789 -123,456.78

$8,$98,56$8.99CR ~1234567 $1,234,567.00CR

o, b, F L 0000.00

Figure 18. Examples of Floating Insertion Editing
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ZERO SUPPRESSION AND REPLACEMENT EDITING: This type of editing
is only valid for numeric edited items. The symbols Z and ¥ are

used. Qﬁ%
¥

The following symbols are mutually exclusive as floating
replacement symbols in one PICTURE character-string:

Z % + -8

Zero suppression editing is specified by using a string of one
or more of the allowable symbols to represent leftmost character
positions in which zero suppression and replacement editing can
be performed.

Any simple insertion symbols (B 0 7 ,) within or to the
immediate right of the string of floating editing symbols are
considered part of the string. If the period (.) special
insertion symbol is included within the floating editing string,
it is considered to be part of the character-string.

In a PICTURE character-string there are two ways to represent
zero suppression, and in which editing is performed:

. Any or all of the leading numeric character positions to the
left of the decimal point are represented by suppression
symbols. When editing is performed, any leading zero in the
data that appears in the same character position as a
suppression symbol is replaced by the replacement character.
Suppression stops at the leftmost character that:

-~ Does not correspond to a suppression symbol
- Contains nonzero data
- Is the decimal point
. All of the numeric character positions in the PICTURE VA
character-string are represented by the suppression symbols. \%JV
When editing is performed, and the value of the data is
nonzero, the result is the same as in the preceding rule.
If the value of the data is zero, then:

- If Z has been specified, the entire data item will
contain spaces.

- If ¥ has been specified, the entire data item, except
the actual decimal point, will contain asterisks.

Note: The asterisk (¥) as a suppression symbol and the BLANK
WHEN ZERO clause must not be specified for the same entry.

Examples of zero suppression and replacement editing are shoun
in Figure 19.

PICTURE Value of Data Edited Result
XHHK ¥ 0000.00 HHKK, ¥K
2222.22Z 0000.00
2222 .99 0000.00 .00
X¥¥¥ .99 0000.00 , %X%x¥x% .00
2299.99 0000.00 : 00.00
2,222.2Z+ +123.456 123.45+
¥, EHNK KX+ -123.45 %¥%123.45-
KA, HHK , HHK KX+ +12345678.9 12,345,678.90+
$2,22Z2,222.22CR +12345.67 $ 12,345.67
SBx*, %%x%, %%x%, ¥%XBBDB -12345.67 § %x%%12,345.67 DB

Figure 19. Examples of Zero Suppression and Replacement Editing
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SIGN CLAUSE

The SIGN clause specifies the position and mode of
representation of the operational sign for a numeric entry.

Format
[ LEADING ]

[SIGN IS]1 < > [SEPARATE CHARACTER]
L TRAILING }

The SIGN clause may be specified only for a signed numeric data
description entry (that is, one whose PICTURE character-string
contains an S), or for a group item which contains at least one
such elementary entry. USAGE IS DISPLAY must be specified,
explicitly or implicitly.

Only one SIGN clause may apply to any one data description
entry.

The SIGN clause is required only when an explicit description of
the properties and/or position of the operational sign is
necessary.

When specified, the SIGN clause defines the position and mode of
representation of the operational sign for the numeric data
description entry to which it applies, or for each signed
numeric data description entry subordinate to the group to which
it applies.

If the SEPARATE CHARACTER option is not specified, then:

U The operational sign is assumed to be associated with the
LEADING or TRAILING digit position, whichever is specified,
of the elementary numeric data item. (In this instance,
specification of SIGN IS TRAILING is the equivalent of the
standard action of the compiler.)

L The character S in the PICTURE character string is not
counted in determining the size of the item (in terms of
Standard Data Format characters).

If the SEPARATE CHARACTER option is specified, then:

. The operational sign is assumed to be the LEADING or
TRAILING character position, whichever is specified, of the
elementary numeric data item. This character position is
not a digit position.

. The character S in the PICTURE character string is counted
in determining the size of the data item (in terms of
Standard Data Format characters).

. + is the character used for the positive operational sign.
. - is the character used for the negative operational sign.

. At object time if one of the characters + or - is not
present in the data an error occurs, and the program
abnormally terminates.

Every numeric data description entry whose PICTURE contains the
symbol S is a signed numeric data description entry. If the
SIGN clause is also specified for such an entry, and conversion
is necessary for computations or comparisons, the conversion
takes place automatically.

If no SIGN clause is specified for a signed numeric data
description entry, the position and mode of representation for
the operational sign are determined as explained in the USAGE
clause description.
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SYNCHRONIZED CLAUSE

Note: ASCII considerations for the SIGN clause are given in _
Appendix B. 4:“\
The SYNCHRONIZED clahse specifies the alignment of an elementary

item on a proper boundary in storage.

Format

[ SYNCHRONIZED { LEF }
| |

T
{ SYNC IGHT

70

1
]

SYNC is an abbreviation for SYNCHRONIZED and has the same
meaning.

The SYNCHRONIZED clause ensures efficiency when performing
arithmetic operations on an item. The SYNCHRONIZED clause is
never required; however, performance is improved when
SYNCHRONIZED is specified for binary items used in arithmetic.

The SYNCHRONIZED clause may appear only at the elementary level.

When specified, the LEFT and the RIGHT options are treated as
documentation.

The length of an elementary item is not affected by the
SYNCHRONIZED clause.

When the SYNCHRONIZED clause is specified for an item within the
scope of an OCCURS clause, each occurrence of the item is )
synchronized. N

When the item is aligned, the character positions between the AN
last item assigned and the current item are known as slack

bvtes. These unused character positions are included in the

size of any group to which the svnchronized elementary item

belongs.

The proper boundary used to align the item to be synchronized
depends on the format of the item as defined by the USAGE
clausa.

When the SYNCHRONIZED clause is specified, the following actions
are taken:

For a COMPUTATIONAL item:

. If its PICTURE is in the range of 59 through $59(4), the item
is alighed on a halfword (even) boundary.

] If its PICTURE is in the range of 59(5) through 59(18), the
item is aligned on a fullword (multiple of 4) boundary.

For a DISPLAY item, The SYNCHRONIZED clause is treated as
documentation.

I IBM Extension 1

The SYNCHRONIZED clause treats a COMPUTATIONAL-4¢ item as the
equivalent of a COMPUTATIONAL item and a COMPUTATIONAL-3 item as
the equivalent of a DISPLAY item.

1 End of IBM Extension )

must have the proper boundary alignment for the data item that

When the SYNCHRONIZED clause is specified for an item that also (:M
redefines it. For example, if the programmer writes:

contains a REDEFINES clause, the data item that is redefined JW
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SLACK BYTES

02 A PICTURE X(4).
02 B REDEFINES A PICTURE S9(9) COMP SYNC.

Data item A must begin on a fullword boundary.

When the SYNCHRONIZED clause is specified for a binary item that
is the first elementary item subordinate to an item that
contains a REDEFINES clause, the item must not require the
addition of slack bytes.

When SYNCHRONIZED is not specified for binary items, no space is
reserved for slack bytes.

In the File Section, the compiler assumes that all level-01
records containing SYNCHRONIZED items are aligned on a
doubleword boundary in the buffer. The user must provide the
necessary interrecord slack bytes to ensure alignment.

In the Working-Storage Section, the compiler aligns all level-01
entries on a doubleword boundary.

For the purposes of aligning binary items in the Linkage
Section, all level-01 items are assumed to begin on doubleword
boundaries. Therefore, if the user issues a CALL statement,
such operands of any USING clause within it must be
correspondingly aligned.

There are two types of slack bytes: intrarecord slack bytes and
interrecord slack bytes.

Intrarecord slack bytes are unused character positions preceding
each synchronized item in the record.

Interrecord slack bytes are unused character positions added
between blocked logical records.

Intrarecord Slack Bytes

For an output file, or in the Working-Storage Section, the
compiler inserts intrarecord slack bytes to ensure that all
SYNCHRONIZED items are on their proper boundaries. For an input
file, or in the Linkage Section, performance is improved if
binary items are properly aligned.

Because it is important for the user to know the length of the
records in a file, the algorithm the compiler uses to determine
whether slack bytes are required and, if they are required, the
number of slack bytes to add, is as follows:

. The total number of bytes occupied by all elementary data
items preceding the binary item are added together,
including any slack bytes previously added.

. This sum is divided by m, where:

2 for binary items of 4-digit length or less

m

4 for binary items of 5-digit length or more

m

. If the remainder (r) of this division is equal to zero, no
slack bytes are required. If the remainder is not equal to
zero, the number of slack bytes that must be added is equal
tom - r.

These slack bytes are added to each record immediately following
the elementary data item preceding the binary item. They are
defined as if they were an item with a level number equal to
that of the elementary item that immediately precedes the
SYNCHRONIZED binary item, and are included in the size of the
group which contains them.
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For exampl
01 FIELD-
05
05
65

*

¥

01 FIELD-
65
05

* 85
05

e:

A.

FIELD-
FIELD-
FIELD-

10
10
L.

FIELD-
FIELD-
Slack-
FIELD-

10

B PICTURE X(5).

C.

D PICTURE XX.

Slack-Bytes PICTURE X. Inserted by
compiler

FIELD-E COMPUTATIONAL PICTURE S9(6) SYNC.

M PICTURE X(5).

N PICTURE XX.

Bytes PICTURE X. Inserted by compiler
0.

FIELD-P COMPUTATIONAL PICTURE 59(6) SYNC.

Slack bytes may also be added by the compiler when a group item
is defined with an OCCURS clause and contains within it a
SYNCHRONIZED binary data item. To determine whether slack bytes

are to be added,

the following action is taken:

. The compiler calculates the size of the group, including all
the necessary intrarecord slack bytes.

. This sum is divided by the largest m required by any
elementary item within the group.

. If r is equal to zero, no slack bytes are required. If r is
not equal to zero, m - r slack bytes must be added.

The slack bytes are inserted at the end of each occurrence of
the group item containing the OGCCURS clause. For example, if a
record is defined as follows:

01 WORK-R
05
05

ECORD.

WORK-CODE PICTURE X.
COMP-TABLE OCCURS 10 TIMES.

10

- e s
ocooo

COMP-TYPE PICTURE X.

la-slack-Bytes PIC XX. Inserted by compiler
COMP-PAY PICTURE S9(4)V%9 COMP SYNC.

COMP-HRS PICTURE S$9(3) COMP SYNC.

COMP-NAME PICTURE X(5).

The record will appear in storage as shown in Figure 20.
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| |
j@————————First Occurrence of COMP-TABLE ————————»|
wl |
gl |
MILE I | ! | |
¥ial b i | Lo | '
S | 3 I Slack COMP- | (- | |
z ‘U lBWu | COMP-PAY  [HOURS | COMP-NAME- | | | | I
I | | It | [
I I 1 1 L S Y N | | L1 ] 1 L1
H H H H H H
F F
D D D D
D = doubleword boundary
F = fullword boundary
H = halfword boundary

Figure 20. Insertion of Intraoccurrence Slack Bytes

In order to align COMP-PAY and COMP-HRS upon their proper
boundaries, the compiler has added two intraoccurrence slack
bytes (shown above as la-slack-Bytes).

However, without further adjustment, the second occurrence of
COMP-TABLE would now begin one byte before a doubleword
boundary, and the alignment of COMP-PAY and COMP-HRS would not
be valid for any occurrence of the table after the first.
Therefore, the compiler must add interoccurrence slack bytes at
the end of the group, as though the record had been written:

01 WORK-RECORD.
05 WORK-CODE. PICTURE X.
05 COMP-TABLE OCCURS 10 TIMES.
10 COMP-TYPE PICTURE X.
* 10 Ia-Slack-Bytes PIC XX. Inserted by compiler

1o COMP-PAY PICTURE S9(4)V9% COMP SYNC.
10 COMP-HRS PICTURE 59(3) COMP SYNC.
10 COMP-NAME PICTURE X(5).
% 10 Ie-Slack-Bytes PIC XX. Inserted by compiler

so that the second (and each following) occurrence of COMP-TABLE
begins one byte beyond a doubleword boundary. The storage
layout for the first occurrences of COMP-TABLE will now appear
as shown in Figure 21.

Each succeeding occurrence within the table will now begin at
the same relative position as the first.
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}@-————————First Occurrence of COMP-TABLE - Second Occurrence of COMP—TABLE————-——.II

| | |
gl‘:| i | | ) by | | [ ! |
9% ! | | I I i |
Yomqgle | o | | |
g1d ! sack L come- | I Slack | ! | ! | ! |
0 13 ! Byts | comp-pAY | HOURS COMP-NAME | Bytes | | " | i | |
=19 | | [ P . | | | i

| I T WU U SR B N N VO N H B TS I R WO N | I T N N ] |

H H H H K H H H

D = doubleword boundary
F = fuilword boundary
H = halfword boundary

Figure 21.

Insertion of Interoccurrence Slack Bytes

Where SYNCHRONIZED binary data items follow an entry containing
an OCCURS DEPENDING ON clause, slack bytes are added on the
basis of the field occurring the maximum number of times. If
the length of this field is not divisible by the m required for
the data, only certain values of the data-name that is the
object of the DEPENDING ON option will give proper alignment of
the fields. These values are those for which the length of the
data field multiplied by the number of occurrences plus slack
bytes that have been calculated based on the maximum number of
occurrences is divisible by m.

For example:

01 FIELD-A.
05 FIELD-B PICTURE 99.
05 FIELD-C PICTURE X OCCURS 20 TO 99 TIMES
DEPENDING ON FIELD-B.
% 05 Slack-Bytes PICTURE X. Inserted by compiler
05 FIELD-D COMPUTATIONAL PICTURE 599 SYNCHRONIZED.

In this example, when references to FIELD-D are required,
FIELD-B is restricted to odd values only.

01 FIELD-A.
05 FIELD-B PICTURE 99.
05 FIELD-C PICTURE XX OCCURS 20 T0O 99 TIMES
DEPENDING ON FIELD-B.
% 05 Slack-Bytes PICTURE X. Inserted by compiler
05 FIELD-D PICTURE S99 COMP SYNC.

In this example, all values of FIELD-B give proper references to
FIELD-D.

Interrecord Slack Bytes

92

If the file contains blocked logical records that are to be
processed in a buffer, and any of the records contain binary
entries for which the SYNCHRONIZED clause is specified,
performance is better if the user adds any interrecord slack
bytes needed for proper alignment.
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The lengths of all the elementary data jtems in the record,
including all intrarecord slack bytes, are added. For
variable-length records, it is necessary to add four bytes for
the count field. The total is then divided by the highest value
of m for any one of the elementary items in the record.

If r (the remainder) is equal to zero, no interrecord slack
bytes are required. If r is not equal to zero, m - r slack
bytes are required. These slack bytes may be specified by
writing a level-02 FILLER at the end of the record.

Example: The following example shows the method of calculating
both intrarecord and interrecord slack bytes. Consider the
following record description:

01 COMP-RECORD.
05 A-1 PICTURE X(5).

05 A-2 PICTURE X(3).
05 A-3 PICTURE X(3).
05 B-1 PICTURE S9999 USAGE COMP SYNCHRONIZED.
65 B-2 PICTURE 599999 USAGE COMP SYNCHRONIZED.
05 B-3 PICTURE 59999 USAGE COMP SYNCHRONIZED.

This number of bytes in A-1, A-2, and A-3 totals 11. B-1 is a
4-digit COMPUTATIONAL item and therefore one intrarecord slack
byte must be added before B-1. With this byte added, the number
of bytes preceding B-2 total 14. Because B-2 is a COMPUTATIONAL
item of five digits in length, two intrarecord slack bytes must
be added before it. No slack bytes are needed before B-3.

The revised record description entry now appears as:

61 COMP-RECORD.
05 A-1 PICTURE X(5).
05 A-2 PICTURE X(3).
05 A-3 PICTURE X(3).

* 05 Slack-Byte-1 PICTURE X. Inserted by compiler
05 B-1 PICTURE 59999 USAGE COMP SYNCHRONIZED.

* 05 Slack-Byte-2 PICTURE XX. Inserted by compiler
05 B-2 PICTURE 599999 USAGE COMP SYNCHRONIZED.
05 B-3 PICTURE 59999 USAGE COMP SYNCHRONIZED.

There is a total of 22 bytes in COMP-RECORD, but, from the rules
given in the preceding discussion, it appears that m = ¢ and

r = 2. Therefore, to attain proper alignment for blocked
records, the user must add two interrecord slack bytes at the
end of the record.

The final record description entry appears as:

01 COMP-RECORD.
05 A-1 PICTURE X(5).
05 A-2 PICTURE X(3).
05 A-3 PICTURE X(3).
* 05 Slack-Byte-1 PICTURE X. Inserted by compiler
05 B-1 PICTURE 59999 USAGE COMP SYNCHRONIZED.
* 05 Slack-Byte-2 PICTURE XX. Inserted by compiler
05 B-2 PICTURE 5$999%99 USAGE COMP SYNCHRONIZED.
05 B-3 PICTURE 59999 USAGE COMP SYNCHRONIZED.
* 05 FILLER PICTURE XX. Following are interrecord
* slack bytes added by the user.
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USAGE CLAUSE

DISPLAY Option

The USAGE clause specifies the format of é data item in storage.

Format

DISPLAY
INDEX

COMPUTATIONAL
comp

COMPUTATIONAL-3
COMP-3

COMPUTATIONAL-%
COMP-4 :

L .

The USAGE clause can be specified for an entry at any level.
However, if it is specified at the group level, it applies to
each elementary item in the group. The usage of an elementary
item cannot contradict the usage of a group to which the
elementary item belongs.

The USAGE clause specifies the format in which data is
represented in storage. The format may be restricted if certain
Procedure Division statements are used.

When the USAGE clause is not specified at either the group or
elementary level, it is assumed that the usage is DISPLAY.

USAGE INDEX is discussed in the chapter on Table Handling.
COMPUTATIONAL-1 and COMPUTATIONAL-2 are discussed in Appendix A.

The DISPLAY option can be explicit or implicit. It specifies
that the data item is stored in character form, one character
per eight-bit byte. This corresponds to the form in which
information is represented for initial card input or for printed
or punched output. USAGE IS DISPLAY is valid for the following
types of items:

. Alphabetic

. Alphanumeric

. Alphanumeric edited

. Numeric edited

. External decimal (numeric)

Alphabetic, alpbhanumeric, alphanumeric edited, and numeric
edited items are discussed in the description of the PICTURE
clause.

EXTERNAL DECIMAL ITEMS: These items are sometimes referred to as
zoned decimal items. Each digit of a number is represented by a
single byte. The four high-order bits of each byte are zone
bits; the four high-order bits of the low-order byte represent
the sign of the item. The four low-order bits of each byte
contain the value of the digit. When external decimal items are
used for computations, the compiler performs the necessary
conversions.

The maximum length of an external decimal item is 18 digits.
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The PICTURE character-string of an external decimal item may
contain only 9s, the operational sign symbol S5, the assumed
decimal point V, and one or more Ps.

Examples of external decimal items are shoun in Figure 22.

Note: For ASCII considerations, see Appendix B.

Computational Options

The term "computational”™ refers to the following options of the
USAGE clause:

COMPUTATIONAL or COMP (binary)

{

COMPUTATIONAL-3 or COMP-3 (internal decimal).

IBM Extension

or COMP-4 (binary).

1

(COMPUTATIONAL-4

End of IBM Extension

A computational item represents a value to be used in arithmetic

operations and must be numeric.
described with any of these options,

within the group that have this usage. The group itself is
considered nonnumeric, and cannot be used in numeric operations.

The maximum length of a computational

The PICTURE of a computational item may contain only:

9
S
v
P

(one or more numeric character positions)
{one operational sign)
(one implied decimal point)

(one or more decimal scaling positions)

Examples of computational items are shown in Figure 22.

Data Description

If the USAGE of a group item is
it is the elementary items

item is 18 decimal digits.

95



Numeric PICTURE and USAGE Value Internal Representation¥*
Type and optional SIGN clause
External | PIC S9999 DISPLAY +1234 F1 F2 F3 C4
Decimal -1234 F1 F2 F3 D4
1234 F1 F2 F3 C4
PIC 9999 DISPLAY +1234 F1 F2 F3 F4
-1234 F1 F2 F3 F4
1234 F1 F2 F3 F4
PIC S9999 DISPLAY +1234 C1 F2 F3 F4
SIGN LEADING -1234 D1 F2 F3 F4
PIC S9999 DISPLAY +1234 LE F1 F2 F3 F4
SIGN LEADING SEPARATE -1234 60 F1 F2 F3 F4
PIC S9999 DISPLAY +1234 F1 F2 F3 F4 UE
SIGN TRAILING SEPARATE -1234 F1 F2 F3 F4 60
Binary coMmp +1234 04 D2
PIC S9999 -1234 FB 2E
COMP-4 '
COMP
PIC 9999 +1234 04 D2
COMP-4 -1234 04 D2
Internal | PIC S9999 COMP-3 +1234 01 23 4C
Decimal -1234 01 23 4D
PIC 9999 COMP-3 +1234 01 23 4F
-1234 01 23 4F

*¥*The internal

digits.

Hex. Digit

~NounEwNh O

(Hexadecimal 4E and 60 represent the EBCDIC + and - signs, respectively.)

Bit Configuration

0000
0001
0010
0011
0100
0101
0110
0111

representation of each byte
The bit configuration for each digit is:

is shown as two hexadecimal

Hex. Digit

HEOoQWY oo

Bit Configuration

1000
1001
1010
1011
1100
1101
1110
1111

Note: The leftmost bit of a binary number represents the sign: 0 is

positive, 1 is negative. Negative numbers are shown in twos complement
form.
Figure 22. Internal Representation of Numeric Items

96 IBM VS COBOL for 0S/VS

M ™
) W



VALUE CLAUSE

COMPUTATIONAL Option: This option is specified for binary data
items. Such items have a decimal equivalent consisting of the
decimal digits 0 through 9, plus a sign.

The amount of storage occupied by a binary item depends on the
number of decimal digits defined in its PICTURE clause:

Digits in PICTURE Clause Storage Occupied

1 through % 2 bytes (halfword)
5 through 9 4 bytes (fullword)
10 through 18 8 bytes (2 fullwords—not necessarily

a doubleword)
The leftmost bit of the storage area is the operational siogn.

Note: The COMPUTATIONAL option is system dependent and usually
is assigned to representations that vield the greatest
efficiency when performing arithmetic operations on that system;
for this compiler, the COMPUTATIONAL option is binary.

f IBM Extension 1

COMPUTATIONAL-3 Option: This option is specified for internal
decimal items. Such an item appears in storage in packed
decimal format. There are two digits per byte, with the sign
contained in the rightmost four bits of the rightmost byte.
Such an item may contain any of the digits 0 through 9, plus a
sign, representing a value not exceeding 18 decimal digits.

For internal decimal items whose PICTURE does not contain an §,
the sign position is occupied by a bit configuration that is
interpreted as positive, but that does not represent an
overpunch.

b End of IBM Extension !

[ IBM Extension ]
COMPUTATIONAL-4% Option: This option is specified for
system—-independent binary items. For this compiler, it is the
equivalent of COMPUTATIONAL.

L — End of IBM Extension .

The VALUE clause specifies the initial contents of a data item,
or the value(s) associated with a condition-name.

Format 1
[VALUE IS literall

Format 2
[ VALUE IS ]

[88 condition—-name < >
| VALUES ARE |
L 4
[ THROUGH ]

literal-1 [ < > literal-2]
| THRU ]
L J
literal-3 [ literal-4 1 ... 1.
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Note: Level-number 88 and condition-name are not part of the
Format 2 VALUE clause itself, and are included in the format
only for clarity.

The use of the VALUE clause varies Qith the Data Division
section in which it is specified.

File and Linkage Sections: The VALUE clause must be used only in
condition—-name entries.

Horking-Storage and Communication Sections: The VALUE clause is
used in condition-name entries. It is also used to specify the
initial value of any data item; the item assumes the specified
value at the beginning of program execution. If the initial
value is not explicitly specified, it is unpredictable.

r IBM Extension 1

REPORT SECTION: The VALUE clause is used to specify the constant
value of an elementary report group description entry. Details
are given in the chapter on Report Writer.

L End of IBM Extension .

General Considerations

98

The VALUE clause must not be specified for any item whose length
is variable.

For group entries, the VALUE clause must not be specified if the
entry also contains any of the following clauses: JUSTIFIED,
SYNCHRONIZED, or USAGE (other than USAGE DISPLAY).

The VALUE clause must not conflict with other clauses in the
data description entry, or in the data description of this
entry's hierarchy. The following rules apply:

. Wherever a literal is specified, a figurative constant may
be substituted. .

U If the item is numeric, all VALUE clause literals must be
numeric literals. If the literal defines the value of a
Working—-Storage item, the literal is aligned according to
the rules for numeric moves with one additional restriction:
The literal must not have a value that requires truncation
of nonzero digits. If the literal is signed, the associated
PICTURE character-string must contain a sign symbol (S).

. All numeric literals in a VALUE clause of an item must have
a value that is within the range of values indicated by the
PICTURE clause for that item. For example, for PICTURE
99PPP, the literal must be within the range 1000 through
99000 or zero. For PICTURE PPP99, the literal must be
within the range .00000 through .00099.

. If the item is an elementary or group alphabetic,
alphanumeric, alphanumeric edited, or numeric edited item,
all VALUE clause literals must be nonnumeric literals. The
literal is aligned according to the alignment rules, with
one additional restriction: The number of characters in the
literal must not exceed the size of the item. (See the
section on Standard Alignment Rules.)

. The functions of the editing characters in a PICTURE clause
are ignored in determining the initial appearance of the
item described. However, editing characters are included in
determining the size of the item. Therefore, any editing
characters must be included in the literal. For example, if
the item is defined as PICTURE +999.99 and the value is to
be +12.3%4 then the VALUE clause should be specified as VALUE
*+012.34°".

IBM VS COBOL for 0S/VS
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. A maximum of 65,535 bytes may be initialized by means of a
single VALUE clause.

Format 1 considerations

This format specifies the initial value of a data item in
storage. Initialization is independent of any specified BLANK
WHEN ZERO or JUSTIFIED clause.

A Format 1 VALUE clause must not be specified for an entry that
contains or is subordinate to an entry that contains a REDEFINES
or OCCURS clause.

If the VALUE clause is specified at the group level, the literal
must be a nonnumeric literal or a figurative constant. The
group area is initialized without consideration for the
subordinate entries within this group. In addition, the VALUE
clause must not be specified for subordinate entries within this
group.

Format 2 Considerations

This format associates a value, values, and/or range(s) of
values with a condition-name. Each such condition—-name requires
a separate level-88 entry.

The VALUE clause is required in a condition—name entry, and must
be the only clause in the entry. Each condition-name entry is
associated with a preceding conditional variable. Therefore,
every level-88 entry must always be preceded either by the entry
for the conditional variable, or by another level-88 entry (when
several condition-names apply to one conditional variable).

Each such level-88 entry implicitly has the PICTURE
characteristics of the conditional variable.

Every condition—-name can be qualified by the name of its
associated conditional variable, and by the conditional
variable's qualifiers. If the associated conditional variable
requires subscripts or indexes, each procedural reference to the
condition—-name must be subscripted or indexed as required for
the conditional variable.

When only literal-1 is specified, the condition—-name is
associated with a single value.

When literal-l, literal-3, etc, are specified, the
condition-name is associated with several single values.

When literal-1 THRU literal-2 is specified, the condition—-name
is associated with one range of values.

When literal-1 THRU literal-2 literal-3 THRU literal-4, and so
forth, are specified, the condition-name is associated with more
than one range of values. Literal-1 must be less than
literal-2, literal-3 less than literal-4, and so forth,

Note that one or more single values and one or more ranges of
values may be specified in a single Format 2 VALUE clause.

(The key words THRU and THROUGH are equivalent.)

The type of literal in a condition-name entry must be consistent
with the data type of the conditional variable. In the
following example, CITY-COUNTY-INFO, COUNTY-NO, and CITY are
conditional variables; the associated condition-names
immediately follow the level-number 88. The PICTURE associated
with COUNTY-NO limits the condition—-name value to a 2-digit
numeric literal. The PICTURE associated with CITY limits the
condition—name value to a 3-character nonnumeric literal. Any
values for the condition-names associated with CITY-COUNTY-INFO
cannot exceed 5 characters, and the literal (because this is a
group item) must be nonnumeric:
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RENAMES CLAUSE

05 CITY-COUNTY-INFO.

88 BRONX VALUE "O3NYC". ™
88 BROOKLYN : VALUE "24NYC™,. { s
88 - MANHATTAN - VALUE "31NYC". e
88 QUEENS "VALUE "61NYCY™.
88 < STATEN-ISLAND VALUE "43NYC™,
10 COUNTY-NO PICTURE 99.
88 DUTCHESS VALUE 14.
88 KINGS - VALUE 24%.
88 NEW-YORK VALUE 31.
88 RICHMOND VALUE 43.
10 cITY PICTURE X(3).
88 BUFFALO VALUE "BUF"™,
88 NEW-YORK-CITY VALUE "NYC™.
‘ ‘ 88 POUGHKEEPSIE VALUE "POK"™.
05 POPULATION...
Additional condition—name entry rules are given in the
description of General Format 3 at the beginning of the Data
Description section.
Condition—names are used procedurally in Condition-name
Conditions, which are described in the chapter on Conditional
Expressions.
The RENAMES clause specifies alternative, possibly overlapping,
groupings of elementary data items.
Format
66 data-name-1 RENAMES data—-name=-2
l- LOARUL -! 4 ”‘\\\
THROUGH |
> data-name-31. AN

Note: Level-number 66 and data—-name-1 are not part of the
RENAMES clause itself, and are included in the format only for
clarity.

One or more RENAMES entries can be written for a logical record.
All RENAMES entries associated with one logical record must
immediately follow that record's last data description entry.

data-name~-1: Identifies an alternative grouping of data items.

A level-66 entry cannot rename a level-01, level-77, level-88,
or another level-66 entry.

Data-name-1 cannot be used as a qualifier; it can be qualified
only by the names of level indicator entries or level-01
entries.

. data-name-2 and data-name-3: Identify the original grouping of

elementary data items; that is, they must name elementary or
group items within the associated level-01 entry, and must not
be the same data-name. Both data-names may be qualified.

The OCCURS clause must not be specified in the data entries for
data-name-2 and data-name-3, or for any group entry to which
they are subordinate. Inh addition, the OCCURS DEPENDING ON
clause must not be specified for any item occupving storage
between data-name-2 and data-name-3.
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data-name-2 Option

When data-name-3 is not specified, data-name-2 can be either a
group item or an elementary item. When data-name-2 is a group
item, data-name-1 is treated as a group item. When data-name-2
j: an elementary item, data-name-1 is treated as an elementary
item.

data-name-2 THRU data-name-3 Option

When data-name-3 is specified, data—-name-1 is a group item that
includes all elementary items:

. Starting with data-name-2 (if it is an elementary item) or
the first elementary item within data-name-2 (if it is a
group item), and

. Ending with data-name-3 (if it is an elementary item) or the
last elementary item within data-name-3 (if it is a group
item).

(The key words THRU and THROUGH are equivalent.)
The leftmost character in data-name-3 must not precede that in
data-name-2; the rightmost character in data-name-3 must follow

that in data-name-2. This means that data-name-3 cannot be
subordinate to data—-name-2.

Figure 23 illustrates valid and invalid RENAMES clause
specifications.
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COBOL Specifications
Example 1 (Valid)

01 RECORD-I.
05 DN-1... .
05 DN-2... .
05 DN-3... .
05 DN-4... .
66 DN-6 RENAMES DN-1 THROUGH DN-3.

Example 2 (Valid)

01 RECORD-II.
05 DN~-1.
10 DN-2... .
10 DN-2A... .
05 DN-1A REDEFINES DN-1.
10 DN-3A... . ‘
10 DN-3... .
10 DN-3B... .
05 DN-5... .
66 DN-6 RENAMES DN-2 THROUGH DN-3.

Example 3 (Invalid)

01 RECORD-III.
05 DN-2.
10 DN-3... .
10 DN-4... .
05 DN-5... .
66 DN-6 RENAMES DN-2 THROUGH DN-3.

Example 4 (Invalid)

01 RECORD-IV.
05 DN-1.
10 DN-2A... .
10 DN-2B... .
10 DN-2C REDEFINES DN-2B.
15 DN-2...
15 DN-2D...
05 DN-3... .
66 DN-4 RENAMES DN-1 THROUGH DN-2.

VR
uwwy

Storage Layouts
- RECORD-I >
‘DN=-1 DN-2 DN-3 :DN-4
- . |
- +DN-6 >
- RECORD-II >
- DN-1 >
DN-2 .DN-2A \DN-5
- DN-1A >
DN-3A | DN-3 .DN-3B
j¢—— DN-6 ——n]
— RECORD-IITI >
DN-2 :1
DN-3 DN-4 DN-5
DN-6 is indeterminate AN
N
- RECORD-IV >
- DN-1
DN-2A DN-2B DN-3

DN-2 |'DN-2D
DN-4 is indeterminate

Fiogure 23. RENAMES Clause—Valid and Invalid Specifications

102> IBM VS COBOL for 0S/VS"



PART 6. PROCEDURE DIVISION

PROCEDURE DIVISION ORGANIZATION
ARITHMETIC EXPRESSIONS
CONDITIONAL EXPRESSIONS
CONDITIONAL STATEMENTS
DECLARATIVES

INPUT/0UTPUT STATEMENTS
ARITHMETIC STATEMENTS

DATA MANIPULATION STATEMENTS
PROCEDURE BRANCHING STATEMENTS
COMPILER-DIRECTING STATEMENTS
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PROCEDURE DIVISION ORGANIZATION

DECLARATIVES

PROCEDURES

The Procedure Division is required in every COBOL source
program. The Procedure Division consists of optional
Declaratives, and procedures that contain the sections and/or
paragraphs, sentences, and statements which solve a data
processing problem.

When Declarative sections are specified, they must be grouped at
the beginning of the Procedure Division. Declarative sections
are preceded by the key word DECLARATIVES and followed by the
key words END DECLARATIVES. The chapter on Declaratives gives
additional information.

If Declarative sections are specified, the entire Procedure
Division must be divided into sections.

[ IBM Extension 1

If Declarative sections are specified, the entire Procedure
Division need not be divided into sections.

L End of IBM Extension !

A procedure is a paragraph or group of paragraphs, a section or
a group of sections within the Procedure Division.
procedure-name is a user-defined name that identifies a section
or a paragraph.

A section consists of a section header followed by no, one, or
more than one successive paragraph. A section—header is a
section-name followed by the key word SECTION, followed
optionally by a priority—-number, followed by a period and a
space. (Priority—-numbers are explained in the chapter on the
Segmentation Feature.) A section-name is a user-defined word
that identifies a section. A section-name, since it cannot be
qualified, must be unique. A section ends immediately before
the next section header, or at the end of the Procedure
Division, or, in the Declaratives portion, at the key words END
DECLARATIVES.

A paragraph consists of a paragraph-name followed by a period
followed by a space, followed by no, one, or more than one
successive sentence. A paragraph-hame is a user-defined word
that identifies a paragraph. A paragraph-name, since it can be
qualified, need not be unique. A paragraph ends immediately
before the next paragraph-name or section header, or at the end
of the Procedure Division, or, in the Declaratives portion, at
the key words END DECLARATIVES. If one paragraph in a program
is contained within a section, then all paragraphs must be
contained in sections.

A sentence consists of one or more statements terminated by a
period followed by a space.

A statement is a syntactically valid combination of words
(identifiers, figurative constants, and so forth) and symbols
(literals, relational-operators, and so forth) beginning with a
COBOL verb.

An identifier consists of the word or words necessary to make
unique reference to a data item, through qualification,
subscripting, or indexing. In any Procedure Division reference
(except the class test), the contents of an identifier must be
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- compatible with the class specified through its PICTURE clause,
or results are unpredictable.

Note: A level-88 (condition-name) entry, because it is not a
data item, cannot be an identifier; the associated conditional
variable, however, can be an identifier.

Execution begins with the first statement in the Procedure
Division, excluding Declaratives. Statements are executed in
the order in.which they are presented for compilation, unless
the rules indicate some other order. The end of the Procedure
Division and the physical end of the program is that physical
position in a source program after which no further procedures
appear.

PROCEDURE DIVISION STRUCTURE

The structure of the Procedure Division is shown in the
following format.

Format 1
PROCEDURE DIVISION [USING identifier-1 [identifier-21 ...1

[DECLARATIVES

USE sentence.

[paragraph name. [sentence] O R S
END DECLARATIVE.]

{section-name SECTION [priority- number]
[paragraph—-name. [sentencel ... ] Yy ...

Format 2
PROCEDURE DIVISION [USING identifier-1l [identifier-21...1.

{paragraph-name. [sentencel ... } ...

CATEGORIES OF STATEMENTS

Three categories of statements are used in COBOL: conditional
statements, imperative statements, and compiler-directing
statements.

A conditional statement specifies that the truth value of a
condition is to be determined, and that the subsequent action of
the object program is dependent on this truth value. (See the
chapter on Conditions.) Figure 24 lists COBOL conditional
statements.
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Decision

IF

Arithmetic

ADD...ON SIZE ERROR
COMPUTE...ON SIZE ERROR
DIVIDE...ON SIZE ERROR
MULTIPLY...ON SIZE ERROR
SUBTRACT...ON SIZE ERROR
‘Data Movement

STRING...ON OVERFLOW
UNSTRING...ON OVERFLOW

Subprogram Linkage
‘CALL...ON OVERFLOW
ordering
RETURN...AT END

Figure 2%4. Conditional Statements and Their Categories

Input/output

DELETE...INVALID KEY
READ...AT END
READ...INVALID KEY
RESERVE...NO DATA KEY
REWRITE...INVALID KEY
START...INVALID KEY
WRITE...,AT END-OF-PAGE
WRITE...INVALID KEY

Procedure Branching
CALL...ON OVERFLOW

Table Handling
SEARCH

An imperative statement specifies that an unconditional action
is to be taken by the object program.
may also consist of a series of imperative statements.

Figure 25 lists COBOL imperative statements.

IBM VS COBOL for 0S/VS

An imperative statement

S



O

Arithmetic

ADD!

COMPUTE!?

DIVIDE!?

INSPECT (TALLYING)
MULTIPLY!
SUBTRACT!

Data Movement

ACCEPT (DATE,DAY,TIME)
ACCEPT...MESSAGE COUNT?
INSPECT (REPLACING)
MOVE
STRING?S
TRANSFORM

UNSTRING?®

Ending

STOP RUN
EXIT PROGRAM?

GOBACK?

subprogram Linkage?

CALL3
CANCEL

ENTRY

N U NN e

Input/output

ACCEPT identifier
CLOSE
DELETE?
DISABLE?
DISPLAY
ENABLE?

OPEN

READS
RECEIVE% 7
REWRITE?
SEND?

START?

STOP literal
WRITE®

Ordering®

MERGE
RELEASE
SORT

Without the SIZE ERROR option

Without the INVALID KEY option

Without the ON OVERFLOW option

Without the NO DATA option

Without the AT END or INVALID KEY options
Without the INVALID KEY or END-OF-PAGE options

Discussed in separate chapters of the Special Features Section

Procedure Branching

ALTER
CALLS 7
EXIT

GO
PERFORM

Report HWriter?

GENERATE
INITIATE
TERMINATE

Table Handling?
SET

Figure 25. Imperative Statements and Their Categories
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A compiler-directing statement causes the compiler to take a
specific action during compilation.

D

Figure 26 lists the COBOL compiler-directing statements. i%/j
Libraryl Declarative2 Documentation

COPY USE ENTER

BASIS

INSERT

DELETE

!l Discussed in the Source Program Library chapter

2 Discussed in the Procedure Division, Debugging Features, and

Report Writer| chapters

Figure 26. Compiler-Directing Statements and Their Categories

CATEGORIES OF SENTENCES

108

There are three categories of sentences: conditional,
imperative, and compiler-directing sentences.

A conditional sentence is a conditional statement, optionally
preceded by an imperative statement, terminated by a period
followed by a space.

An imperative sentence is an imperative statement (which may L
consist of a series of imperative statements) followed by a o
period followed by a space.

A compiler-directing sentence is a single compiler-directing
statement followed by a period followed by a space.
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ARITHMETIC OPERATORS

ARITHMETIC EXPRESSIONS

Arithmetic expressions are used as operands of certain
conditional and arithmetic statements.

An arithmetic expression may consist of any of the following:
1. An identifier described as a numeric elementary item
2. A numeric literal

3. Identifiers and literals, as defined in items 1 and 2,
separated by arithmetic operators

4. Two arithmetic expressions, as defined in items 1, 2, and/or
3, separated by an arithmetic operator

5. An arithmetic expression, as defined in items 1, 2, 3,
and/or 4, enclosed in parentheses

Any arithmetic expression may be preceded by a unary operator.
Identifiers and literals appearing in an arithmetic expression

must represent either numeric elementary items or numeric
literals on which arithmetic can be performed.

Five binary arithmetic operators and two unary arithmetic
operators may be used in arithmetic expressions as shown in
Figure 27. They are represented by specific characters that
must be both preceded and followed by a space.

Binary .

Operator Meaning

+ Addition

- Subtraction

* Multiplication

/ Division

%% Exponentiation

Unary .

Operator Meaning

+ Multiplication
by + 1

- Multiplication
by - 1

Figure 27. Binary and Unary Operators

Parentheses may be used in arithmetic expressions to specify the
order in which elements are to be evaluated.

Expressions within parentheses are evaluated first. When
expressions are contained within a nest of parentheses,
evaluation proceeds from the least inclusive to the most
inclusive set.
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When parentheses are not used, or parenthesized expressions are
at the same level of inclusiveness, the following hierarchic
order is implied:

1. Unary operator

2. Exponentiation

3. Multiplication and Division
4. Addition and Subtraction

Parentheses either eliminate ambiguities in logic where
consecutive operations appear at the same hierarchic level or
modify the normal hierarchic sequence of execution when this is
necessary. When the order of consecutive operations at the same
hierarchic level is not completely specified by parentheses, the
order is from left to right.

Figure 28 shows permissible arithmetic symbol pairs. An
arithmetic symbol pair is the appearance of tuwo such symbols in
sequence.

An arithmetic expression may begin only with a left parenthesis,
a unary operator, or a variable (that is, an identifier or a
literal). It may end only with a right parenthesis or a
variable. An arithmetic expression must contain at least one
reference to an identifier or a literal.

There must be a one-to-one correspondence between left and right
parentheses in an arithmetic expression, with each left
parenthesis placed to the left of its corresponding right
parenthesis.

second | Variable % / %% + - | unary + ( ) o
Symbol (identifier unary - “_

First \

Symhol

Variable - ) - - p

(identifier or

literal)

*/¥X+— p Ld [ p -

unary + or P - - P -

unary -

( P - P P 1

Figure 28. Valid Arithmetic Symbol Pairs
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CONDITIONAL EXPRESSIONS

SIMPLE CONDITIONS

CLASS CONDITION

A conditional expression causes the object program to select
alternative paths of control, depending on the truth value of a
test. Conditional expressions are specified in IF, PERFORM, and
SEARCH statements. A conditional expression can be specified in
both simple and complex conditions. Both simple and complex
conditions can be enclosed within any number of paired
parentheses; this does not change the category of the condition.

There are five simple conditions: class, condition—-name,
relation, sign, and switch-status condition. A simple condition
has a truth value of true or false. When a simple condition is
enclosed in paired parentheses, its truth value is not changed.

The class condition determines whether a data item is alphabetic
or numeric.

Format

NUMERIC |
>
|

identifier IS [NOTY <
L ALPHABETIC

The identifier being tested must be described implicitly or
explicitly as USAGE DISPLAY.

T IBM Extension 1

However, this IBM implementation allows the identifier being
tested to be described as USAGE COMPUTATIONAL-3.

L End of IBM Extension d

The identifier being tested is determined to be numeric only if
the contents consist of any combination of the digits 0 through
9 . . N

If its PICTURE does not contain an operational sign, the
identifier being tested is determined to be numeric only if the
contents are numeric and an operational sign is not present.

If its PICTURE does contain an operational sign, the identifier
being tested is determined to be numeric only if the item is an
elementary item, the contents are numeric, and a valid
operational sign is present.

In the EBCDIC collating sequence, valid embedded operational
signs are hexadecimal A, B, C, D, E, and F; for items described
with the SIGN IS SEPARATE clause, valid operational signs are +
(hexadecimal 4E) and - (hexadecimal 60).

The NUMERIC test cannot be used with an identifier described as

alphabetic or as a group item that contains one or more signed
elementary items.
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r IBM Extension

This implementation allows use of a group item whose
subordinates are signed. .

e End of IBM Extension

The identifier being tested is determined to be alphabetic only
it the contents consist of any combination of the alphabetic
characters A through Z and the space.

The ALPHABETIC test cannot be used with an identifier described
as numeric.

Figure 29 shouws valid forms of the class test.

Type of Identifier valid Forms of the Class Test
Alphabetic -|ALPHABETIC NOT ALPHABETIC
Alphanumeric, ALPHABETIC NOT ALPHABETIC
Alphanumeric Edited, NUMERIC NOT NUMERIC

or Numeric Edited

External-Decimal or NUMERIC NOT NUMERIC
Internal-Decimal

Figure 29. Valid Forms of the Class Test

CONDITION-NAME CONDITION

A condition—-name condition causes a conditional variable to be
tested to determine if its value is equal to (any of) the
value(s) associated with the condition—-name.

Format
condition-name

A condition—-name is used in conditions as an abbreviation for
the relation condition. The rules for comparing a conditional
variable with a condition name value are the same as those
specified for relation conditions.

If the condition-name is associated with a range of values (or
with several ranges of values), the conditional variable is
tested to determine whether or not its value falls within the
range(s), including the end values. The result of the test is
true if one of the values corresponding to the condition-name
equals the value of its associated conditional variable.

The following example illustrates the usage of condition-names
and conditional variables:

02 GRADE-ID PIC 99.

88 PRIMARY-OTHER VALUE 1 THRU. 3, 5, 6.
83 PRIMARY~-FOUR VALUE 4.

88 JUNIOR-HI VALUE 7 THRU 9.

88 SENIOR-HI VALUE 10 THRU 12.
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RELATION CONDITION

GRADE-ID is the conditional variable; PRIMARY-OTHER,
PRIMARY-FOUR, JUNIOR-HI, and SENIOR-HI are condition-names. For
individual records in the file, only one of the values specified
in the condition—-name entries can be present. To determine the
grgdg level of a specific record, any of the following can be
coded:

IF PRIMARY-OTHER..
IF PRIMARY-FOUR...
IF JUNIOR-HI...
IF SENIOR-HI..

.(which tests for values 1, 2, 3, 5, 6.)
(which tests for value &.)

(which tests for values 7, 8, 9.)
(which tests for values 10, 11, 12.)

Depending on the evaluation of the condition-name condition,
alternative paths of execution are taken by the object program.

A relation condition causes a comparison between two operands,
either of which may be an identifier, a literal, or an
arithmetic expression.

AL TO

Format
lf GREATER THAN 1|
>
operand-1 IS [NOT] T LESS THAN T operand-2
<
| |
] |
L 4

Operand-1 is the subject of the relation condition; operand-2 is
the object of the relation condition.

Operand-1 and operand-2 may each be an identifier, a literalf or
an arithmetic expression. The relation condition must contain
at least one reference to an identifier.

Except when two numeric operands are compared, operand-1 and
operand-2 must have the same USAGE.

The relational operator specifies the type of comparison to be
made. Figure 30 shows relational operators and their meanings.
Each relational operator must be preceded and followed by a
space.

Relational-Operator Meaning

ISINOTIGREATER THAN Greater than or not greater than
ISINOT 1>

ISINOTILESS THAN Less than or not less than
ISINOTI<

ISENOT}EQUAL T0 Equal to or not equal to

i) Tl=

Figure 30. Relational Operators and Their Meanings

Detailed rules for numeric and nonnumeric comparisons are given
in the following paragraphs. If either of the operands is a
group item, nonnumeric comparison rules apply. Figure 31
summarizes the permissible comparisons.
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First Operand

Second Operand

8
| NUMERIC OPERANDS 'y
IR&  lep| B

NONNUMERIC OPERANDS
GR AL AN ANE NE

FC(1)
& NNL

NONNUMERIC OPERANDS

NL

Group (GR)
Alphabetic (AL)
Alphanumeric (AN)

Numeric Edited (NE)

Alphanumeric Edited (ANE)

NN NN - NN NN

Figurative Constant (1)
(FC) and Nonnumeric
Literal (NNL)

NN NN

NUMERIC OPERANDS

and Numeric Literal (NL)

Figurative Constant ZERO (ZR)

NN NU

External Decimal (ED)

NN NN NU NU

Binary (BI)

|Internal Decimal (ID) |

Arithmetic Expression (AE) -

NU

NU NU

NN = comparison as described for nonnumeric operands
NU = comparison as described for numeric operands
blank = comparison is not allowed

(1) = FC includes all figurative constants except ZERO

Figure 31. Permissible Numeric and Nonnumeric Comparisons - TN

comparison of Numeric Operands

. For numeric class operands, their algebraic values are compared.

The length (number of digits) of the operands is not
significant. '

Zero is considered a unique value, regardless of sign.
Unsigned numeric operands are considered positive.

Regardless of their USAGE,
permitted.

comparison of numeric operands is

comparison of Nonnumeric Operands

Comparison of nonnumeric operands, or of one numeric and one
nonnumeric operand, is made with respect to the binary collating
sequence of the character set in use.

For the EBCDIC character set, the EBCDIC collating sequence is
used. For the ASCII character set, the ASCII collating sequence
is used. (Appendix H gives both complete collating sequences.)
When the PROGRAM COLLATING SEQUENCE clause is specified in the
OBJECT-COMPUTER paragraph, the collating sequence associated .
witg the alphabet-name clause in the SPECIAL-NAMES paragraph is
used.

G
\ ;W
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SIGN CONDITION

When a nonnumeric and a numeric operand are compared, the
following rules apply:

. If the nonnumeric operand is a literal or an elementary data
item, the numeric operand is treated as though it were moved
to an alphanumeric elementary data item of the same size,
and the contents of this alphanumeric data item were then
compared with the nonnumeric operand.

. If the nonnumeric operand is a group item, the numeric
operand is treated as though it were moved to a group item
of the same size, and the contents of this group item were
then compared with the nonnumeric operand.

(See the rules for the MOVE statement for alphanumeric and group
move operations.)

Numeric and nonnumeric operands may be compared only when their
USAGE, explicitly or implicitly, is the same. In such
comparisons, the numeric operand must be described as an integer
literal or data item; noninteger literals and data items must
not be compared with nonnumeric operands.

The size of each operand is the total number of characters in
that operand; the size affects the result of the comparison.
There are two cases to consider: operands of equal size, and
operands of unequal size.

OPERANDS OF EQUAL SIZE: Characters in corresponding positions of
the two operands are compared, beginning with the leftmost
character and continuing through the rightmost character.

If all pairs of characters through the last pair test as equal,
the operands are considered as equal. .

If a pair of unequal characters is encountered, the characters
are tested to determine their relative positions in the
¢collating sequence. The operand containing the character higher
in the sequence is considered the greater operand.

OPERANDS OF UNEQUAL SIZE: If the operands are of unequal size,
the comparison is made as though the shorter operand were
extended to the right with enough spaces to make the operands
equal in size.

Note: Valid comparisons for index-names and index data items
are given in the chapter on Table Handling.

The sign condition determines whether or not the algebraic value
of a numeric operand is less than, greater than, or equal to
zero.

Format
r POSITIVE 1
operand IS [NOTI < NEGATIVE >
| ZEro |

The operand‘being tested must be defined as a numeric
identifier, or it must be defined as an arithmetic expression
that contains at least one reference to an identifier.

The operand is POSITIVE if its value is greater than =zero,
NEGATIVE if its value is less than zero, and ZERO if its value
is equal to zero.

An unsigned operand is POSITIVE or ZERO.
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When NOT is specified, one algebraic test is executed for the
truth value of the sign condition; for example, NOT ZERO is Ty,
regarded as true when the operand tested is positive or negative di;l
in value. : . -

SHITCH-STATUS CONDITION

COMPLEX CONDITIONS

The switch-status condition determines the on or off status of
an UPSI switch.

Format
condition—-name

The condition-name must be defined in the SPECIAL-NAMES
paragraph as associated with the ON or OFF value of an UPSI
switch. (See the description of the SPECIAL-NAMES paragraph in
the Environment Division chapter.)

The switch-status condition tests the value associated with the
condition-name. (The value associated with the condition—-name
is considered to be alphanumeric.) The result of the test is
true if the UPSI suwitch is set to the position corresponding to
condition—name.

A complex condition is formed by combining simple conditions,
combined conditions, and/or complex conditions with logical
connectives, or negating these conditions with logical negation.

The logical connectives used, and their meanings, are shouwn in
Figure 32.

.

“ -

togical Connective Meaning

AND Logical conjunction; that is, the truth
value is true when both conditions
are true.

OR Logical inclusive OR; that is, the truth
value is true when either or both
- conditions are true.

NOT Logical negation; that is, reversal of
truth value (the truth value is true if
the condition is false).

Figure 32. Logical Connectives and Their Meanings

Each logical operator must be preceded and followed by a space.

The truth value of a complex condition, whether parenthesized or
not, is the truth value that results from the interaction of all
the stated logical operators on the individual truth values of
simple conditions, or the intermediate truth values of
conditions logically combined or logically negated.

A complex condition can be a negated simple condition or a
combined condition (which can be negated).
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NEGATED SIMPLE CONDITIONS

A simple condition is negated through the use of the logical
operator NOT.

Format

NOT simple-condition

The simple-condition to be negated can be a class condition, a
condition—-name condition, a relation condition, a sign
condition, or a switch-status condition. The simple-condition
may not be negated if the condition itself contains a NOT.

The negated simple-condition gives the opposite truth value as
the simple condition. That is, if the truth value of the
simple-condition is true, then the truth value of that same
negated simple-condition is false.

Placing a negated simple-condition within parentheses does not
change its truth value. That is, the following two statements
are equivalent:

NOT A IS EQUAL TO B.

NOT (A IS EQUAL TO B).

COMBINED CONDITIONS

Two or more conditions can be logically connected to form a
combined condition.

Format

w condition

The condition to be combined may be any of the following:

a-d

N

condition

o]

r—— A —

e\ —md

. A simple-condition
. A negated simple-condition
. A combined condition

L4 A negated combined condition (that is, the NOT logical
operator followed by a combined condition enclosed in
parentheses)

J Combinations of the preceding conditions, specified
according to the rules given in Figure 33
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Pen'nissible' Position in Combined Condition

)

Leftmost When not leftmost may When not rightmost may
Combined Condition be immediately preceded be immediately followed
Element by: by: Rightmost
simple-condition yes OR OR yes
NOT AND
AND )
(
OR no simple-condition simple-condition no
AND ) NOT
(
NOT yes OR simple-condition no
AND (
(
( yes OR simple-condition no
NOT NOT
AND (
(
) no simple-condition OR yes
) AND

Figure 33. Combined

Conditions—Permissible Element Sequences

Parentheses are never needed when either AND or OR (but not

both)

is used exclusively in one combined condition.

However,

parentheses may be needed to find a final truth value when a

combination of AND,

OR, and NOT

is used.

Figure 33 summarizes

the way in which conditions and logical operators can be
combined and parenthesized.

There must be a one-to-one correspondence between left and right
parentheses, with each left parenthesis to the left of its
corresponding right parenthesis.

Figure 3%

illustrates the relationships between logical

operators and conditions Cl and C2 (where Cl and C2 are any
conditions as defined above).

Values Values
For C1 For C2
True True
False True
True False
False False

Cl AND C2 C1 OR C2

True

False
False
False

NOT NOT

(C1 AND €2) C1l AND C2
True False False
True True True
True True False
False True False

NOT
{(Cl1 OR C2)

False
False
False
True

NOT
Cl OR €2
True
True

False
True

Figure 34. Logical Operators and Evaluation Results of Combined Conditions
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Evaluation Rules—cCombined Conditions

If parentheses are used, logical evaluation of combined
conditions proceeds in the following order:

1. Conditions within parentheses are evaluated first.

2. MWithin nested parentheses, evaluation proceeds from the
least inclusive condition to the most inclusive condition.

If parentheses are not used (or are not at the same level of
inclusiveness), the combined condition is evaluated in the
following order:
1. Arithmetic expressions
2. Simple-conditions in the following order:

a. Relation

b. Class

c. Condition—-name

d. Switch-status

e. Sign
3. Negated simple-conditions in the same order as 2 above
4. Combined conditions, in the following order:

a. AND

b. OR
5. Negated combined conditions in the same order as 4 above

6. Consecutive operands at the same evaluation-order level are
evaluated from left to right

For example:

NOT A IS GREATER THAN B OR A + B IS EQUAL TO C AND D IS
POSITIVE

is evaluated as if parenthesized as follouws:

(NOT (A IS GREATER THAN B)) OR (C((A+B) IS EQUAL TO C) AND (D IS
POSITIVE))

The order of evaluation is as follouws:
1. (A+B) is evaluated, giving some intermediate result, x.

2. (5’15 EQUAL TO C) is evaluated, giving some intermediate
truth value, tl.

3. (D IS POSITIVE) is evaluated, giving some intermediate truth
value, t3.

4. (NOT (A IS GREATER THAN B)) is evaluated, giving some
intermediate truth value, t2.

5. t1 AND t3 is evaluated, giving some intermediate truth
value, t4.

6. t2 OR t4 is evaluated, giving the final truth value, and the
result of the combined condition.
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ABBREVIATED COMBINED RELATION CONDITIONS

When relation-conditions are written consecutively, any
relation-condition after the first can be abbreviated by:

. Omission of the subject, or

. Omission of the subject and relational operator.

Format
[ [ GREATER THAN 1 ]
[ anp | [>
relation-condition T T T [NOT] | LESS THAN { object T .
_Q__ <
l L 4 ! EQUAL TO l J
L J

In any consecutive sequence of relation-conditions, both forms
of abbreviation can be specified. The abbreviated condition is
evaluated as if:

1. The last stated subject is the missing subject.

2. The last stated relational operator is the missing
relational operator.

3. The resulting combined condition must comply with the rules
for element sequence in combined conditions, as shown in
Figure 33.

4, The word NOT is considered part of the relational operator
in the forms NOT GREATER THAN, NOT >, NOT LESS THAN, NOT <,
NOT EQUAL T0, and NOT =.

5. NOT in any other position is considered a logical operator
(and consequently results in a negated relation-condition).

Note: The rules for abbreviated combined relation-conditions as
previously implemented are given in Appendix A.

Figure 35 shows examples of abbreviated combined
relation-conditions and their nonabbreviated equivalents.

Abbreviated comhined
Relation-Condition

A = B AND NOT LESS THAN C OR D

A NOT GREATER THAN B OR C

NOT A =B OR C
NOT (A = B OR LESS THAN ©)
NOT (A NOT = B AND C AND NOT D)

Nonabbreviated Equivalent

((A = B) AND (A NOT LESS THAN C)) OR (A NOT
LESS THAN D)

(A NOT GREATER THAN B) OR (A NOT GREATER
THAN ©)

(NOT (A B)) OR (A = ©)
NOT C(CA B) OR (A LESS THAN C))

NOT (CCCA NOT = B) AND (A NOT = C)) AND
(NOT (A NOT = D))))

u

Figure 35. Abbreviated Combined Relation-Condition Equivalents
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CONDITIONAL STATEMENTS

IF STATEMENT

A conditional statement specifies that a truth value of a
condition is to be determined, and that the subsequent action of
the object program depends on this truth value. Figure 24 on
page 106 gives a list of the conditional statements.

Only the IF statement is discussed in this chapter; the other
conditional statements are discussed in conjunction with their
associated imperative statements, or in the ‘chapters on special
features.

The IF statement causes a condition to be evaluated, and
provides for alternative actions in the object program,
depending on that truth value.

Format

F condition

[ statement-1 1 [ ELSE statement-2 ]
[
J L

< >
L NEXT SENTENCE ELSE NEXT SENTENCE j

The ELSE NEXT SENTENCE phrase may be omitted if it immediately
precedes the period that ends the conditional sentence.

The condition may be any simple or complex condition as
described in the Conditional Expressions chapter.

Statement-1 or statement-2 can be any one of the following:

. An imperative statement

. A conditibnal statement

. An imperative statement followed by a conditional statement

If the condition tested is true, one of the following actions
takes place:

1. Statement-1, if specified, is executed. If statement-1l
contains a procedure branching statement, control is
transferred according to the rules for that statement. If
statement-1 does not contain a procedure-branching
statement, the ELSE phrase, if specified, is ignored, and
control passes to the next executable sentence.

‘2. NEXT SENTENCE, if specified, is executed; that is, the ELSE

phrase, if specified, is ignored, and control passes to the
next executable sentence.

If the condition tested is false, one of the following actions
takes place:

1. ELSE statement-2, if specified, is executed. If statement-2
contains a procedure-branching statement, control is
transferred according to the rules for that statement. If .
statement-2 does not contain a procedure-branching
statement, control is passed to the next executable
sentence.

2. ELSE NEXT SENTENCE, if specified, is executed; that is,

statement-1, if specified, is ignored, and control passes to
the next executable sentence.
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Nested IF Statements

122

3. If ELSE NEXT SENTENCE is omitted, control passes to the next
executable sentence.

Note: UWhen ELSE NEXT SENTENCE .is omitted, all statements
following the condition and preceding the period for the
sentence are considered to be part of statement-1.

The presence of one or more IF statements within the initial IF
statement constitutes a "nested IF statement."

Statement-1 and statement-2 in IF statements mayv consist of one
or more imperative statements and/or a conditional statement.
If an IF statement appears as statement-1 or statement-2 or as
part of statement-l or statement-2, it is said to be nested.
Nesting statements is much like specufytng subordinate
arithmetic expressions enclosed in parentheses and combined in
larger arithmetic expressions.

IF statements contained within IF statements must be considered
as paired IF and ELSE combinations, proceeding from left to
right. Therefore, any ELSE encountered must be considered to
apply to the immediately preceding IF that has not already
paired with an ELSE.

Figure 36 shows the logical evaluation for the following nested
IF statement:

IF condition-1 statement-1-1
IF condition-2
IF condition-3 statement-3-1
ELSE statement-3-2
ELSE statement-2-2
IF condition-%
IF condition-5 statement-5-1
ELSE statement-5-2.
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07 IF condition-1

statement-1-1-= statement-1 for IF condition-le—m————

IF condition-2

IF condition-3-= statement-1 for IF condition-2
statement-3-1-e— statement-1 for IF condition-3
ELSE statement-3-2 -— statement-2 for IF condition-3«——-
ELSE statement-2-2 = statement-2 for IF condition-2 ——

IF condition-4

IF condition-5-= statement-1 for IF condition-i4
statement-5-1= statement-1 for IF condition-=5
ELSE statement-5-2.- statement-2 for IF condition-5

Next executable statement

Note: If either condition-1 or condition-4 is false, the next sentence is executed,

since neither condition has an ELSE.

‘::m Figure 36. Nested IF Statement Evaluation
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Figure 37 shows possible true/false combinations for the same
example.

C

true

IF | condition-1}| statement-1-1

_false
true
I% condition-2
false :
true
IF Jcondition-3| statement-3-1

false

t————> ELSE statement-3-2
ft—

‘> EL.SE statement-2-2

[——J true

IF condition-4

false

true
v

IF {condition-5| statement-5-1

Y

PN

v

false

——» ELSE statement-5-2.

A

» Next sentence in COBOL source program-e

Figure 37. Nested IF Statement—True/False Combinations

Figure 38 is a flowchart for the same example.
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"IF" EXECUTION BEGINS

statement-1

condition- condition-3

statement~3-2 statement-3-1

statement-2-2 >
N\

IF

'TRUE
condition~U4

FALSE

condition~5

statement~5-2 statement-5-1
NEXT
SENTENCE

Figure 38. Nested IF Statement——Flowchart

C
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DECLARATIVES

The Declaratives section provides a method of invoking
procedures that are executed when an exceptional condition
occurs that cannot usually be tested by the COBOL programmer.

Format
PROCEDURE DIVISION [USING identifier-1 [identifier-2] ...1].

DECLARATIVES.
{section-name SECTION [priority-numberl]. USE sentence.

[paragraph-name. [sentence.l ...1 ...} ...
END DECLARATIVES.

Declarative procedures are provided for the processing of
exceptional input/output conditions and debugging procedures.

T IBM Extension 1

Declarative procedures are also provided for Report Writer
report groups.

L End of IBM Extension i

Declarative procedures are written at the beginning of the
Procedure Division in a series of Declarative sections. Each
such section starts with a USE sentence that identifies this
section's function; the series of procedures that follow specify
what actions are to be taken when the exceptional condition
occurs. Each Declarative section ends with the occurrence of
another section-name followed by a USE sentence, or with the key
words END DECLARATIVES.

The entire group of Declarative procedures is preceded by the
key word DECLARATIVES, written on the next line after the
Procedure Division header; the group is followed by the key
words END DECLARATIVES. The key words DECLARATIVES and END
DECLARATIVES must each begin in Area A and be followed by a
period. No other text may appear on the same line.

In the Declaratives portion of the Procedure Division, each
section header (with an optional priority number) must be
followed by a period and a space, and must be followed by a USE
sentence followed by a period and a space. No other text may
appear on the same line. There are three forms of the USE
sentence:? ) )

USE AFTER EXCEPTION/ERROR

I IBM Extension y
USE BEFORE REPORTING (see chapter on Report Writer)

L End of IBM Extension !
USE FOR DEBUGGING (see chapter on Debugging)

The USE sentence itself is never executed; instead, the USE
sentence defines the conditions that will cause execution of the
immediately following procedural paragraphs, which specify the
actions to be taken. After the procedure is executed, control
is returned to the routine that activated it.

Within a Declarative procedure, except for the USE statement
itself, there must be no reference to any nondeclarative
procedure. ‘ -
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Within a Declarative procedure, no statement may be executed
that would cause execution of a USE procedure that had been

m previously invoked and had not yet returned control to the
invoking routine.

An exit from a Declarative procedure is effected by executing
the last statement in the procedure.

In this chapter, only the USE AFTER EXCEPTION/ERROR procedure is
described.

f IBM Extension 1

The USE BEFORE REPORTING Declarative procedure is described in
the chapter on the Report Writer feature.

L End of IBM Extension }

EXCEPTION/ERROR DECLARATIVE
The EXCEPTION/ERROR Declarative specifies procedures for

input/output exception or error handling that are to be executed
in addition to the standard system procedures.

Format

section-name SECTION [priority-numberl.

[ EXCEPTION ]

USE AFTER STANDARD < > PROCEDURE
| ERROR J
L
@) I- file~-name-1 [file-name-2] ... ]
| INPUT
ON < QUTPUT >
| I-0 !
| EXTEND
L J

Note: The section-name SECTION and priority-number are not part
of the USE sentence itself and are only included in the format
for clarity.

The words EXCEPTION and ERROR are synonymous and may be used
interchangeably.

File-Name Option

This option is valid for physical sequential and VSAM files.

When this option is specified, the procedure is executed only
for the file(s) named. No file-name can refer to a sort or
merge file. For any given file, only one EXCEPTION/ERROR
procedure may be specified; thus, file-name specification must
not cause simultaneous redquests for execution of more than one
EXCEPTION/ERROR procedure. For example, if an input file is
specifically named in one EXCEPTION/ERROR procedure, there must
not also be an EXCEPTION/ERROR procedure for all INPUT files—if¥f
both were specified, then, when an error occurred involving this
input file, there would be simultaneous requests for the
execution of both procedures.

INPUT Option

This option is valid for physical sequential and VSAM files.
When this option is specified, the procedure is executed for all
‘:‘W files opened in INPUT mode.
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OUTPUT Option _
This option is valid for physical sequential and VSAM files. 1 Y
When this option is specified, the procedure is executed for all
files opened in OQUTPUT mode.
I-0 Option
This option is valid for direct access storage physical
sequential and VSAM files. MWhen this option is specified, the
procedure is executed for all files opened in I-0 mode.

EXTEND Option

This option is valid for physical sequential and VS5AM sequential
files.

I IBM Extension 1

This option is also valid for sequentially accessed VSAM indexed
files.

L End of IBM Extension 4

When this option is specified, the procedure is executed for all
files opened in EXTEND mode.

General Considerations
The EXCEPTION/ERROR procedure is éxecutedt

. Either aftaer completing the standard system input/output
error routine, or

L4 Upon recognition of an INVALID KEY or AT END condition when QMJV
an INVALID KEY or AT END option has not been specified in -
the input/output statement, or

. Upon recognition of an IBM-defined condition that causes
status key 1 to be set to 9. (See the description of status
keys in the "Common Processing Facilities"™ section.)

After execution of the EXCEPTION/ERROR procedure, control is
returned to the invoking routine.

The EXCEPTION/ERROR procedures are activated when an
input/output error occurs during execution of a READ, WRITE,
REWRITE, START, or DELETE statement.

If an OPEN statement is issued for a file already in the open
status, the EXCEPTION/ERROR procedures are activated; when the
execution of an OPEN statement is unsuccessful because of any
other reason, the EXCEPTION/ERROR procedures are not activated.

If a file is in the OPEN status, and the execution of a CLOSE
statement is unsuccessful, the EXCEPTION/ERROR procedures are
activated. If the file is in a closed status and a CLOSE
statement is issued, the EXCEPTION/ERROR procedures are not
activated. o

Within a Declarative procedure, there must be no reference to
any nondeclarative procedure. 'In the nondeclarative portion of
the program, there must be no reference to procedure-names that
appear in an EXCEPTION/ERROR Declarative procedure, except that
PERFORM statements may refer to an EXCEPTION/ERROR procedure or
to procedures associated with it.

may be executed that would cause execution of a USE procedure
that had been previously invoked and had not yet returned
control to the invoking routine.

Within ah'EXCEPTION/ERROR Declarative procedure, no statement M:wh
w4
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Programming Notes

EXCEPTION/ERROR procedures can be used to check the status key
values whenever an input/output error occurs.

Care should be used in specifying EXCEPTION/ERROR procedures for
any file. The following notes apply:

1. At initial OPEN time for any file, the current Declarative
has not yet been established by the object program.

2. Therefore, if a file is closed that has never been opened,
no Declarative can receive control.

3. However, if this file has been previously opened, the last
previously established Declarative procedure receives
control. :

For example: An OPEN OUTPUT statement establishes a
Declarative procedure for this file, and the file is then
closed without error. During later processing, if a logic
arror occurs, control will go to the Declarative procedure
established when the file was opened for OUTPUT.
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COBOL input/output statements transfer data to and from files
stored on external media, and also control low-volume data that
is obtained from or sent to such ‘nput/output daevices as the
card reader or the console typewriter.

In COBOL, the unit of data made available to the program is a
record, and the COBOL programmer need only be concerned with
such records. Provision is automatically made for such
operations as the movement of data into buffers and/or internal
storage, validity checking, error correction (where feasible),
unblocking and blocking, and volume switching procedures.

The description of the file in the Environment Division and Data
Division governs which input/output statements are allowed in
the Procedure Division. Required and optional entries for each
type of file organization are shown in Figure 39 (sequential
files), Figure 40 (VSAM indexed files), and Figure 41 (VSAM
relative files).

Discussions in this section use the terms volume and reel. The
term volume refers to all input/output devices. The term reel
applies only to tape devices. Treatment of direct access
storage devices in the sequential access mode is logically
equivalent to the treatment of tape devices.

There are several common processing facilities that apply to
more than one input/output statement. These facilities are
discussed before the descriptions of the separate input/output
statements.

IBM VS COBOL for 0S/VS
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Device ENVIRONMENT DIVISION DATA DIVISION PROCEDURE DIVISION
Type -
Required Entries Optional Entries Required Entries Optional Entries Required Entries Optional Entries
card SELECT ACCESS LABEL RECORDS BLOCK CONTAINS OPEN INPUT READ [INTO]
Reader ASSIGN SEQUENTIAL OMITTED RECORD CONTAINS CLOSE [LOCK] [AT END]
ORGANI ZATION DATA RECORDS USE
SEQUENTIAL {EXCEPTION/ERROR
RESERVE FOR DEBUGGING
FILE STATUS
Card RERUN. . . RECORDS OPEN OUTPUT WRITE [FROM]
Punch SAME [RECORD] CLOSE [LOCK) USE
AREA IEXCEPTION/ERROR
FOR DEBUGGING l
Printer BLOCK CONTAINS OPEN OUTPUT WRITE [FROM]
RECORD CONTAINS CLOSE [LOCK] [ADVANCING]
DATA RECORDS [END-OF -PAGE)
LINAGE USE
EXCEPTION/ERROR
{BEFORE REPORTING]
FOR DEBUGGING
Tape ACCESS LABEL RECORDS BLOCK CONTAINS OPEN INPUT READ [INTO]
SEQUENTIAL STANDARD RECORD CONTAINS CLOSE [AT END]
ORGANIZATION OMITTED DATA RECORDS [REEL/UNIT USE
SEQUENTIAL CODE-SET [REMOVAL ] ‘EXCEPTION/ERROR]
RESERVE LINAGE NO REWIND FOR DEBUGGING
FILE STATUS [NO REWIND]
RERUN [LOCK]
RECORDS ]
REEL/UNIT BLOCK CONTAINS OPEN WRITE [FROM]
SAME RECORD CONTAINS OUTPUTI [ADVANCING]
RECORD DATA RECORDS EXTEND [END-OF -PAGE]
[SORT CODE-SET CLOSE USE
SORT-MERGE LINAGE [REEL/UNIT EXCEPTION/ERROR
AREA [REMOVAL ] { IN }
MULTIPLE FILE NO REWIND FOR DEBUGGING
TAPE [NO REWIND]
[LOCK]
Direct ACCESS LABEL RECORDS BLOCK CONTAINS OPEN INPUT READ [INTO]
Access SEQUENTIAL STANDARD RECORD CONTAINS CLOSE [AT ENDI]
Storage ORGANI ZATION DATA RECORDS [REEL/UNIT USE
(Physi- SEQUENTIAL [REMOVAL ]] EXCEPTION/ERROR}
cal RESERVE NO REWIND FOR DEBUGGING
Sequen-| FILE STATUS [NO REWIND]
tial) RERUN [LOCK]
(RECORDS }
REEL/UNIT BLOCK CONTAINS OPEN I-O READ [INTO]
SAME RECORD CONTAINS CLOSE [AT END]
RECORD DATA RECORDS [REEL/UNIT REWRITE [FROM]
SORT LINAGE [REMOVAL ]] WRITE [FROM]
SORT-MERGE NO REWIND USE
AREA [NO REWIND] {EXCEPTION/ERROR
[LOCK] FOR DEBUGGING
BLOCK CONTAINS OPEN WRITE [FROM]
RECORD CONTAINS IOUTPUT] [ADVANCING]
DATA RECORDS EXTEND [END~OF -PAGE]
LINAGE CLOSE USE
[REEL/UNIT EXCEPTION/ERROR
| REPORT | [REMOVAL ] {EEEEREIREEOREINE
NO REWIND FOR DEBUGGING
[NO REWIND]
[LOCK]
Direct ACCESS LABEL RECORDS BLOCK CONTAINS OPEN INPUT READ [INTO]
Access SEQUENTIAL STANDARD RECORD CONTAINS CLOSE [LOCK] [AT END]
Storage ORGANIZATION OMITTED l DATA RECORDS USE
(vsaM) SEQUENTIAL EXCEPTION/ERROR
RESERVE FOR DEBUGGING
PASSWORD OPEN I-O READ [INTO]
CLOSE [LOCK] [AT END]
FILE STATUS REWRITE [FROM]
RERUN. . . RECORDS USE
SAME EXCEPTION/ERROR
[RECORD ] [FOR DEBUGGING
SORT
SORT-MERGE
AREA OPEN WRITE [FROM]
{OUTPUT USE
EXTEND EXCEPTION/ERROR
CLOSE [LOCK] FOR DEBUGGING

Figure 39.

Sequential Files—Required and Optional Entries
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Access ENVIRONMENT DIVISION DATA DIVISION PROCEDURE DIVISION
Required Entries Optional Entries Required Entries Optional Entries Required Entries Optional Entries
Sequen- SELECT ACCESS LABEL RECORDS BLOCK CONTAINS OPEN INPUT READ [NEXT]
tial ASSIGN SEQUENTIAL {STANDARD RECORD CONTAINS CLOSE [LOCK] [INTO]
ORGANIZATION ALTERNATE RECORD OMITTED DATA RECORDS [AT END]
INDEXED KEY START [KEY]
RECORD KEY [INVALID KEY]
USE
. { EXCEPTION/ERROR
[DUPLICATES] FOR DEBUGGING
RESERVE
FILE STATUS OPEN OUTPUT WRITE [FROM]
RERUN. . .RECORDS [INVALID KEY]
SAME [RECORD] USE
AREA { EXCEPTION/ERROR
CLOSE [LOCK] FOR DEBUGGING
OPEN I-~-O READ [NEXT]
CLOSE [LOCK] [INTO]
[AT END]
START [KEY]
[INVALID KEY]
REWRITE [FROM]
[INVALID KEY]
DELETE
USE
EXCEPTION/ERROR}
FOR DEBUGGING
Random SELECT ALTERNATE RECORD LABEL RECORDS BLOCK CONTAINS OPEN INPUT READ [INTO]}
ASSIGN KEY STANDARD RECORD CONTAINS CLOSE [LOCK] [INVALID KEY)
ORGANIZATION OMITTED DATA RECORDS USE
INDEXED { EXCEPTION/ERROR
ACCESS FOR DEBUGGING
RANDOM [DUPLICATES]
RECORD KEY RESERVE OPEN OUTPUT WRITE [FROM]
FILE STATUS CLOSE [LOCK] [INVALID KEY]
RERUN. . .RECORDS USE
SAME [RECORD] EXCEPTION/ERROR}
AREA FOR DEBUGGING
OPEN I-O READ [INTO]
CLOSE {[LOCK] [INVALID KEY]
WRITE [FROM]
[INVALID KEY]
REWRITE [FROM]
[INVALID KEY]
DELETE
[INVALID KEY]
USE
{ EXCEPTION/ERROR
FOR DEBUGGING
Dynamic SELECT ALTERNATE RECORD LABEL RECORDS BLOCK CONTAINS OPEN INPUT USE
ASSIGN KEY {STANDARD RECORD CONTAINS CLOSE [LOCK] {EXCEPTION/ERROR
ORGANIZATION OMITTED DATA RECORDS FOR DEBUGGING
INDEXED (sequential request)
ACCESS READ NEXT [INTO]
DYNAMIC [DUPLICATES] [AT END]
RECORD KEY RESERVE START {KEY]
FILE STATUS [INVALID KEY]
RERUN. . . RECORDS {random request)
SAME [RECORD] READ [INTO]
AREA [INVALID KEY]
OPEN OUTPUT WRITE [FROM]
CLOSE [LOCK] [INVALID KEY]
. USE
EXCEPTION/ERROR
FOR DEBUGGING
OPEN I-O USE
CLOSE [LOCK] {EXCEPTION/ERROR
FOR DEBUGGING
(sequential request)
READ NEXT [INTO]
[AT END]
START ([KEY]
[INVALID KEY]
{random request)
READ [INTO]
[INVALID KEY]
WRITE [FROM]
[INVALID KEY]
REWRITE [FROM]
[INVALID KEY]
DELETE
{INVALID KEY]

Figure 40. V5AM Indexed Direct Access Storage Files—Required and Optionai Entriies
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Access

ENVIRONMENT DIVISION

DATA DIVISION

PROCEDURE

DIVISION

Required Entries Optional Entries

Required Entries

Optional Entries

Required Entries

Optional Entries

Sequen-
tial

SELECT

ASSIGN

ORGANIZATION
RELATIVE

ACCESS
SEQUENTIAL
RELATIVE KEY

RESERVE

FILE STATUS

RERUN. . . RECORDS

SAME [RECORD]
AREA

LABEL RECORDS
{STANDARD}

OMITTED

BLOCK CONTAINS
RECORD CONTAINS
DATA RECORDS

OPEN INPUT
CLOSE [LOCK]

READ [NEXT]
[INTO]
[AT END]
START [KEY]
[INVALID KEY]
USE
{EXCEPTION/ERROR
FOR DEBUGGING

OPEN OUTPUT
CLOSE [LOCK]

WRITE [FROM]
[INVALID KEY]

USE
EXCEPTION/ERROR
{FOR DEBUGGING l

OPEN I-O
CLOSE [LOCK]

READ [NEXT]
[INTO]
[AT END]
REWRITE [FROM]
[INVALID KEY]
START [KEY]
{INVALID KEY]
DELETE

USE
EXCEPTION/ERROR
FCR DEBUGGING

Random

SELECT
ASSIGN
ORGANIZATION
RELATIVE
ACCESS
RANDOM
RELATIVE KEY

PASSWORD

RESERVE

FILE STATUS

RERUN. . . RECORDS

SAME [RECORD]
AREA

LABEL RECORDS

STANDARD
OMITTED

BLOCK CONTAINS
RECORD CONTAINS
DATA RECORDS

OPEN INPUT
CLOSE [LOCK]

READ [INTO]
[INVALID KEY]

USE
EXCEPTION/ERROR
FOR DEBUGGING }

OPEN OUTPUT
CLOSE [LOCK]

WRITE [FROM]
{INVALID KEY]

USE
EXCEPTION/ERROR]
[FOR DEBUGGING

OPEN I-O
CLOSE [LOCK]

READ [INTO]
[INVALID KEY)
WRITE [FROM]
[INVALID KEY]
REWRITE [FROM]
[INVALID KEY]
DELETE
[INVALID KEY]
USE
EXCEPTION/ERROR
{FOR DEBUGGING }

Dynamic

SELECT
ASSIGN
ORGANIZATION
RELATIVE
ACCESS
DYNAMIC
RELATIVE KEY

PASSWORD

RESERVE

FILE STATUS

RERUN. . . RECORDS

SAME [RECORD]
AREA

LABEL RECORDS

STANDARD
OMITTED

BLOCK CONTAINS
RECORD CONTAINS
DATA RECORDS

OPEN INPUT
CLOSE [LOCK]

USE
IEXCEPTION/ERROR‘
FOR DEBUGGING

(sequential request)

READ NEXT [INTO]
[AT END]

START {KEY]

[INVALID KEY]
(random request)
READ [INTO]

[INVALID KEY]

OPEN OUTPUT
CLOSE [LOCK]

WRITE [FROM]
[INVALID KEY]

USE
EXCEPTION/ERROR]
FOR DEBUGGING

OPEN I-0
CLOSE [LOCK]

USE
lEXCEPTION/ERROR
FOR DEBUGGING
(sequential request)
READ NEXT [INTO]}
{AT END]
START [KEY]
[INVALID KEY]
(random request)
READ [INTO]
{INVALID KEY]
WRITE [FROM]
{INVALID KEY]
REWRITE [FROM]
{INVALID KEY]
DELETE
[INVALID KEY]

Figure 41.

VSAM Relative Direct Access Storage Files—Required and Optional Entries
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COMMON. PROCESSING FACILITIES

~
The common processing facilities provided are: status key, (: '
invalid key condition, INTO/FROM identifier option, and current ¥
record pointer. All are discussed in following sections.

status Key

If the FILE STATUS clause is specified in the File-Control
entry, a value is placed in the specified Status Key (the
2-character data item named in the FILE STATUS clause) during
execution of any request on that file; the value indicates the
status of that request. The value is placed in the Status Key
before execution of any EXCEPTION/ERROR Declarative or INVALID
KEY/Z/AT END option associated with the request.

The first character of the Status Key is known as Status Key 1;
the second character is known as Status Key 2. For VSAM files,
combinations of possible values and their meanings are shown in
Figure 42; for physical sequential files, these combinations are
shown in Figure 43.
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Status Key 1 Meaning Status Key 2 Meaning
Value Value
0 Successful completion 0 No further information
2 Duplicate key, and DUPLICATES specified
| At End (no next logical record, or an | 0 No further information
OPTIONAL file not available at
OPEN time)
2 Invalid Key 0 No further information
1 Sequence error
2 Duplicate key, and duplicate keys not allowed
3 No record found
4 Boundary violation (indexed or relative file)
3 Permanent error (data check, parity | 0 No further information

check, transmission error)

4 Boundary violation (sequential file)

9 Other Errors 0 No further information

Op 1 Password failure
2 Logic error
3 Resource not available
4 No current record pointer for sequential request
5 Invalid or incomplete file information
6 No file identification (see System Dependencies
chapter)

Figure 42, Status Key Values and Meanings—VSAM Files
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Status Key 1 Meaning Status Key 2 Meaning
Value Value
0 Successful Completion 0 No further information
1 At End (no next logical record, or an |0 - No further information
OPTIONAL file not available at
OPEN time)
3 Permanent Error (data check, parity |0 No further information
check, transmission error)
4 Boundary violation
9 Other Errors 0 No further information
2 Logic error
6 No file identification (see System Dependencies
chapter)

Figure 43. Status Key Values and Meanings—Physical Sequential Files

Invalid Key Condition

The INVALID KEY condition can occur during execution of a START,
READ, WRITE, REWRITE, or DELETE statement. (For details of the
causes for the condition, see the discussions of those
statements.) When the INVALID KEY condition is recognized, the
following actions are taken in the following order:

1. If the FILE-STATUS clause is specified in the File-Control
entry, a value is placed into the Status Key to indicate an
INVALID KEY condition (see Figure 41 and Figure 42).

2. If the INVALID KEY option is specified in the statement
causing the condition, control is transferred to the INVALID
KEY imperative-statement. Any EXCEPTION/ERROR declarative
procedure specified for this file is not executed.

3. If the INVALID KEY option is not specified, but an
EXCEPTION/ERROR declarative procedure is specified for the
file, the EXCEPTION/ERROR procedure is executed.

When an INVALID KEY condition occurs, the input/output statement
which caused the condition is unsuccessful.

If the INVALID KEY option is not specified for a file, an
EXCEPTION/ERROR procedure must be specified.

f IBM Extension : 1

However, this implementation allows both the INVALID KEY option
and the EXCEPTION/ERROR procedure to be omitted.

L End of IBM Extension ‘ g

INTO/FROM Identifier Option

This option is valid for READ, REWRITE, and WRITE statements.
The specified identifier must be the name of an entry in the
Working-Storage Section, the Linkage Section, or of a record
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description for another previously opened file.
Record-name/file-name and identifier must not refer to the same
storage area. The statements take the following form:

{ READ file-name RECORD INTO 1

> record-name FROM |

REWRITE |

|
[ WRITE ] > identifier
<
|
L J

|
<
|
|
L

The INT0O identifier option makes a READ statement equivalent to
READ file-name
MOVE record-name T0 identifier

After successful execution of the READ statement, the current
record becomes available in both the record-name and the
identifier.

The FROM identifier option makes a REWRITE or WRITE statement
equivalent to

MOVE identifier T0 record-name

[ REWRITE ]
< > record-name
{ WRITE }

After successful execution of the WRITE or REWRITE statement,
the current record may no longer be available in record-name,
but is still available in identifier.

In both options, the implicit move is executed according to MOVE
statement rules without the CORRESPONDING option.

Current Record Pointer

Conceptually, the current record pointer identifies a particular
record accessed by a sequential input request; the record
identified depends on the statement being executed:

. The OPEN statement positions the current record pointer at
the first record in the file.

. For the READ statement, the following considerations apply:

- If the OPEN statement positioned the current record
pointer, the record identified by the current record
pointer is made available.

- If a previous READ statement positioned the current
record pointer, the current record pointer is updated to
point to the next existing record in the file; that
record is then made available.

. The START statement positions the current record pointer at
the first record in the file that satisfies the implicit or
explicit comparison specified in the START statement.

The setting of the Current Record Pointer is affected only by
the OPEN, START, and READ statements. The concept of the
Current Record Pointer has no meaning for random access or for
output files.
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OPEN STATEMENT

The OPEN statement initiates the processing of files. It also @::E
parforms checking and/or writing of labels,»and other
input/output operations.

Format 1——Sequentia1 Files

B ‘ b
REVERSED

INPUT file-name-1
| WITH NO REWIND

-

REVERSED

[file-name-2 ] ... > ...

OPEN < WITH NO REWIND
L

QUTPUT file-name-3 [WITH NO REWIND]
[file-name—4 [WITH NO_REWINDI 1 ...
I-0 file-name~-5 [file-name-61 ...

EXTEND file-name-7 [file-name-81 ... |
L.

Format 2—VSAM Indexed Files

INPUT file-name-1 [file-name-21 ...
QUTPUT file-name-3 [file-name-4] ...
OPEN < I-0 file-name-5 [file-name-61 ... >

A

'

EXTEND file-name-7 [file-name-81

Format 3~—VSAM Relative Files

INPUT file-name-1 [file-name-2] ...
OPEN QUTPUT file-name-3 [file-name=-4] ..
I-0 file-name-5 [file-name-61 ...

.o

-
| SRR |

Each file-name designates a file upon which the OPEN statement
is to operate. The specified files need not have the same
organization or access. Each file-name must be defined in an FD
entry in the Data Division, and must not name a sort or merge
file. The FD entry must be equivalent to the information
supplied when the file was defined.

The successful execution of an OPEN statement determines the
availability of the file and results in that file being in open
mode. Before successful execution of the OPEN statement for a
given file, no statement—except for a SORT or MERGE statement
with the USING or GIVING option—can be executed which refers
explicitly or. implicitly to that file. The successful execution
of the OPEN statement makes the associated record area available
to the program; it does not obtain or release the first data
record. .

At least one of the options INPUT, OUTPUT, I-0, or EXTEND must
be specified; there may not be more than one specification of N
each option, although more. than one file-name may be specified (:\”
in each option. The INPUT, QUTPUT, I-0, or EXTEND options may o
appear in any order.
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The INPUT option permits opening of the file for input
operations.

The I-0 option permits opening of the file for both input and
output operations. The I-0 option may be specified only for
files assigned to direct access storage devices.

The INPUT and I-0 options must not be specified when the file
has Qot already been created. See the System Dependencies
chapter.

The OUTPUT option permits opening of the file for output :
operations. This option can be specified when the file is bein
created. (The OQUTPUT option must not be specified for a file
which contains records, or which has contained records that have
been deleted.)

The EXTEND option is valid only for sequential files and permits
opening the file for output operations. It is discussed in the
following section on Sequential Files.

f IBM Extension 1

This IBM implementation also allows the EXTEND option to be
specified for VSAM indexed files.

L End of IBM Extension !

A file may be opened for INPUT, QUTPUT, I-0, or EXTEND in the
same program. After the first OPEN statement execution for a
given file, each subsequent OPEN statement execution must be
precedaed by a successful CLOSE file statement execution without
the LOCK option.

If the FILE STATUS clause is specified in the File-Control
entry, the associated Status Key is updated when the OPEN
statement is executed.

If an OPEN statement is issued for a file already in the open
status, the EXCEPTION/ERROR procedure (if specified) for this
file is executed.

When opening a file, the NO REWIND option has no effect on file
positioning. It appears in the format for language consistency.
When either NO REWIND or no option is specified, positioning of
a file is specified with the LABEL parameter of the DD
statement. (NO REWIND on the OPEN statement specifies no
rewinding at close time.)

Format 1—Sequential Files

The EXTEND option permits opening a sequentially accessed
indexed file for output operations. When an OPEN EXTEND
statement is executed, the file is prepared for the addition of
records immediately following therlast recordd>in the file. (The
record with the highest prime recor “Value is considered the
last record.) Subsequent WRITE statements add records as if the
file were opened for QUTPUT. The EXTEND option can be specified
when a file is being created; it can also be specified for a
file that contains records, or that has contained records which
have been deleted.

Execution of an OPEN INPUT or OPEN I-0 statement sets the
Current Record Pointer to the first record existing in the file.
If no records exist in the file, the Current Record Pointer is
set so0 that execution of the first READ statement results in an
AT END condition.

For an INPUT file, if SELECT OPTIONAL is specified in the

File-Control entry, OPEN statement execution causes the object
program to check for the presence or absence of this file. If
the file is absent, the first READ statement causes the AT END
condition to occur. (See the chapter on System Dependencies.)
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PHYSICAL SEQUENTIAL FILES: The REVERSED and NO REWIND options
are valid for this type of file; these options are valid only
for single reel files. (See the System Dependencies chapter.)

The following rules apply:

. When the REVERSED, NO REWIND, or EXTEND options are not
specified, OPEN statement execution positions the file at
its beginning. o

. When NO REWIND is specified, OPEN statement execution does
not reposition the file; prior to OPEN statement execution,
the file must be positioned at its beginning.

. When REVERSED is specified, OPEN statement execution
positions the file at its end. Subsequent READ statements
make the data records available in the reverse order,
starting with the last record.

If the concept of reels has no meaning for the storage medium
(for example, a direct access storage device), the REVERSED and
NO REWIND options do not apply.

If label records are specified for the file, when the OPEN
statement is executed, the labels are processed according to the
standard label conventions, as follows:

. INPUT files: the beginning labels are checked

. QUTPUT files: the beginning labels are written

. I-0 files: the labels are checked; new labels are then

written.
. EXTEND files: the following procedures are executed:
1. Beginning file labels are processed only if this is a

single-volume file.

2. Beginning volume labels of the last existing volume are
checked.

‘3, Existing ending file labels are checked; they are then
deleted.

4. Processing continues as 1f the file were opened as an
‘ CUTPUT file.

When label records are specified but not present, or when label
records are present but not specified, execution of the OPEN
statement is unpredictable.

VSAM SEQUENTIAL FILES: The concept .of reels has no meaning in
VSAM file organization; therefore, the REVERSED and NO REWIND
optiqns must not be specified.

Label processing is not performed for VSAM sequential files.

r IBM Extension 1

If the PASSWORD clause is specified in the File-Control entry,
the password data item must contain the valid password before
the OPEN statement is executed. If the valid password is not
present, the OPEN statement execution is unsuccessful.

L - — End of IBM Extension y -

Format 2—VSAM Indexed Files
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Execution of an OPEN INPUT or OPEN I-0 statement sets the
Current Record Pointer to the first record existing in the file;
the record with the lowest prime record key value is considered
to be the first record. If no records exist in the file, the
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Current Record Pointer is set so that the first Format 1 READ
statement executed results in an AT END condition.

I IBM Extension - 1

The EXTEND option permits opening a sequentially accessed
indexed file for output operations. When an OPEN EXTEND
statement is executed, the file is prepared for the addition of
records immediately following the last record in the file. (The
record with the highest prime record key value is considered the
last record.) Subsequent WRITE statements add records as if the
file were opened for QUTPUT. The EXTEND option can be specified
when a file is being created; it can also be specified for a
file that contains records, or that has contained records which

“"have been deleted.

For most types of file processing, every password data item

specified for an indexed file must contain a valid password

before the OPEN statement can be successfully executed. For
details, see the Svstem Dependencies chapter on the PASSWORD
clause.

L - End of IBM Extension

Format 3—VSAM Relative Files

WRITE STATEMENT

Execution of an OPEN INPUT or OPEN I-0 statement sets the
Current Record Pointer to the first record existing in the file;
the record with the lowest relative record number is considered
the first record in the file. If no records exist in the file,
the Current Record Pointer is set so that the first Format 1
READ statement executed results in an AT END condition.

r IBM Extension 1

If the PASSWORD clause is specified in the File-Control entry
for this file, the password data item must contain the valid
password before the OPEN statement is executed. If the valid
password is not present, the OPEN statement execution is
unsuccessful.

L End of IBM Extension

The WRITE statement releases a logical record for an output or
input/output file.

Format l1—Physical Sequential Files
WRITE record-name [FROM identifierl

' [ identifier-2 1 [ LINE ]
< > | LINES |
] integer ]t 4
[ BEFORE 1 t 4
[ < > ADVANCING < > 1
| AFTER | ‘ [ mnemonic-name ]
L J < >
| PAGE j
L L J
[ enp-or-pace |
[AT < imperative-statement]

>
| EoP |
L 3
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Format 2—VSAM Sequential Files
WRITE record-name [FROM identifierl

Format 3—VSAM Indexed and Relative Files

- WRITE record-name [FROM identifierl

[INVALID KEY imperative-statementl

'Nhen the WRITE statement is executed, the associated file must

be open in OUTPUT, the I-0, or EXTEND mode.

Record-name must be the name of a logical record in the File
Section of the Data Division. Record-name may be qualified.
Record-name must not be associated with a sort or merge file.

The maximum record size for the file is established at the time
the file is created, and cannot subsequently be changed.

Execution of the WRITE statement releases a logical record to
the file associated with record-name.

After the WRITE statement is executed, the logical record is no
longer available in record-name, unless:

. The associated file is named in a SAME RECORD AREA clause
(in which case the record is also available as a record of
the other files named in the SAME RECORD AREA clause), or

. The WRITE statement is unsuccessful because of a boundary
violation.

In either of these two cases, the logical record is still
available in record-name.

If the FROM identifier option is specified, then after the WRITE
statement is executed, the information is still available in
identifier, even though it may not be in record-name. (See
"INTO/FROM identifier Option” in the preceding Common Processing
Facilities Section.)

The Current Record Pointer is not affected by execution of the
WRITE statement.

The number of character positions required to store the record
in a file may or may not be the same as the number of character
positions defined by the logical description of that record in
the COBOL program. (See the descriptions of the PICTURE and
USAGE clauses in the Data Division chapter.)

If the FILE STATUS clause is specified in the File-Control
entry, the associated Status Key is updated when the WRITE
statement is executed, whether or not execution is successful.

Format 1—Physical Sequential Files
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When an attempt is made to write bevond the externally defined
boundaries of the filae, WRITE statement execution is .
unsuccessful and an EXCEPTION/ERROR condition exists. The
status key, if specified, is updated, and if an explicit or
implicit EXCEPTION/ERROR procedure is specified for the file,
the procedure is executed; if no such procedure is specified,
the results are unpredictable.

The ADVANCING and END-OF-PAGE options control the vertical
positioning of each line on a printed page.

ADVANCING OPTION: When this option is omitted, automatic line
?dtaaéing is provided as if the user had written AFTER ADVANCING
INE.
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When this option is specified, the following rules apply:

) When BEFORE ADVANCING is specified, the line is printed
. before the page is advanced.

L When AFTER ADVANCING is specified, the page is advanced
before the line is printed.

. When identifier-2 is specified, the page is advanced the
number of lines equal to the current value in identifier-2.
Identifier-2 must name an elementary integer data item.

. When integer is specified, the page is advanced the number
of lines equal to the value of integer.

. Integer or the value in identifier-2 may be zero.

. When mnemonic-name is specified, a skip to channels 1
through 9, 10 through 12, or space suppression takes place.
Mnemonic-name must be equated with function-name-1 in the
SPECIAL-NAMES paragraph (valid function-names are listed in

the System Dependencies chapter). This option is not valid
if @ LINAGE clause is specified in the FD entry for this
file. '

T IBM Extension 1
The mnemonic-name option may also be specified for stacker
selection with a card punch file. When using stacker
selection, WRITE AFTER ADVANCING must be used.

L End of IBM Extension .

. When PAGE is specified, the record is printed on the logical
page BEFORE or AFTER (depending on the option used) the
davice is positioned to the next logical page. If PAGE has
no meaning for the device used, then BEFORE or AFTER
(depending on the option specified) ADVANCING 1 LINE is
provided.

If the FD entry contains a LINAGE clause, the repositioning
is to the first printable line of the next page, as
specified in that clause. If the LINAGE clause is omitted,
the repositioning is to channel 1 of the carriage control
tape (that is, to line 1 of the next succeeding page).

See the System Dependencies chapter.

LINAGE-COUNTER Rules: If the LINAGE clause is specified for this
file, the associated LINAGE-COUNTER special register is modified
during the execution of the WRITE statement, according to the
following rules:

. If ADVANCING PAGE is specified, LINAGE-COUNTER is reset to

. If ADVANCING identifier-2 or integer is specified,
LINAGE-COUNTER is incremented by the value in identifier-2
or integer. '

. If the ADVANCING option is omitted, LINAGE-COUNTER is
incremented by 1.

. When the device is repositioned to the first writable line
of a new page, LINAGE-COUNTER is reset to 1.

END-OF-PAGE OPTION: The key words END-OF-PAGE and EOP are
equivalent.

When the END-OF-PAGE option is specified, the FD entry for this
file must contain a LINAGE clause. When END-OF-PAGE is
specified, and the logical end of the printed page is reached
during execution of the WRITE statement, the END-OF-PAGE
imperative-statement is executed.
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The logical end of the printed page is specified in the
associated LINAGE clause.

An END-OF-PAGE condition is reached when execution of a WRITE
END-OF-PAGE statement causes printing or spacing within the
footing area of a page body. This occurs when execution of such
a WRITE statement causes the value in the LINAGE-COUNTER special
register to equal or exceed the value specified in the WITH
FOOTING option of the LINAGE clause. The WRITE statement is
executeg. and then the END-OF-PAGE imperative-statement is
executed.

An automatic page overflow condition is reached when the
execution of any given WRITE statement (with or without the
END-OF-PAGE option) cannot be completely executed within the
current page body. This occurs when a WRITE statement, if
executed, would cause the value in the LINAGE-COUNTER to exceed
the number of lines for the page body specified in the LINAGE
clause. In this case, the line is printed BEFORE or AFTER
(depending on the option specified) the device is repositioned
to the first printable line on the next logical page, as
specified in the LINAGE clause. If the END-OF-PAGE option is
specified, the END-OF-PAGE imperative-statement is then
executed.

If the WITH FOOTING option of the LINAGE clause is not
specified, the END-OF-PAGE condition and the automatic page
overflow condition occur simultaneously, since no end-of-page

gondition as distinct from the page overflow condition can be
etected.

If the WITH FOOTING option is specified, but the execution of a
given WRITE statement would cause the LINAGE-COUNTER to exceed
both the footing value and the page body value specified in the
LINAGE clause, then both the end-of-page condition and the
automatic page overflow condition occur simultaneously.

MULTIVOLUME FILES: The following discussion applies to all
multivolume tape files and multivolume physical sequential
direct access storage files.

When end—df-volume is recognized for a multivolume OUTPUT file,
the WRITE statement performs the following operations:

. The standard ending volume label procedure
. A volume switch

. The standard beginning volume label procedure

Format 2—VSAM Sequential Files

The INVALID KEY option must not be specified.

Whan an attempt is made to write bevond the externally defined
boundaries of the file, the execution of the WRITE statement is
unsuccessful, and an EXCEPTION/ERROR condition exists. The
contents of record-name are unaffected. If specified, the
status key is updated, and, if an explicit or implicit
EXCEPTION/ERROR procedure is specified for the file, the
procedure is executed; if no such procedure is spaecified, the
results are unpredictable.

Format 3—VSAM Indexed and Relative files
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This format is valid only for VSAM indexed and relative files.

VSAM INDEXED FILES: When the WRITE statement is executed, the
system releases the record, using the record keys specified so
that later access to the record can be based on any of the
specified keys. Before the WRITE statement is executed, the
user must set the prime record key (the RECORD KEY data item, as
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defined in the File-Control entry) to the desired value. (Note
that RECORD KEY values must be unique within a file.)

If the ALTERNATE RECORD KEY clause is also specified in the
File-Control entry, each alternate record key must be unique,
unless the DUPLICATES option is specified. If the DUPLICATES
option is specified, alternate record key values may be
nonunique. In this case, the system stores the records so that
later sequential access to the records allows retrieval in the
same order they were stored.

When ACCESS IS SEQUENTIAL is specified in the File-Control
enfry, records must be released in ascending order of RECORD KEY
values.

When ACCESS IS RANDOM or ACCESS IS DYNAMIC is specified in the
File-Control entry, records may be released in any
programmer—-specified order.

INVALID KEY Option: This option must be specified if an explicit
or implicit EXCEPTION/ERROR procedure is not specified for this
file.

r IBM Extension 1

However, this IBM implementation allows both the INVALID KEY
option and the EXCEPTION/ERROR procedure to be omitted.

L End of IBM Extension .

When the INVALID KEY condition is recognized, WRITE statement
execution is unsuccessful, and the contents of the record are
unaffected. Program execution proceeds according to the rules
stated in the preceding INVALID KEY Condition section. An
INVALID KEY condition is caused by any of the following:

L When ACCESS SEQUENTIAL is specified, and the file is opened
OUTPUT, and the value of the prime record key is not greater
than that for the previous record.

. When the file is opened I-0, and the value of the prime
record key equals that of an already existing record.

. When the file is opened QUTPUT or I-0, and the value of an
ALTERNATE RECORD KEY for which duplicates are not allowed
equals that of an already existing record.

. When an attempt is made to write beyond the
externally-defined boundaries of the file.

T - IBM Extension 1

. The INVALID KEY conditions that apply to an indexed file in
OPEN OUTPUT mode also apply to one in OPEN EXTEND mode.

L End of IBM Extension }

VSAM RELATIVE FILES: The WRITE statement is valid for both
QUTPUT and I-0 files.

For OUTPUT files, the WRITE statement causes the following
actions:

. If ACCESS IS SEQUENTIAL is specified, the first record
released has relative record number 1, the second number 2,
the third number 3, and so forth. If the RELATIVE KEY is
specified in the File-Control entry, the relative record
number of the record just released is placed in the RELATIVE
KEY during execution of the WRITE statement.
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START STATEMENT

. If ACCESS IS RANDOM or ACCESS IS DYNAMIC is specified, the
RELATIVE KEY must contain the desired relative record number 3
for this record before the WRITE statement is issued. When 4 :
the WRITE statement is executed, this record is placed at i
the specified relative record number position in the file.

For I-0 files, either ACCESS IS RANDOM or ACCESS IS DYNAMIC must
be specified; the WRITE statement inserts new records into the
file. The RELATIVE KEY must contain the desired relative record
number for this record. before the WRITE statement is issued.
When the WRITE statement is executed, this record is placed at
the specified relative record number position in the file.

INVALID KEY Option: This option must be specified if an explicit
or implicit EXCEPTION/ERROR procedure is not specified for this
file.

I IBM Extension : )

However, this IBM implementation allows both the INVALID KEY
option and the EXCEPTION/ERROR procedure to be omitted.

L End of IBM Extension !

When the INVALID KEY condition is recognized, WRITE statement
execution is unsuccessful, and the contents of the record area
are unaffected. Program execution proceeds according to the
rules stated in the preceding INVALID KEY Condition section. An
INVALID KEY condition is caused by either of the following:

. When ACCESS IS RANDOM or ACCESS IS DYNAMIC is specified, and
the RELATIVE KEY specifies a record that already exists in
the file

. When an attempt is made to write beyond the
externally-defined boundaries of the file TN

The START statement provides a means of positioning within a
VSAM indexed or relative file for subsequent sequential record
retrieval.

Format

EQUAL TO
REATER THAN

OT_LESS THAN
T <

START file-name [KEY IS data-namel

| PRI NUN ¥ S ——

P s e —
Z]Z VIO 1

[INVALID KEY imperative-statement]

When the START statement is executed, the associated VSAM
indexed or relative file must be open in INPUT or I-0 mode.

File-name must name a file with sequential or dynamic access.
File-name must be defined in an FD entry in the Data Division,
and must not name a sort or merge file.

When the KEY. option is not specified, the EQUAL TO relational
operator is implied. ;

When the KEY option is specified, the comparison specified in

the KEY relational operator is made between data-name and the.
corresponding key field associated with the file's records. .
Data-name may be qualified; it may not be subscripted or ‘;;}
indexed. 7
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INVALID KEY Option

When the START statement is executed, a comparison is made
between the current value in the key data-name and the
corresponding key field in the file's records. The Current
Record Pointer is positioned to the logical record in the file
whose key field satisfies the comparison.

If the comparison is not satisfied by any record in the file, an
INVALID KEY condition exists; the position of the Current Record
Pointer is undefined, and (if specified) the INVALID KEY
imperative-statement is executed. (See the description of the
INVALID KEY Condition in the preceding Common Processing
Facilities section.)

The INVALID KEY option must be specified if no EXCEPTION/ERROR
procedure is explicitly or implicitly specified for this file.

r IBM Extension 1

However, this IBM implementation allows both the INVALID KEY
option and the EXCEPTION/ERROR procedure to be omitted.

1 End of IBM Extension !

status Key considerations

VSAM Indexed Files

If the FILE STATUS clause is specified in the File-Control
entry, the associated Status Key is updated when the START
statement is executed. (See the Status Key description in the
preceding Common Processing Facilities section.)

When the KEY option is not specified, the key data item used for
the EQUAL 7O comparison is the prime RECORD KEY. When START
statement execution is successfully completed, the RECORD KEY
becomes the key of reference for subsedquent READ statements.

When the KEY option is specified, the key data item used for the
comparison is data-name, which can be:

. The prime RECORD KEY, or

. Any ALTERNATE RECORD KEY, or

. An alphanumeric data item subordinate to a record key whose
leftmost character position corresponds to the leftmost
character position of that record key. This data item may
be qualified.

I IBM Extension )

This data item may also be defined as an external decimal item.

L End of IBM Extension !

The Current Record Pointer is positioned to the first record in
the file whose key field satisfies the comparison. If the
operands in the comparison are of unequal length, the comparison
proceeds as if the longer field were truncated on the right to
the length of the shorter field. All other numeric and
nonnumeric comparison rules apply, except that the PROGRAM
COLLATING SEQUENCE clause, if specified, has no effect.

When START statement execution is successful, the RECORD KEY or
ALTERNATE RECORD KEY with which data-name is associated becomes
the key of reference for subsequent READ statements.

When START statement execution is unsuccessful, the key of
reference is undefined.
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VSAM Relative Files

READ STATEMENT

: RN

When the KEY option is specified, data-name must specify the @i‘_
RELATIVE KEY. —e
Whether or not the KEY option is specified, the key data item
used in the comparison is the RELATIVE KEY data item. The
Current Record Pointer is positioned to the logical record in
the file whose key satisfies the comparison.
For sequential access, the READ statement makes available the
next logical record from a file. For random access, the READ
statement makes available a specified record from a direct
access storage file.
Format 1—sequential Retrieval
READ file-name [NEXT] RECORD [INTO0] identifierl]

[AT END imperative-statement]
Format 2-—Random Retrieval
READ file-name RECORD [INTO identifierl

[KEY IS5 data-namel

[INVALID KEY imperative-statement]
The READ statement makes a record available to the object
program before execution of any statement following the READ
statement.
When the READ statement is executed, the associated file must be
open in INPUT or I-0 mode.
File-name must be defined in a Data D1v1ston FD entry, and must Qkéﬁ
not name a sort or merge file. 8

If more than one record description entry is associated with
file-name, these records automatically share the same storage
area; that is, they are implicitly redefined. After a READ
statement is executed, only those data items within the range of
the current record are replaced; data items stored beyond that
range are undefined. Figure 4% illustrates this concept.

-
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The FD entry is:

FD INPUT-FILE LABEL RECORDS OMITTED.
01 RECORD-1 PICTURE X(30).
61 RECORD-2 PICTURE X(20).

Contents of input area when READ statement is executed:

ABCDEFGHIJKLMNOPQRSTUVWXYZ1234

Contents of record being read in (RECORD-2):

01234567890123456789

Contents of input area after READ is executed:

(These characters in input area are
undefined)

Figure 44. READ Statement with Multiple Record Descriptjon

When the INT0 identifier option is specified, the current record
is moved from the input area to the identifier area according to
the rules for the MOVE statement without the CORRESPONDING
option. Any subscripting or indexing associated with the
identifier is evaluated after the record has been read and
immediately before it is transferred to identifier. (See
INTO/FROM Identifier Option in the preceding Common Processing
Facilities section.)

The INT0 identifier option must not be>5pecified when the file
contains records of various sizes, as indicated by their record
descriptions.

T IBM Extension 1

However, this IBM implementation allows the use of records of
various sizes with READ INTO.

L End of IBM Extension i

The AT END or INVALID KEY option must be specified if no
implicit or explicit EXCEPTION/ERROR procedure is specified for
this file.

T . IBM Extension 2]

However, this IBM implementation allows both the AT END or
INVALID KEY option and the EXCEPTION/ERROR procedure to be
omitted.

L End of IBM Extension )

If the FILE-STATUS clause is specified in the File~-Control
entry, the associated Status Key is updated when the READ
statement is executed.
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sequential Access

Following unsuccessful READ statement execution, the contents of .
the associated record area and the position of the Current N
Record Pointer are undefined. \§

Format 1 must be used for all files in sequential access mode.

Execution of a Format 1 READ statement makes available the next
logical record from the file. Which record is considered next
depends upon the file organization.

FILES UHITH SEQUENTIAL ORGANIZATION: The next record is the
succeeding record in logical sequence. The NEXT option need not
be specified; it has no effect on READ statement execution.

If SELECT OPTIONAL is specified in the File-Control entry for
this file, and the file is absent during this execution of the
object program, execution of the first READ statement causes an
AT END condition; however, since no file is present, the
standard end-of-file processing is not performed.

AT END condition: If no next logical record exists in the file
when the READ statement is executed, an AT END condition occurs,
and READ statement execution is unsuccessful. The following
actions are taken, in the following order:

1. If the FILE STATUS clause is specified, the Status Key is
updated to indicate an AT END condition.

2. If the AT END option is specified, control is transferred to
the AT END imperative-statement. Any EXCEPTION/ERROR
procedure for this file is not executed.

3. If the AT END option is not specified, then any /KRW
EXCEPTION/ERROR procedure for this file is executed. %&)V

When the AT END condition is recognized, a READ statement for
this file must not be executed without first executing a
successful CLOSE statement followed by a successful OPEN
statement for this file.

Multivolume Physical sequential Files: If end-of-volume is
recognhized during execution of a READ statement, and logical
end-of-file has not been reached, the following are
accomplished:

. The standard ending volume label procedure.

. A volume suitch.

. The standard beginning volume procedure.

. The first data record of the next volume is made available.

FILES HITH VSAM INDEXED OR VSAM RELATIVE ORGANIZATION: The next
record is the succeeding logical record in key sequence. For
VSAM indexed files, the key sequence is the ascending values of
the current key of reference. For VSAM relative files, the key
sequence is the ascending values of relative record numbers for
records that exist in the file.

Before the READ statement is executed, the Current Record
Pointer must be set by a successful OPEN, START; or READ
statement. When the READ statement is executed, the record
indicated by the Current Record Pointer is made available, if it
is still accessible through the path indicated by the Current
Record Pointer.

If the record is no longer accessible (due, for example, to (\\
deletion of the record), the Current Record Pointer is updated wa
to indicate the next existing record in the file, and that

record is made available.
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Random Access

For files in sequential access mode, the NEXT option need not be
specified; it may be specified.

For files in dynamic access mode, the NEXT option must be
specified for sequential record retrieval.

AT END Condition: If no more logical records exist in the file
when the READ statement is executed, an AT END condition occurs.
The same actions are taken as for files with sequential
organization.

When the AT END condition is recognized, a sequential access
READ statement for this file must not be executed without first
executing one of the following:

. A successful CLOSE statement followed by a successful OPEN
statement

. A successful START statement for this file
L A successful random access READ statement for this file

sequentially Accessed VSAM Indexed Files: When an ALTERNATE
RECORD KEY with DUPLICATES is the key of reference, file records
with duplicate key values are made available in the order they
were placed in the file.

sequantially Accessed VSAM Relative Files: If the RELATIVE KEY
clause is specified for this file, READ statement execution
updates the RELATIVE KEY data item to indicate the relative
record number of the record being made available.

Format 2 must be specified for VSAM indexed and relative files
in random access mode, and also for files in the dynamic access
mode when record retrieval is random.

Execution of the READ statement depends on the file
organization, as explained in the following sections.

FILES WITH VSAM INDEXED ORGANIZATION: Execution of a Format 2
READ statement causes the value of the key of reference to be
compared with the value of the corresponding key data item in
the file records, until the first record having an equal value
is found. The Current Record Pointer is positioned to this
record which is then made available. If no record can be so
identified, an INVALID KEY condition exists, and READ statement
execution is unsuccessful. (See INVALID KEY condition in the
preceding Common Processing Facilities section.)

If the KEY option is not specified, the prime RECORD KEY becomes
the key of reference for this request. When dynamic access is
specified, the prime RECORD KEY is also used as the key of
reference for subsequent executions of sequential READ
statements until a different key of reference is established.

KEY Option: The KEY option may be specified only for indexed
files.  Data-name must identify a record key associated with
file-name—either the prime record key or any alternate record
key. Data—-name may be qualified; it may not be subscripted or
indexed.

When the KEY option is specified, data-name becomes the key of
reference for this request. When dynamic access is specified,
this key of reference is used for subsequent executions of
sequential READ statements until a different key of reference is
established. . :

FILES UHITH VSAM RELATIVE ORGANIZATION: Execution of a Format 2
READ statement sets the Current Record Pointer to the record
whose relative record number is contained in the RELATIVE KEY
data item, and makes that record available.

Input/Output. Statements 151



Dynamic Access

REWRITE STATEMENT

sequential Files

If the file does not contain such a record, the INVALID KEY
condition exists, and READ statement execution is unsuccessful. ™
(See INVALID KEY Condition in the preceding Common Processing ‘ Ji
Facilities section.) -

The KEY option must not be specified for relative files.

For files with VSAM indexed or relative organization, dynamic
access mode may be specified in the File-Control entry. 1In
dynamic access mode, either sequential or random record
retrieval can be specified, depending on the format used.

Format 1 with the NEXT option must be specified for sequential
retrieval. All other rules for sequential access apply.

Format 2 must be specified for random retrieval. All other
rules for random access apply.

The REWRITE statement logically replaces an existing record in a
mass storage file.

Format

REWRITE record-name [FROM identifier]
[INVALID KEY imperative-statement]

When the REWRITE statement is executed, the associated direct
access storage file must be open in I-0 mode.

Record-name must be the name of a logical record in the File VRN
Section of the Data Division. Record-name must not be oy J
associated with a sort or merge file. Record-name may be Www’

qualified; it may not be subscripted or indexed.

REWRITE statement execution replaces an existing record in the
file with the information contained in record-name.

After successful execution of a REWRITE statement, the logical
record is no longer available in record-name unless the
associated file is named in a SAME RECORD AREA clause (in which
case the record is also available as a record of the other files
named in the SAME RECORD AREA clause).

The Current Record Pointer is not affected by execution of the
REWRITE statement.

If the FILE STATUS clause is specified in the File-Control
entry, the associated Status Key is updated when the REWRITE
statement is executed.

For files in the sequential access mode, the last prior

input/output statement executed for this file must be a

successfully executed READ statement. When the REWRITE

statement is executed, the record retrieved by that READ
statement is logically replaced.

When the FROM identifier option is specified, the logical record
is still available in identifier after successful REWRITE
statement execution. (See the INTO/FROM Identifier Option in
the preceding Common Processing Facilities section.)

The number of character positions in record-name must equal the 4™
number of character positions in the record being replaced. /
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VSAM Indexed Files

VSAM Relative Files

The INVALID KEY option must not be specified for a file with
sequential organization. An EXCEPTION/ERROR procedure may be
specified.

The number of character positions in record-name must equal the
number of character positions in the record being replaced.

r IBM Extension 1
However, this IBM implementation allows the number of character
positions in record-name to be different from the number of
character positions in the record being replaced.

L End of IBM Extension ~4

When the access mode is sequential, the record to be replaced is
specified by the value contained in the prime RECORD KEY. When
the REWRITE statement is executed, this value must equal the
value of the prime record key data item in the last record read
from this file.

When the access mode is random or dynamic, the record to be
replaced is specified by the value contained in the prime RECORD
KEY.

Values of ALTERNATE RECORD KEY data items in the rewritten
record may differ from those in the record being replaced. The
system ensures that later access to the record can be based upon
any of the record keys.

INVALID KEY OPTION: An INVALID KEY condition exists when:

. The access mode is sequential, and the value contained in
the prime RECORD KEY of the record to be replaced does not
“equal the prime RECORD KEY data item of the last-retrieved
record from the file, or ‘

. The value contained in the prime RECORD KEY does not equal
that of any record in the file, or

. The value of an ALTERNATE RECORD KEY data item for which
DUPLICATES is not specified is equal to that of a record
already in the file.

If any one of these conditions exists, the execution of the
REWRITE statement is unsuccessful, the updating operation does
not take place, and the data in record-name is unaffected. (See
"INVALID KEY Condition" in the preceding Common Processing
Facilities section.)

The number of character positions in record-name must equal the
number of character positions in the record being replaced.

r IBM Extension )
However, this IBM implementation allows the number of character
positions in record-name to be different from the number of
character positions in the record being replaced.

L End of IBM Extension -l

For VSAM relative files in the sequential access mode, the
INVALID KEY option must not be specified. An EXCEPTION/ERROR
procedure may be specified.

When the access mode - is random or dynamic, the record to be

replaced is specified in the RELATIVE KEY data item. If the
file does not contain the specified record, an INVALID KEY
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DELETE STATEMENT

condition exists, and, if specified, the INVALID KEY
imperative-statement is executed. (See INVALID KEY condition in
the preceding Common Processing Facilities section.) The
updating operation does not take place, and the data in
record-name i5 unaffected.

The DELETE statement logically removes a record from an indexed
or a relative file.

Format DELETE file-name RECORD
[INVALID KEY imperative-statement]

When the DELETE statement is executed, the associated file must
be open in I-0 mode.

File-name must be defined in an FD entry in the Data Division
and must be the name of an indexed or relative VSAM file.

After successful execution of a DELETE statement, the record is
logically removed from the file and can no longer be accessed.

Execution of the DELETE statement does not affect the contents

of the record area associated with file-name.

If the FILE STATUS clause is specified in the File-Control
entry, the associated Status Key is updated when the DELETE
statement is executed.

sequential Access Mode

For a file in sequential access mode, the last prior
input/output statement must be a successfully executed READ
statement. When the DELETE statement is executed, the system
logically removes the record retrieved by that READ statement.
The current record pointer is not affected by execution of the
DELETE statement.

For a file in sequential access mode, the INVALID KEY option
must not be specified. An EXCEPTION/ERROR procedure may be
specified.

Random or Dynamic Access Mode

Programming Notes

In random or dynamic access mode, DELETE statement execution
results depend on the file organization: VSAM indexed or
relative.

VSAM INDEXED FILES: In random or dynamic access mode, when the
DELETE statement is executed, the system logically removes the
record identified by the contents of the prime RECORD KEY data
item. If the file does not contain such a record, an INVALID
KEY condition exists. (See the INVALID KEY Condition in the
preceding Common Processing Facilities section.) .

VSAM RELATIVE FILES: In random or dynamic access mode, when the
DELETE statement is executed, the system logically removes the
record identified by the contents of the RELATIVE KEY data item.
If the file does not contain such a record, an INVALID KEY
condition exists. (See the INVALID KEY Condition in the
preceding Common Processing Facilities section.)

The DELETE statement logically removes the record from the file.
For indexed files, the space is then immediately available for
record additions. For relative files, the space is then
available for a new record with the same RELATIVE KEY value.
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CLOSE STATEMENT

The CLOSE statement terminates the processing of volumes and
files, with optional rewind and/or lock or removal, where
applicable.

Format l-—Physical Sequential Files

( r REEL ] [ WITH NO _REWIND ] 1
< UNIT > | FOR REMOVAL |
| I J
CLOSE file-name-1
[ NO REWIND ]
WITH < >
| LOCK |
L L J .
[ REEL ] f WITH NO _REWIND ]
< UNIT > | FOR REMOVAL |
] i ]
[file-name-2 ] ...
r NO _REWIND 1
WITH < >
| LOCK |
L L 4 o
Format 2—VSAM Files
" CLOSE file-name-1 [WITH LOCK]

[file-name-2 [WITH LOCK] ]

Each file—-name designates a file upon which the CLOSE statement
is to operate. The files need not have the same organization or
access, and must not be sort or merge files.

A CLOSE statement may be executed only for a file in an open
mode. After successful execution of a CLOSE statement without
the REEL/UNIT option, the record area associated with the
file-name is no longer available. Unsuccessful execution of a
CLOSE statement leaves availability of the record data
undefined.

After a CLOSE statement without the REEL/UNIT option is
successfully executed for the file, an OPEN statement for the
file must be executed before any other input/output statement
(except a SORT/MERGE statement with the USING or GIVING option)
can refer explicitly or implicitly to the file.

If the FILE STATUS clause is specvaed in the File-Control
entry, the associated Status Key is updated when the CLOSE
statement is executed.

If the file is in an open status and the execution of a CLOSE
statement is unsuccessful, the EXCEPTION/ERROR procedure (if
specified) for this file is executed.

If a CLOSE statement is not executed for an open file before a
STOP RUN or CANCEL statement for this program is executed,
results are unpredictable. (See the System Dependencies
chapter.)
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Format 1—Physical Sequential Files

The REEL/UNIT options may be specified only for physical
sequential multivolume files. The terms REEL and UNIT are
interchangeable.

The WITH NO REWIND and FOR REMOVAL options apply only to tape
files. If they are specified for storage devices to which they
do not apply, they are ignored.

If the SELECT OPTIONAL clause is specified in the File-Control
entry for this file, and the file is not present at object time,
standard end-of-file processing is not performed. (See the
chapter on System Dependencies.)

Figure 45 summarizes the permissible combinations of CLOSE
statement options for each file type. Figure 46 gives the
meaning of each key used in Figure 45 . Physical sequential
files are divided into the following types:

. Unit Record: A file whose input or output medium is such
that rewinding, units, and reels have no meaning.

. Sequential Single Volume: A sequential file entirely
contained on one volume. More than one file may be
contained on this volume.

. Sequential Multivolume: A sequential file contained on more
than one volume.

Physical Sequential File Type
CLOSE Sequential Sequential
Statement Single Multi-
Format Unit Record Volume Volume
CLOSE C C.G . C.G,A
CLOSE WITH LOCK C.E » C.G.,E C.G.EA
CLOSE WITH NO REWIND X C.B C,B,A
CLOSE REEL/UNIT X X F.G
CLOSE REEL/UNIT X X F.D,G
FOR REMOVAL
CLOSE REEL/UNIT X X F.B
WITH NO REWIND

Figure 45. Physical Sequential File Types and CLOSE Statement
Options
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Key Actions Taken

A Previous Volumes Unaffected

Input and Input/Output Files—Standard volume-switch processing is performed
for all prior volumes (except those controlled by a prior CLOSE REEL/UNIT
statement). Any subsequent volumes are not processed.

Ouiput Files—Standard volume-switch processing is performed for all prior
volumes (except those controlled by a prior CLOSE REEL/UNIT statement).

B No Rewind of Current Reel—the current volume is left in its current position.
Close File ‘

Input and Input/Outputr Files—If the file is at its end, and label records are
specified, the standard ending label procedure is performed. Standard system
closing procedures are then performed.

If the file is at its end, and label records are omitted, standard system closing
procedures are performed.

If the file is not at its end, standard system closing procedures are performed.
Even if label records are specified, no label processing is performed.

Output Files—If label records are specified, standard ending label procedures are
performed. Standard system closing procedures are then performed.

If label records are not specified, standard system closing procedures are
performed.

D Volume Removal—When applicable, the current volume is rewound; the system
is notified that the volume is logically removed from this run unit. However, the
volume may be accessed again, after execution of a CLOSE statement without
the REEL/UNIT option and an OPEN statement for this file.

E File Lock—The compiler ensures that this file cannot be opened again during
this execution of the object program.
F Close Volume

Input Files—the following operations are performed: a volume switch, the
standard beginning label procedure, and the first record on the new volume is
made available for reading.

Output and Input/Output Files—the following operations are performed: the
standard ending volume label procedure (for output files only), a volume switch,
the standard beginning volume label procedure.

For Inpuit/Ouiput Files, the next-executed READ statement makes the next
logical record on the next direct access storage volume available.

For Ouitpur Files, the next-executed WRITE statement places the next logical
record on the next direct access storage volume available.

G Rewind—The current volume is positioned at its beginning.

X lllegal—This combination of CLOSE statement option and file type is illegal.
Results at object time may be unpredictable. '

Figure 46. Meanings of Keys Used in Figure 45

Format 2—VSAM Files

Whether a VS5AM file is contained on a single volume or on
multiple volumes is of no concern to the COBOL programmer;_thus
the concept of volumes has no meaning for these tvypes of files.

If an input VSAM sequential file is described as SELECT OfTIONAL
in the File-Control entry and the file is not present dgrwng
this execution of the object program, standard end-of-file
processing is not performed.
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Figure 47 summarizes the permissible combinations of CLOSE
statement options for VSAM files. Figure 48 gives the meaning
of each key used in Figure 47.

CLOSE . .
Statement VSAM Files (Ssequential,
Format Indexed, Ralative)
CLOSE A

CLOSE HWITH LOCK A,B .

Figure 47. VSAM Files and CLOSE Statement Options

Key Actions Taken
A Close File
Standard system closing procedures are performed.
B File Lock
The compiler ensures that this file cannot be
opened again during this execution of the

object program.

Figure 48. Meanings of Keys Used in Figure 47

ACCEPT STATEMENT

The ACCEPT statement causes low-volume data to be made available
in the specified identifier.

Format 1—Dbata Transfer

mnemonic-name

function-name

ACCEPT identifier [FROM ?
|
L

I S
Gt

Format 2—system Information Transfer

ACCEPT identifier FROM

Ic

DATE
AY
TIME

=

r—A—

|
J

ACCEPT statement execution causes the transfer of data into the
specified identifier. There is no editing or error checking of
the incoming data.

Format 1—Data Transfer
‘ This format ié used to transfer data from an input/output device
into the identifier. When the FROM option is omitted, the

system input device is assumed.

Identifier may be any fixed-length group item, or an elementary
alphabetic, alphanumeric, or external. decimal item.
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When the FROM option is specified, mnemonic-name must be
associated in the SPECIAL-NAMES paragraph with an input/output
device—either the system input device or the console
typewriter. If the device is the same as that used for READ
statements, results are unpredictable.

When the device is the system input device, the following rules
apply:

. An input record size of 80 characters is assumed.

. If the identifier is less than 80 characters long, the input
data must appear as the first characters within the input
record; any characters beyond the length of identifier are
truncated.

. If the identifier is longer than 80 characters, succeeding
input records are read until the storage area of identifier
is filled. If identifier is not an exact multiple of 80
characters, that part of the last input record which will
not fit into the identifier is truncated.

When mnemonic-name is associated with the console typewriter,
the maximum length of an input message is 255 characters. The
following rules apply:

. A system-generated message code is automatically displaved,
followed by the literal "AWAITING REPLY."™

U] Execution is suspended.

. After the message code (the same code as in point 1)
followed by a message is keved in from the console
typewriter and recognized by the system, ACCEPT statement
execution is resumed; the message is moved to identifier and
left-justified, regardless of its PICTURE.

If the identifier is longer than the incoming message, the
rightmost character positions may contain invalid data.

If the incoming message is longer than identifier, the
character positions bevond the length of identifier are
truncated.

f . IBM Extension —

When the FROM option is specified, this compiler allows a
valid function-name to be specified in place of
mnemonic-name. The list of valid function—-names is in the
System Dependencies chapter.

t End of IBM Extension I

Format 2—System Information Transfer

This format is used to transfer the system information contained
in the specified Special Register (DATE, DAY, or TIME) into
identifier.

Identifier may be a fixed-length group item, or an elementary
alphanumeric, alphanumeric edited, external decimal, binary, or
numeric edited item.

T IBM Extension 1
Identifier may also be an internal decimal item.

L End of IBM Extension !

The system information is moved from the specified Special
Register into identifier, following the rules for the MOVE
statement without the CORRESPONDING option.

Input/Qutput Statements 159



Programming Notes

DISPLAY STATEMENT

The special registers DATE, DAY, and TIME implicitly have USAGE
DISPLAY.

fﬁaﬁ
%

DATE has the implicit PICTURE 9(6). The sequence of data
elements (from left to right) is: 2 digits for year of century,
2 digits for month of year, 2 digits for day of month. Thus
July 4, 1981 is expressed as 810704.

DAY has the implicit PICTURE 9(5). The sequence of data
elements (from left to right) is: 2 digits for year of century,
3 digits for day of vear. Thus July &, 1981 is expressed as
81186.

TIME has the implicit PICTURE 9(8). The sequence of data
elements (from left to right) is: 2 digits for hour of day, 2
digits for minute of hour, 2 digits for second of minute, 2
digits gor hundredths of second. Thus 2:41 PM is expressed as
14410000.

The Format 1 ACCEPT statement is useful for exceptional
situations in a program when operator intervention (to supply a
given message, code, or exception indicator) is required. The
operator must, of course, be supplied with the appropriate
messages with which to reply.

The Format 2 ACCEPT statement allows the programmer access to
the current date (in two formats) and time of day, as carried by
the system. This can be useful in identifying when a particular
run of an obhject program was executed. It can also be used to
supply the date in headings, footings, and so forth.

I IBM Extension 1

An example of this use of the Format 2 ACCEPT statement is in AN
the Report Writer sample program. '

t End of IBM Extension !

The DISPLAY statement transfers low-volume data to an
input/output device.

Format

DISPLAY <
literal-2

r identifier-1 ] { identifier-2
L literal-1 L

| DS, |

[

mnemonic-name

function-name

N ]
[UPON T T 1

| |

L 4

The DISPLAY statement causés the contehts of each operand to be
transferred, in the order, left to right, in which the operands
are listed, to the input/output device.

Numeric identifiers not described as external decimal are
converted automatically to external format, as follows:

U Binary items are converted to external decimal. Negative
signed values cause a low-order sign overpunch. ‘;;;
! \
N -
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I IBM Extension -

. Internal Decimal Items are converted to external decimal.
Negative signed values cause a low-order sign overpunch.

1 End of IBM Extension !

. No other identifiers require conversion.

For example, if three binary items have values of -34, +34%, and
34, they are displaved as 3M, 34, and 3%, respectively.

Each numeric literal must be an unsigned integer.

I IBM Extension =3

However, this IBM implementation allows signed noninteger
numeric literals.

L End of IBM Extension !

Each literal may be any figurative constant except ALL literal.
When a figurative constant is specified, only a single
occurrence of that figurative constant is displaved.

When the UPON option is omitted, the system logical output
device is assumed.

When the UPON option is specified, mnemonic-name must be
associated in the SPECIAL-NAMES paragraph with an input/output
device—the system logical output device, the system punch
device, or the console typewriter. A maximum logical record
size is assumed for each device, as follows:

System logical output device 120 characters
System logical punch device 72 characters!
Console typeuwriter 100 characters

1Characters 73 through 80 are used for PROGRAM-ID name.

When the DISPLAY statement is executed, the data contained in
the sending field is transferred to the input/output device.
The size of the sending field is the total character count of
all listed operands.

If the total character count is less than the device maximum
character count, the remaining rightmost characters are padded
with spaces.

If the total character count exceeds the maximum, as many
records are written as are needed to display all operands. Any
operand being printed when the end of a record is reached is
continued in the next record.

I IBM Extension 1

When the UPON option is specified, this IBM implementation
allows a valid function—-name to be specified in place of
mnemonic-name. The list of valid function-names is in the
System Dependencies chapter.

L End of IBM Extension ' d

Note: DISPLAY, WRITE AFTER ADVANCING, and a simple WRITE
statement all cause the printer to space before printing. A
WRITE BEFORE ADVANCING statement, however, causes the printer to
space after printing. Thus, specifying the WRITE BEFORE
ADVANCING statement and any other of these statements for the
same device may cause overprinting.
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Programming Notes

162

The DISPLAY statement is useful for identifving data records
that have caused a SIZE ERROR, INVALID KEY, or ON OVERFLOW
condition, as well as those which caused a status key return
other than 0. Such records can be printed, with an identifying
message on some other medium than that used for valid output.
Thus all records for one execution that need special handling
are separately printed.

IBM. VS COBOL for 0S/VS
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ARITHMETIC STATEMENTS

COMMON OPTIONS

CORRESPONDING Option

The arithmetic statements are used for computations. Individual
operations are specified by the ADD, SUBTRACT, MULTIPLY, and
DIVIDE statements. These operations can be combined
symbolically in a formula, using the COMPUTE statement.

There are several options common to the arithmetic statements;
their description precedes the descriptions of the individual
statements.

The CORRESPONDING option is valid in the ADD, SUBTRACT, and MOVE
statements. The key word CORRESPONDING is equivalent to its
abbreviation, CORR.

The CORRESPONDING option allows operations to be performed on
elementary items of the same name simply by specifying the group
items to which they belong.

Both identifiers following the key word CORRESPONDING must name
group items. In this discussion these identifiers are referred
to as dl and d2.

A pair of data items, one from dl and one from d2, correspond if
the following conditions are true=

. In an ADD or SUBTRACT statement, both of the subordinate
items are elementary.

U In a MOVE statement, at least one of the subordinate items
is elementary.

] The two subordinate items have the same name and the same
qualifiers up to but not including dl and d2.

L The subordinate items are not identified by the key word
FILLER. ‘

. The subordinate items do not include a REDEFINES, RENAMES,
OCCURS, or USAGE IS INDEX clause in their descriptions; if
such a subordinate item is a group, the items subordinate to
it are also ignored.

However, dl and d2 themselves may contain or be subordinate
to items containing a REDEFINES or OCCURS clause in their
descriptions.

For example, if two data hierarchies are defined as follows:

05 ITEM-1 OCCURS 6 INDEXED BY X.

10 ITEM-B ...

10 ITEM-C REDEFINES ITEM-B ...
05 ITEM-2

10 ITEM-A ...

10 ITEM-B ..

10 ITEM-C ..

Then, if ADD CORR ITEM-2 T0 ITEM-1(X) is specified, ITEM-A
and ITEM-A(X) and ITEM-B and ITEM-B(X) are considered to be
corresponding and are added together; ITEM-C and ITEM-C(X)
are not included because ITEM-C(X) includes a REDEFINES
clause in its data description. Note that ITEM-1 is valid
as either dil or d2.
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GIVING Option

ROUNDED Option

SIZE ERROR Option

. Neither dl nor d2 is described as a level 66, 77, or 88
item, nor is either item described as a FILLER or USAGE IS T

INDEX item. @&M‘
)’7/

I IBM Extension 1

. However, dl and/or d2 may be subordinate to a FILLER item.

t - End of IBM Extension !

If the GIVING option is specified, the value of the identifier
that follows the word GIVING is set equal to the calculated
result of the arithmetic operation. Because this identifier is
not involved in the computation, it may be a numeric edited
item.

After decimal point alignment, the number of places in the
fraction of the result of an arithmetic operation is compared
with the number of places provided for the fraction of the
resultant identifier.

Unless ROUNDED is specified, truncation occurs when the size of
the fractional result exceeds the number of places provided for
its storage. MWhen ROUNDED is specified, the least significant
digit of the resultant identifier has its value increased by 1
whenever the most significant digit of the excess is greater
than or equal to 5.

When the resultant identifier is described by a PICTURE clause
containing rightmost Ps and when the number of places in the e
calculated result exceeds the number of specified integer N
positions, rounding or truncation occurs relative to the Wb
rightmost integer position for which storage is allocated.

r IBM Extension 1

If the resultant field is floating point, the ROUNDED option has
no meaning. However, if at least one of the operands of an
arithmetic operation is floating-point data and the resultant
field is fixed-point data, rounding always takes place, whether
or not ROUNDED is specified.

L End of IBM Extension I

After decimal point alignment, if the value of a result exceeds

the largest value that can be contained in the resultant field,

a size error condition exists. Division by zero always causes a
size error condition.

In the ADD, SUBTRACT, and COMPUTE statements, the size error
condition applies only to final results. In the MULTIPLY and
DIVIDE statements, the size error condition applies both to
final results and intermediate results.

If the ROUNDED option is specified, rounding takes place before
size error checking.

When a size error occurs, the subsequent action of the program
depends on whether or not the SIZE ERROR option is specified.

If the SIZE ERROR option is not specified, and a size error
condition occurs, the value of the affected resultant identifier ‘
is unpredictable. During execution of this operation, values ﬂ:\f
for resultant identifiers for which no size error occurred are %Jw
not affected by those for which one did occur.
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If the SIZE ERROR option is specified and a size error condition
occurs, the value of the resultant identifier affected by the
) size error is not altered—that is, the error results are not
placed in the receiving identifier. After completion of the
execution of: the arithmetic operation, the imperative statement
in the SIZE ERROR option is executed.

For ADD CORRESPONDING and SUBTRACT CORRESPONDING statements, if
an individual arithmetic operation causes a size error
condition, the SIZE ERROR imperative-statement is not executed
until all of the individual additions or subtractions have been
completed.

ARITHMETIC STATEMENT OPERANDS

The data description of operands in an arithmetic statement need
not be the same. Throughout the calculation, the compiler
supplies any necessary data conversion and decimal point
alignment.

Size of Operands

The maximum size of each operand is 18 decimal digits. The
composite of operands (a hypothetical data item resulting from
the superimposition of the operands aligned by decimal point)
must not contain more than 18 decimal digits.

For the ADD and SUBTRACT statements, the composite of operands
is determined by superimposing all operands in a given statement
(except those following the word GIVING).

For the MULTIPLY statement, the composite of operands is
determined by superimposing all receiving data items.

' For the DIVIDE statement, the composite of operands is
; determined by superimposing all receiving data items, except the
REMAINDER data item.

For the COMPUTE statement, the restriction on composite of
operands does not apply.

For example, if the statement ADD A B TO C is executed, and each
item is defined as follows in the Data Division:

A PICTURE 9(7)V9(5).
B PICTURE 9(11)V99.
C PICTURE 9(12)V9(3).

then the composite of operands for this statement consists of 17
decimal digits; it has the following implicit description:

Composite-of-Operands PICTURE 9(12)V9(5).

I IBM Extension 1

However, this IBM implementation allows all operands in an
arithmetic statement to be up to 18 digits in length.

{ End of IBM Extension

Overlapping Operands
When operands in an arithmetic statement share part of their

storage (that is, when the operands overlap), the result of the
execution of such a statement is unpredictable.

C
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Multiple Results

When an arithmetic statement has multiple results, execution N/\\
conceptually proceeds as follows: «%JW

. The statement performs all arithmetic operations to find the
result to be placed in the receiving items, and stores that
result in a temporary location.

. A sequence of statements transfers or combines the value of
this temporary result with each single receiving field. The
statements are considered to be written in the same
left-to-right order that the multiple results are listed.

For example, executing the following statement:

ADD A, B, C, TO C, D (C), E.

is equivalent to executing the following series of statements:

ADD A, B, C GIVING TEMP.

ADD TEMP TO C.

ADD TEMP T0 D(C).

ADD TEMP TO E.

where TEMP is a compiler-supplied temporary result field. Note

that, when the addition operation for D(C) is performed, the

subscript C contains the new value of C.

Programming Notes

In all arithmetic statements, it is the user's responsibility to

define data with enough digits and decimal places to ensure the

desired accuracy in the final result. (See Appendix D on -
Intermediate Results.)

}\

- /

ADD STATEMENT

The ADD statement causes two or more numeric operands to be
summed and the result to be stored.

In Formats 1 and 2, each identifier, except those following the
key word GIVING, must name an elementary numeric item.

In Format 2, each identifier following the key word GIVING must
name an elementary numeric or numeric edited item.

In Format 3, each identifier must name a group item.
Each literal must be a numeric literal.

In Format 1, all identifiers or literals preceding the key word
T0 are added together, and this sum is added to and stored
immediately in identifier-m, and then, if specified, added to
and stored immediately in identifier-n, and so forth.

In Format 2, there must be at least two operands preceding the
key word GIVING. The values of these operands are added

- together, and the sum is stored as the new value of
identifier-m, and (if specified) identifier-n, and so forth.

In Format 3, elementary data items within identifier-1 are added
to and stored in the corresponding elementary items within
identifier-2. (See the preced!ng description of the
CORRESPONDING Option.)
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SUBTRACT STATEMENT

Format 1

o A

identifier-1 1 r identifier-2 1
|
4

ADD < .
literal-1 L literal-2 J
J0 identifier-m [ROUNDED]
[identifier-n [ROUNDED] 1 ...
[ON SIZE ERROR imperative-statement]
Format 2
[ identifier-1 ] [ identifier-2 ] [ identifier-3 ]
ADD < > < > < >
| literal-1 J | literal-2 | | literal-3 |
L L i L J
GIVING identifier-m [ROUNDED]
[identifier-n [ROUNDED] 1 ...
[ON SIZE ERROR imperative-statement]
Format 3
DD

[ corresponDING |
< >
| COR |
L 4

(2

identifier-1 Y0 identifier-2 [ROUNDED]
[ON SIZE ERROR imperative-statement]

For the ROUNDED and SIZE ERROR options, and for operand
considerations, see the preceding section on Common Options.

If the composite of operands is 18 digits or less, the compiler
ensures that enough places are carried so that no significant
digits are lost during execution.

The SUBTRACT statement causes one, or the sum of two or more
numeric items to be subtracted from one or more numeric items,
and the result to be stored.

In Formats 1 and 2, each identifier, except those following the
key word GIVING, must name an elementary numeric item.

In Format 2, each identifier following the key word GIVING must
name a numeric elementary or numeric edited elementary item.

In Format 3, each identifier must name a group item.
Each literal must be a numeric literal.

In Format 1, all identifiers or literals preceding the key word
FROM are added together and this sum is subtracted from and
stored immediately in identifier-m, and then, if specified,
subtracted from and stored immediately in identifier-n, and so
forth.

In Format 2, all identifiers or literals preceding the key word
FROM are added together and this sum is subtracted from
identifier-m or literal-m. The result of the subtraction is
stored as the new value of identifier-n, and, if specified,
identifier-o, and so forth.
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MULTIPLY STATEMENT

In Format 3, elementary data items within identifier-1 are
subtracted from and stored in the corresponding elementary data "
items within identifier-2. (See the preceding description of the ﬁ
CORRESPONDING option.)

v

#

Format 1

identifier-1

literal-1

] [ identifier-2
T | ces
4

SUBTRACT <
] [ literal-2 ]
L 3

FROM identifier-m [ROUNDED]
[identifier-n [ROUNDED] ]

[ON SIZE ERROR imperative-statement]
Format 2

r identifier-1 ] [ identifier-2
SUBTRACT {
L

>
literial-1 J literal-2 }

identifier-m ]

literal-m

A — pe— A

e

GIVING identifier-n [ROUNDED]
[identifier-o [ROUNDED] J ...

[ON SIZE ERROR imperative-statement]
Format 3

>

[ CORRESPONDING ]
SUBTRACT <
L CORR J

identifier-1 FROM identifier-2 [ROUNDED]

[ON SIZE ERROR imperative-statement]

For the ROUNDED and SIZE ERROR options, and for operand
considerations, see the preceding section on Common Options.

If the composite of operands is 18 digits or less, the compiler

ensures that enough places are carried so that no significant
digits are lost during execution.

The MULTIPLY statement causes numeric jtems to be multiplied and
sets the values of data items equal to the results.

Each identifier, except those following the key word GIVING,
must name an elementary numeric item.

Each identifier following the key word GIVING must name an
elementary numeric or numeric edited item.

Each literal must be a numeric literal.

‘In Format 1, the value of identifier;l or literal-1 is

multiplied by the value of identifier-2; the product is then \
placed in identifier-2. If identifier-3 is specified, the value

of identifier-1 or literal-1 is multiplied by the value of
identifier-2; the product is then placed in identifier-3, etc.
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DIVIDE STATEMENT

Format 1

r identifier-1 ]
MULTIPLY <

> BY identifier-2 [ROUNDED]
L literal-1 }

[identifier-3 [ROUNDED] 1 ...
[ON SIZE ERROR imperative-statement]

In Format 2, the value of identifier-1 or literal-1 is
multiplied by the value of identifier-2 or literal-2; the
product is then stored in identifier-3, and, if specified,
identifier-4, etc.

Format 2

MULTIPLY

[ identifier-1 ] [ identifier-2 ]
< BY < >
| literal-1 | literal-2 |
L L 4

[—y

GIVING identifier—-3 [ROUNDED]
[identifier—-4 [ROUNDED] 1 ...

[ON SIZE ERROR imperative-statement]

For the ROUNDED and SIZE ERROR options, and for operand
considerations, see the preceding section on Common Options.

The DIVIDE statement divides one numeric data item into others
and sets the values of data items equal to the quotient and
remainder.

Identifier-1 and identifier-2 must name an elementary numeric
item.

Identifier-3 and identifier-4, following the key words GIVING
and REMAINDER, must name an elementary numeric or numeric edited
item.

Each literal must be a numeric literal.

In Format 1, the value of literal-1 or identifier-1l is divided
into the value of identifier-2; the quotient then is placed in
identifier-2. If identifier-3 is specified, the value of
literal-1 or identifier-1 is divided into identifier-3; the
quotient is then placed in identifier-3, etc.

Format 1

identifier-1

DIVIDE <«
L literal-1

e \/ eed

INTO identifier-2 [ROUNDED]
[identifier-3 [ROUNDED] 1 ...

[ON SIZE ERROR imperative-statement]
In Format 2, the value of identifier—-1 or literal-1l is divided
into/by the value of identifier-2 or literal-2. The value of

the quotient is stored in identifier-3, and (if specified)
identifier-4, etc.
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Format 2

NTO
DIVIDE

- l

literal-2

[ identifier-1 1
|
J

<
L literal-1

r—A——
{gal

Lo \f

™)
r identifier-2 ] L
< > n
] ]

GIVING identifier-3 [ROUNDED]
[identifier-4 [ROUNDED] 1 ...

[ON SIZE ERROR imperative-statement]

In Format 3, the value of identifier-1l or literal-l1l is divided
into/by identifier~2 or literal-2. The value of the quotient is
stored in identifier-3, and the value of the remainder is stored
in identifier-4. .

Format 3
[ identifier-1 ] [ INTO ] [ identifier-2 ]
DIVIDE < > < > < >
| literal-1 | | BY | | literal-2 |
L 4 L 3 L J

GIVING identifier-3 [ROUNDED]
[REMAINDER identifier-4]

[ON SIZE ERRQOR imperative-statement]

The remainder is defined as the result of subtracting the
product of the quotient and the divisor from the dividend. If
identifier-3, the quotient, is a numeric edited field, the
quotient used to calculate the remainder is an intermediate
field which contains the unedited quotient.

For the ROUNDED and SIZE ERROR options, and for operand 1KMJV
considerations, see the preceding section on Common Options.

For Format 3, the following additional considerations for the
ROUNDED and SIZE ERROR options apply:

. When ROUNDED is specified, the quotient used to calculate
the remainder is an intermediate field which contains the
quotient truncated rather than rounded.

. When ON SIZE ERROR is specified, and the size error
condition occurs on the quotient, no remainder calculation
is meaningful. Therefore the contents of the quotient field
(identifier-3) and the remainder field (identifier-4) are
unchanged. ‘

. When ON SIZE ERROR is specified, and the size error occurs
on the remainder, the contents of the remainder field
(identifier-%) are unchanged. :

Note: 1In both of the last two preceding cases, the user must
analyze the results to determine which situation has actually
occurred.

IBM VS COBOL for 0S/VS



COMPUTE STATEMENT

i The COMPUTE statement assigns to one or more data items the
4 value of an arithmetic expression.

Format

COMPUTE identifier-1 [ROUNDED]
[identifier-2 [ROUNDED] J ...
= arithmetic-expression
[ON SIZE ERROR imperative-statement]

The COMPUTE statement allows the user to combine arithmetic
operations without the restrictions on receiving data items
imposed by the rules for the ADD, SUBTRACT, MULTIPLY, and DIVIDE
statements.

The identifiers that appear to the left of the equal siogn (=)
must name either elementary numeric items or elementary numeric
edited items.

When the COMPUTE statement is executed, the value of the

arithmetic-expression is calculated, and this value is then
:tored as the new value of identifier-1, identifier-2, etc. in
urn.

The arithmetic-expression may be any arithmetic-expression as
defined in the chapter on Arithmetic Expressions.

An arithmetic-expression consisting of a single identifier or
literal allows the user to set identifier-1, etc. equal to the
value of that identifier or literal.

For the ROUNDED and SIZE ERROR options, and for operand
considerations, see the preceding section on Common Options.

(_)’ Programming Notes

When arithmetic operations must be combined, the COMPUTE
statement is more efficient than the separate arithmetic
statements written in series.

Note: Nhén computing a value with a fractional exponent, the
floating-point feature is used, and rounding will occur.
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DATA MANIPULATION STATEMENTS

OVERLAPPING OPERANDS

MOVE STATEMENT

Movement and inspection of data are the functions of the
5§é%§?;gg COBOL statements: MOVE, INSPECT, STRING, and

— IBM Extension 1
The TRANSFORM statement is also a data manipulation statement.
L ' End of IBM Extension !

When the sending and receiving fields of a data manipulation
statement share a part of their storage (that is, when the
operands overlap), the result of the execution of such a
statement is unpredictable.

The MOVE statement transfers data from one area of storage to
one or more other areas.

Format 1

[ identifier-1 ]
| 1
4

MOVE JO identifier-2 [identifier-31 1 ...
l literal

Format 2
[ CORRESPONDING ]

MOVE < > identifier-1 I0 identifier-2
L CORR } .

Identifier-1 and literal are the sending areas. Identifier-2,
identifier-3, etc. are the receiving areas.

When Format 1 is specified, all identifiers may be either group
or elementary items. The data in the sending area is moved into
the first receiving area (identifier-2), then into the second
receiving area (identifier-3), etc. See the following
descriptions of Elementary and Group Moves.

When Format 2 is specified, both identifiers must be group
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items. CORR is an abbreviation for, and equivalent to,
CORRESPONDING. When CORRESPONDING is specified, selected items
in identifier-1 are moved to identifier-2 according to the rules
for the CORRESPONDING Option in the chapter on Arithmetic
Statements. The results are the same as if each pair of
CORRESPONDING 1dentlf1ers had been referred to in a separate
MOVE statement.

An index data item cannot be specified in a MOVE statement.

Any subscripting or indexing associated with the sending item is
evaluted only once: immediately before the data is moved to the

first receiving field.

Any subscripting or indexing associated with the receiving items

is evaluated immediately before the data is moved into the
receiving item.
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Elementary Moves

For example, the result of the statement:
MOVE A (B) TO B, C(B).

is equivalent to

MOVE A (B) TO TEMP.

MOVE TEMP TO B.

MOVE TEMP TO C(B).

where TEMP has been defined as an intermediate result item.
Note that the subscript B has changed in value between the time

‘the first move took place, and the final move to C (B) is

executed.

After execution of a MOVE statement, the sending field(s)
contains the same data as before execution.

An elementary move is one in which both the sending and
receiving items are elementary items. Each elementary item
belongs to one of the following categories:

. Numeric—includes numeric data items, numeric literals, and
the figurative constant ZERO/ZER0OS/ZEROES.

] Alphabetic—includes alphabetic data items and the
figurative constant SPACE/SPACES.

. Alphanumeric—includes alphanumeric data items, nonnumeric
literals, and all figurative constants except ZERO and
SPACE.

. @%ghanumeric.Edited——includes alphanumeric edited data
items.

. Numeric Edited—includes numeric edited data items.

Figure 49 shows valid and invalid elementary moves for each
category. Valid elementary moves are executed according to the
following rules: )

. Any necessary conversion of data from one form of internal
representation to another takes place during the move, along
with any specified editing in the receiving item.

. For an alphanumeric or alphanumeric edited receiving item:

- Alignment and any necessary space filling take place as
described in Standard Alignment Rules.

- If the size of the sending item is greater than that of
the receiving item, excess characters at the right are
truncated after the receiving item is filled.

- If the sending item has an operational sign, the
absolute value is used. If the operational sign
occupies a separate character, that character is not
moved, and the size of the sending item is considered to
be one less than its actual size.
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Receiving Item Category =
Sending
Item Alphabetic Alphanumeric Alphanumeric Numeric Numeric Numeric
Category Edited Integer Noninteger Edited
Alphabetic YES YES YES NO NO NO
and SPACE -
Alphanumeric YES YES YES YES YES YES
and
Fig. Cons. (1) ©)] A3) | 3)
Alphanumeric YES YES YES NO NO NO
Edited
Numeric NO YES : YES YES : YES YES
Integer (2)
and ZERO
Numeric NO NO NO YES YES YES
Noninteger (2) :
Numeric NO YES YES NO NO NO
Edited
(1)—Includes nonnumeric literals and all Figurative Constants but SPACE and ZERO.
(2)-Includes numeric literals
(3)—Nonnumeric literals must consist only of numeric characters and will be treated as a numeric integer field
YES = move is valid
NO = move is invalid

Figure 49. Valid and Invalid Elementary Moves v AT
A e

. For a numeric or numeric edited receiving item:

- Alignment by decimal point and any necessary 0 filling
take place as described in Standard Alignment Rules in
the Data Descriptions chapter, except where 0's are
replaced due to editing requirements.

- I1f the receiving item is signed, the sign of the sending
item is placed in the receiving item, with any necessary
sign conversion. If the sending item is unsigned, a
?:sitive operational sign is generated for the receiving
item.

- If the receiving item is unsigned, the absolute value of
the sending item is moved, and no operational sign is
generated for the receiving item.

- When the sending item is alphanumeric, the data is moved
§5tif the sending item were described as an unsigned
integer.

Note: If the receiving field is alphanumeric or numeric edited,
and the sending field is a scaled integer (that is, has a P as
the rightmost character in its PICTURE character-string), the
scaling positions are treated as trailing 0's when the MOVE
statement is executed. The rules for scaled integers as
previously implemented are given in Appendix A.

. For an alphabetic receiving field:

— Alignment and any necessary space filling take place as f ™
described in "Standard Alignment Rules", under "Data

Description."
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- If the size of the sending item is greater than that of
the receiving item, excess characters at the right are

@ truncated after the receiving item is filled.

Group Moves

A group move is one in which one or both of the sending and
receiving fields is a group item. A group move is treated
exactly as though it were an alphanumeric elementary move,
except that there is no conversion of data from one form of
internal representation to another. In a group move, the
receiving area is filled without consideration for the
individual elementary items contained within either the sending
area or the receiving area. However, see the O0CCURS clause
description in the Table Handling chapter.

INSPECT STATEMENT

The INSPECT statement specifies that characters in a data item
are to be counted, replaced, or counted and replaced.

Format _ "
o | “ yNE
) ‘ é%ﬁwa '56?
o
INSPECT identifier-1 !
r .
[TALLYING i identifier-2
[ ALL ] [ identifier-3 ] 1
[ < > < >
FOR < < | LEADING | | literal-1 | >
\ 1 L4 v d
/ L CHARACTERS }
BEFORE | | identifier-6 | ] 1
[ < > INITIAL < > 71 >...>,..1]
AFTER | | literal-2 | j 4
i | L |
[REPLACING
[ identifier-6 ] W
CHARACTERS BY < >
| literal-4 |
L 4
[ BEFORE ] [ identifier-7 ]
< > INITIAL < ; > ]
| AFTER | | literal-5 |
L 4 L J
< > ]
r [ ALL ] r [ identifier-5 ] I identifier-6 ]
< < LEADING > < < > BY < >
L | FIRST | v L literal-3 J L literal-4% |
L d J
[ BEFORE ] [ identifier~7‘]' 1 1
< > INITIAL < >3 >...0. ..
| AFTER | | literal-5 J 4
L L 4 L J
" Either the TALLYING or the REPLACING option must be specified.
Both may be specified; when both are specified, all tallying is
performed before any replacement is made.
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Identifier-l is the inspected item; it must be an elementary or
group item with USAGE DISPLAY,

All other identifiers, except identifier-2 (the count field), mjj;
must be elementary alphabetic, alphanumeric, or external decimal il
iteTs. Each is treated according to its data category, as

follows:

. ALPHABETIC OR ALPHANUMERIC ITEM: treated as a
character-string.

J ALPHANUMERIC EDITED, QUMERIC EDITED, OR UNSIGNED NUMERIC
(EXTERNAL DECIMAL) ITEM: +treated as though redefined as
alphanumeric and the INSPECT statement refers to the
alphanumeric item.

U SIGNED NUMERIC (EXTERNAL DECIMAL) ITEM: treated as though
moved to an unsigned external decimal item of the same
length, and then treated as though redefined as alphanumeric
and the INSPECT statement refers to the alphanumeric item.
If the sign is a separate character, the byte containing the
sign is not examined and therefore not replaced.

Each literal must be nonnumeric and may be any figurative
constant except ALL literal.

Except when the BEFORE/AFTER option is specified, inspection
begins at the leftmost character position of the inspected item
(identifier-1) and proceeds character-by-character to the
rightmost.

The operands of the TALLYING option (literal-l1l or identifier-3,

and so forth) and/or REPLACING option (literal-3 or

identifier-5, etc.) are compared in the left-to-right order they

are specified in the INSPECT statement. (In the following

discussion, the TALLYING/REPLACING operands are the comperands.) = _ -

In any one INSPECT statement, no more than 15 comperands may be o
specified. 'ij/

The following comparison rules apply:?

1. When both the TALLYING and REPLACING options are specified,
the INSPECT statement is executed as if an INSPECT TALLYING
statement were specified, immediately followed by an INSPECT
REPLACING statement.

2. The first comperand is compared with an equal number of
leftmost contiguous characters in the inspected item. The
comperand matches the inspected characters only if both are
equal character-for-character.

3. If no match occurs for the first comperand, the comparison
is repeated for each successive comperand until either a
match is found or all comperands have been acted upon.

4. If a match is found, tallying or replacing takes place as
described in the following TALLYING/REPLACING option
descriptions. In the inspected item, the first character
following the rightmost matching character is now considered
the leftmost character position. The process described in 2
and 3 (above) is then repeated. ‘

5. If no match is found, then in the inspected item the first
character following the leftmost inspected character is now
considered the leftmost character position. The process
described in 2 and 3 (above) is then repeated.

6. If the CHARACTERS option is specified, an implied
one-character comperand is used in the process described in
2 and 3 (above). The implied character is considered always
to match the inspected character in the inspected item. (~*M\

7.> The actions taken in steps 1 through 6—defined as the g
comparison cycle—are repeated until the rightmost character
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in the inspected item has either been matched or has been

considered as the leftmost character position.
then terminates.

When the BEFORE/AFTER option is specified,

Inspection

the preceding rules

are modified as described in the following BEFORE/AFTER option

description.

Figure 50

illustrates INSPECT statement comparisons.

INSPECT ID—1 TALLYING ID—2 FOR ALL ™xx

REPLACING ALL "xx" BY ZEROS.

ID-1 before
execution

Execution for

TALLYING option:

1st
comparison

2nd
comparison

3rd
comparison

4th
comparison

Execution for

REPLACING option:

5th
comparison

6th.
comparison

7th
comparison

8th
comparison

At the end of i

ID-1
contains:

Figure 50. INSPECT Statement Execution Results

* * * 0 * * ID-2 before 0
execution
(initialized by
programmer)
TALLYING ID-2
comperand: contains:
* * * % (true) 1
* 0 * * (false) 1
0 * % * (false) 1
* %* * * (true) 2
ID-1 changed
* ] % * | ¥ (true) to: —
0 0 * 0 * %
| |
ID-1
%* 0 * * (false) unchanged
ID-1
0 * * %* (false) unchanged
- ID-1 changed
* 1 % *¥ 1 % (true) to: ——
0 0 * 10 0 0
inspection:
ID-2
0 0 * 0 0 0 contains: 2
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TALLYING Option

REPLACING Option v A

178

. ."\
Identifier-2 is the count field and must be an elementary ,{ )
integer item defined without the symbol P in its PICTURE :
character-string. It is the programmer's responsibility to

initi:léze identifier-2 before the INSPECT statement is

executed.

Identifier-3 or literal-l is the tallving field. If the
tallying field is a figurative constant, it is considered to be
a one-character nonnumeric literal.

When the BEFORE/AFTER option is not specified, the following
actionsdtake prlace when the INSPECT TALLYING statement is
executed:

. If ALL is specified, the count field is increased by 1 for
each nonoverlapping occurrence in the inspected item of this
tallying field, beginning at the leftmost character position
and continuing to the rightmost. ‘

. If LEADING is specified, the count field is increased by 1
for each contiguous nonoverlapping occurrence of this
tallying field in the inspected item, provided that the
leftmost such occurrence is at the point at which comparison
began in the first comparison cycle for which this tallving
field is ellgrble to participate.

. If CHARACTEWS is specified, the count field is increased by
1 for each character (including the space character) in the
inspected item. Thus, execution of the INSPECT TALLYING
statement increases the value in the count field by the
number of characters in the inspected item.

Identifier-5 or literal-3 is the subject field. Y
Identifier-6 or literal-4 is the substitution field.

The subject field and the substitution field must be the same
length. The following replacement rules apply:

. If the subject field is a figurative constant, it is
considered to be a one-character nonnumeric literal. Each
character in the inspected item equivalent to the figurative
constant is replaced by the single-character substitution
field, which must be one character in length.

. If the substitution field is a figurative constant, the
substitution field is considered to be the same length as
the subject field. Each nonoverlapping occurrence of the
subject field in the inspected item is replaced by the
substitution field.

. When the subject and substitution fields are
character-strings, each nonoverlapping occurrence of the
subject field in the inspected item is replaced by the
character-string specified in the substitution field.

L After replacement has occurred in a given character position
in the inspected item, no further replacement for that
character position is made in this execution of the INSPECT
statement.

. When the BEFOREZAFTER option is not specified, the following
actiozsdtake place when the INSPECT REPLACING statement is
executed:

. If CHARACTERS is specified, the substitution field must be
l-character in length. Each character in the inspected
field is replaced by the substitution field, beginning at
the leftmost character and continuing to the rightmost.

PN
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. If ALL is specified, each nonoverlapping occurrence of the
subject field in the inspected item is replaced by the
substitution field, beginning at the leftmost character and
continuing to the rightmost.

. If LEADING is specified, each contiguous nonoverlapping
occurrence of the subject field in the inspected item is
replaced by the substitution field, (provided that the
leftmost such occurrence is at the point where comparison
began in the first comparison cycle for which this
substitution field is eligible to participate).

. If FIRST is specified, the leftmost occurrence of the
subject field in the inspected item is replaced by the
substitution field.

BEFORE/AFTER Options

When these options are specified, the preceding rules for
counting and replacing are modified.

Identifier-4, identifier-7, literal-2, and literal-5 are
delimiters. Counting and/or replacement of the inspected item
is bounded by their presence; however, the delimiters themselves
are not counted or replaced.

In the TALLYING option, if the delimiter (literal-2) is a
figurative constant, it is considered to be 1 character in
length.

In the REPLACING option, if the CHARACTERS phrase is specified,
the delimiter (literal-5 or identifier-7) must be 1 character in
length.

When BEFORE is specified, counting and/or replacement of the
inspected item begins at the leftmost character and continues
until the first occurrence of the delimiter is encountered. If
no delimiter is present in the inspected item, counting and/or
replacement continues to the rightmost character.

When AFTER is specified, counting and/or replacement of the
inspected item begins with the first character to the right of
the delimiter and continues to the rightmost character in the
inspected item. If no delimiter is present in the inspected
item, no counting or replacement takes place.

INSPECT Statement Examples
The following examples illustrate some uses of the INSPECT
statement. Note that in all instances the programmer has
initialized the COUNTR field to 0 before the INSPECT statement
is executed.

INSPECT ID-1 REPLACING CHARACTERS BY ZEROD.

ID-1 Before COUNTR After ID-1 After
1236567 0 0000000
HIJKLMN 0 0000000

INSPECT ID-1 TALLYING COUNTR FOR CHARACTERS
REPLACING CHARACTERS BY SPACES.

ID-1 Before COUNTR After ID-1 After
1234567 7
HIJKLMN 7

INSPECT ID-1 REPLACING CHARACTERS BY ZEROS
BEFORE INITIAL QUOTE.
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ID-1 Before COUNTR After ID~1 After

456"ABEL 0 000™ABEL , @i:ﬁ
ANDES™12 0 ; ~ 00000™12 )
"TWAS BR 0 , " "TWAS BR

INSPECT ID-1 TALLYING COUNTR FOR CHARACTERS
AFTER INITIAL "s©
REPLACING ALL ™A™ BY "O".

ID-1 Before COUNTR After ID-1 After
ANSELM 3 ONSELM
SACKET 5 SOCKET
PASSED 3 POSSED

INSPECT ID-1 TALLYING COUNTR FOR LEADING "O"
REPLACING FIRST "A™ BY "™2"
AFTER INITIAL "“C»,

ID-1 Before COUNTR After ID-1 After
00ACADEMYO0O 2 00AC2DEMYO0O
0000ALABAMA % 0000ALABAMA
CHATHAMOODO 0 CH2THAMOOOO
Programming Notes
The INSPECT statement is useful for filling portions or all of a o~
data item with spaces or 0's. It is also useful for counting f

™
the number of times a specific character (zero, space, asterisk, r
and so forth) occurs in a data item. In addition, it can be
useghto translate characters from one collating sequence to
another. :
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STRING STATEMENT

The STRING statement gives the programmer the ability to put
together the partial or complete contents of two or more data
items in one single data item.

Format
[ identifier-1 ] identifier-2 ]
STRING < > .o
L literal-1 } L literal-2

[ identifier-3
DELIMITED BY < literal-3
~ L SIZE

[E P

[ identifier-4 ] [ identifier-5

< >

| literal-4 | | literal-5 }
L it

DELIMITED BY < literal-6 ) N

[ identifier-6 ]
>
| SIZE |
L J

INTO identifier-7
{WITH POINTER identifier-8]
[ON OVERFLOW imperative-statement]

Each literal must be a nonnumeric literal; each may be any

figurative constant except the ALL literal. When a figurative

iggsta?t is specified, it is considered a l-character nonnumeric
iteral.

All identifiers, except identifier-8 (the POINTER item), must
have USAGE DISPLAY, explicitly or implicitly.

The sending fields are identifier-1l, identifier-2, identifier-%,
identifier-5, or their corresponding literals.

The receiving field is identifier-7, which must be an elementary
alphanumeric item without editing symbols, and without the
JUSTIFIED clause in its description.

The delimiters are identifier-3, identifier-6, and their
corresponding literals, or the key word SIZE. The delimiters
specify the character(s) delimiting the data to be transferred;
when SIZE is specified, the complete sending area is
transferred.

When the sending field or any of the delimiters are elementary
numeric items, they must be described as integers, and their
PICTURE character-strings must not contain the symbol P.

The pointer field is identifier-8, which must be an elementary
integer data item large enough to contain a value equal to the
length of the receiving area plus 1. The pointer field must not
contain the symbol P in its PICTURE character-string.

STRING Statement Execution

When the STRING statement is executed, data is transferred from
the sending fields to the receiving field. The order in which
sending fields are processed is the order in which they are
specified. The following rules apply:
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. Characters from the sending fields are transferred to the
receiving field according to the rules for alphanumeric to SN
alphanumeric elementary moves, except that no space filling mf
is provided (see the preceding MOVE statement description). L

. When DELIMITED BY identifier/literal is specified, the
contents of each sending item are transferred
character-by-character beginning with the leftmost and
continuing until either:

- A delimiter for this sending field is reached (the
delimiter itself is not transferred), or

- The rightmost character of this sending field has been
transferred.

L When DELIMITED BY SIZE is specified, each entire sending
field is transferred to the receiving field.

. When the receiving field is filled, or when all of the
sending fields have been processed, the operation is ended.

. When the POINTER option is specified, an explicit pointer
field is available to the COBOL user to control placement of
data in the receiving field. The user must set the explicit
pointer's initial value, which must not be less than 1 and
not more than the character count of the receiving field.
(Note that the pointer field must be defined as large enough
to contain a value equal to the length of the receiving
field plus 1; this precludes arithmetic overflow when the
system updates the pointer at the end of the transfer.)

. When the POINTER option is not specified, no pointer is
available to the user. However, a conceptual implicit
pointer with an initial value of 1 is used by the system.

e  Conceptually, when the STRING statement is executed, the £
initial pointer value (explicit or implicit) is the first WMJV
character position within the receiving field into which
data is to be transferred. Beginning at that position, data
is then positioned character-by-character from left to
right. After each character is positioned, the explicit or
implicit pointer is incremented by 1. The value in the
pointer field is changed only in this manner. At the end of
processing, the pointer value always indicates one character
Egyggd the last character transferred into the receiving

ield.

. If, at any time during or after initiation of STRING
statement execution, the pointer value (explicit or
implicit) is less than 1 or exceeds a value equal to the
length of the receiving field, no more data is transferred
into the receiving field, and, if specified, the ON OVERFLOW
imperative-statement is executed.

. I¥f the ON OVERFLOW option is not specified, then, when the
preceding conditions occur, control passes to the next
executable statement.

After STRING statement execution is completed, only that part of
the receiving field into which data was transferred is changed.
The rest of the receiving field contains the data that was
present before this execution of the STRING statement.

Figure 51 illustrates the rules of execution for the STRING
statement. !
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When the following STRING statement is

STRING ID-1 ID-2 DELIMITED BY ID-3
ID-4 ID-5 DELIMITED BY SIZE
INTO ID-7 WITH POINTER ID-8.

The following results are obtained:

ID-4 at execution

ID-1 at execution

executed:

ID-2 at execution

7o 5+ 1q]

1]2]3[*]us]s]

al*|efc]

Third groﬁp of
characters moved

{
First group of
characters moved

ID-3
(delimiter)
at execution Y

]
Second group of
characters moved

ID-5 at execution

p|e[*|Fl|c

Fourth éroup of
characters moved

}

[*]

1|2]3

Y
Aj6l7|8i9|*|0

pje|*]r|e

T[e [z 727

ID-7 after execution

ID-8
(pointer)
after execution

K

(initialized to 01 before execution)

Figure 51.

STRING Statement Execution Results

(initialized to ALL Z before execution)

STRING Statement Example

The following illustrates

to the STRING statement.

In the Data Division, the

fields:

77 RPT-LINE PICTURE X(120>.

77 LINE-POS PICTURE 99.

77 LINE-NO PICTURE 9(5) VALUE 1
77 DEC-POINT PICTURE X VALUE ".".

Data Manipulation Statements

some of the considerations that apply

programmer has defined the following
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In the File Section, the following input record is defined:

01 RCD-01. ,
05 CUST-INFO.

10 CUST-NAME PICTURE X(15).

10 CUST-ADDR PICTURE X(35).
05 BILL-INFO.

10 INV-NO PICTURE X(6).
10 INV-AMT PICTURE $$,$$$.99.
10 AMT~PAID PICTURE $$,$$%.99.
10 DATE-PAID PICTURE X(3).
10 BAL-DUE PICTURE $$,$$$.99.
10 DATE-DUE PICTURE X(38).

The programmer wants to construct an output line consisting of
portions of the information from RCD-01. The line is to consist
of a line number, customer name and address, invoice number,
next billing date, and balance due, truncated to the dollar
figure shoun. ‘

The record as read in contains the following information:

J.B.bSMITHbbbbb

444bSPRINGbST. ,bCHICAGO,bILL.bbbbbb
Al4275

$4,736.85

$2,400.00

09722776

$2,336.85

10/22/76

In the Procedure Division, the programmer initializes RPT-LINE
to SPACES, and sets LINE-POS (which is to be used as the POINTER
field) to 4. This STRING statement is then issued:

STRING LINE-NO SPACE CUST-INFO INV-NO SPACE DATE-DUE
SPACE DELIMITED BY SIZE
BAL-DUE DELIMITED BY DEC-POINT
INTO RPT-LINE WITH POINTER LINE-POS.

When the statement is executed, the following actions take

place:
. The field LINE-NO is moved into positions & through 8 of
RPT-LINE.

L A space is moved into position 9.

. gge group item CUST-INFO is moved into positions 10 through

. INV-NO is moved into posifions 60 through 65.

. A space is moved into position 66.

. DATE-DUE is moved into positions 67 through 74.
. A space is moved into position 75.

. The portion of BAL-DUE that precedes the decimal point is
moved into positions 76 through 81.

At the end of execution of the STRING statement, RPT-LINE
appears as shown in Figure 52.
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4 10 25 60

| | |

00001 J.B. SMITH 444 SPRING ST., CHICAGO, ILL. 6 % A14725 10/22/76 $2,336

Figure 52. STRING Statement Example—OQutput

Programming Notes

Dne STRING statement can be written instead of a series of MOVE
statements. In communication applications, this is especially
useful in assembling messages to be transmitted.

UNSTRING STATEMENT

The UNSTRING statement causes contiguous data in a sending field
to be separated and placed into multiple receiving fields.

w Format
UNSTRING identifier-1
f identifier-2

[DELIMITED BY [ALL] <
l literal-1

e \/

[ identifier-3 ]
[OR [ALLY < > ]

L literal-2 |
J

INTO identifier-4
[DELIMITER IN identifier-51]
[COUNT IN identifier-61

[identifier-7
[DELIMITER IN identifier-8]
[{COUNT IN identifier-91 1 ...

[WITH POINTER identifier-10]
[TALLYING IN identifier-111]
~ [ON QVERFLOW imperative-statement]
Each literal must be a nonnumeric literal; each may be any

figurative constant except the ALL literal. When a figurative
constant is specified, it is considered to be a l-character

nonnumeric literal.
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sending Field

Identifier-1 is the sending field: It must be an alphanumeric
ggt?ditem. Data is transferred from this field to the receiving
ields.

DELIMITED BY OPTION: This option specifies delimiters within the
data that control the data transfer.

The delimiters are identifier-2, identifier-3, or their .
corresponding literals. Each identifier or literal specified
represents one delimiter. No more than 15 delimiters may be

~specified. Each must be an alphanumeric data item.

If a delimiter contains two or more characters, it is recognized
as a delimiter only if the delimiter characters are contiguous,
and in the sequence specified, in the sending field.

When two or more delimiters are specified, an OR condition
exists, and each nonoverlapping occurrence of any one of the
delimiters is recognized in the sending field in the specified
sequence. For example, if DELIMITED BY “AB™ OR "BC" is
specified, then an occurrence of either AB or BC in the sending
field is considered a delimiter; an occurrence of ABC is
considered an occurrence of AB.

Mhen DELIMITED BY ALL is not specified, and two or more

contiguous occurrences of any delimiter are encountered, the
current data receiving field is space filled or zero filled
according to the description of the data receiving field.

When DELIMITED BY ALL is specified, one or more contiguous
occurraences of any delimiter are treated as if they were only
one occurrence, and this one occurrence is moved to the
delimiter receiving field (if specified). The delimiting
characters in the sending field are treated as an elementary
alphanumeric item and are moved into ‘the current delimiter
receiving field according to the rules of the MOVE statement.

Note: Rules for the DELIMITED BY ALL option as previously
implemented are given in Appendix A.

Unless the DELIMITED BY option is specified, the DELIMITER IN
and COUNT IN options must not be specified.

Data Receiving Fields

Identifier-4%, identifier-7, etc., are the data receiving fields,
and must have USAGE DISPLAY. These fields can be defined as:

U Alphabetic (without the symbol B in the PICTURE string)

. Alphanumeric

. Numeric (without the symbol P in the PICTURE string)

These fields must not be defined as alphanumeric edited or
numeric edited items. Data is transferred to these fields from
the sending field.

DELIMITER IN OPTION: The delimiter receiving fields are

identifier-5, identifier-8, etc. These identifiers must be
alphanumeric.

COUNT IN OPTION: The data-count fields for each data transfer
are identifier-6, identifier-9, and so forth. Each field holds
the count of examined characters in the sending field,
terminated by the delimiters or the end of the sending field,
for the move to this receiving field; the delimiters are not
included in this count.
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o 5 . . . .. . - . .
! POINTER OPTION: The pointer field is identifier-10; it contains
QJ& ? 4£// & value that indicates a relative position in the ;ending field.
When this option is specified, the user must initialize this
° field before execution of the UNSTRING statement is begun.

TALLYING OPTION: The field-count field is identifier-11; it is

increased by the number of data receiving fields acted upon in

this execution of the UNSTRING statement. When this option is

specified, the user must initialize this field before execution
of the UNSTRING statement is begun.

The data-count fields, the pointer field, and the field-count
field must each be an integer item without the symbol P in the
PICTURE character-string.

UNSTRING Statement Execution

When the UNSTRING statement is initiated, the current data
receiving field is identifier-4. Data is transferred from the
sending field to the current data receiving field according to
the following rules:

. If the POINTER option is not specified, the sending field
character-string is examined beginning with the leftmost
character. If the POINTER option is specified, the field is
examined beginning at the relative character position
specified by the value in the pointer field.

L If the DELIMITED BY option is specified, the examination
proceeds left to right character-by—-character until a
delimiter is encountered. If the end of the sending field
is reached before a delimiter is found, the examination ends
with the last character in the sending field.

. If the DELIMITED BY option is not specified, the number of
characters examined is equal to the size of the current data
receiving field, which depends on its data category:

- If the receiving field is alphanumeric or alphabetic,
the number of characters examined is equal to the number
of characters in the current receiving field.

- If the receiving field is numeric, the number of
characters examined is equal to the number of characters
in the integer portion of the current receiving field.

- If the receiving field is described with the SIGN IS
SEPARATE clause, the characters examined are one feuwer
than the size of the current receiving field.

- If the receiving field is described as a variable-length
data item, the number of characters examined is
determined by the current size of the current receiving
field.

[ The examined characters (excluding any delimiter characters)
are treated as an alphanumeric elementary item, and are
moved into the current data receiving field according to the
rules for the MOVE statement (see the preceding MOVE
statement description).

. If the DELIMITER IN option is specified, the delimiting
characters in the sending field are treated as an elementary
alphanumeric item and are moved to the current delimiter
recaeiving field according to the rules for the MOVE
statement. If the delimiting condition is tha end of the
sending field, the current delimiter receiving field is
filled with spaces.

. If the COUNT IN option is specified, a value equal to the
number of examined characters (excluding any delimiters) is
moved into the data count field, according to the rules for
an elementary move.

Data Manipulation Statements 187



188

. If the DELIMITED BY option is specified, the sending field
is further examined, beginning with the first character to
the right of the delimiter. . ‘

. If the DELIMITED BY option is not specified, the sending
field is further. examined, beginning with the first
character to the right of the last character examined.

. After data is transferred to the first data receiving field
(identifier-4) the current data receiving field becomes
identifier-7. For each succeeding current data receiving
field, the preceding procedure is repeated—either until all
of the characters in the sending field have been
transferred, or until there are no more unfilled data
receiving fields.

. When the POINTER option is specified, the contents of the
pointer field act as if increased by 1 for each examined
character in the sending field. MWhen this execution of the
UNSTRING statement is completed, the pointer field contains

a value equal to itsﬁ&g%ﬁ*glunggg plus the number of
characters examined in e sending field.

. When the TALLYING option is specified, then, when this
execution of the UNSTRING statement is completed, the
field-count field contains a value equal to the initial
value plus the number of data receiving areas acted upon;
this count includes any null fields.

. When an overflow condition exists, the execution of the
UNSTRING statement is ended. If the ON OVERFLOW option has
been specified, that imperative-statement is executed. If
the ON OVERFLOW option has not been specified, control
passes to the next executable statement. An overflow
condition exists when:

- An UNSTRING statement is initiated, and the value in the
pointer field is less than 1 or greater than the length
of the sending field.

- If, during UNSTRING statement execution, all data
receiving fields have been acted upon, and the sending
field still contains unexamined characters.

Figure 53 illustrates the rules of execution for the UNSTRING
statement.

Note: If any of the UNSTRING statement identifiers are
subscripted or indexed, the subscripts and indexes are evaluated
as follows;

¢ Any subscripting or indexing associated with the sending
field, the pointer field, or the field-count field is
evaluated only once—immediately before any data is
transferred.

. Any subscripting or indexing associated with the delimiters,
the data and delimiter receiving fields, or the data-count
fields, is evaluated immediately before the transfer of data
into the affected data item.
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m The following UNSTRING Statement has the execution results shown:

UNSTRING ID-SEND DELIMITED BY DEL-ID OR ALL "*"
INTO ID-R1 DELIMITER IN ID-D1 COUNT IN ID-CI1 (A1l the data

ID-R2 DELIMITER IN ID-D2 receiving fields
ID-R3 DELIMITER IN ID-D3 COUNT IN ID-C3 are defined as
ID-R4 COUNT IN ID-Cl4 alphanumeric)

WITH POINTER ID-P
TALLYING IN ID-T
ON OVERFLOW GO TO OFLOW-EXIT.

ID-SEND at execution gﬁL;izcution
123 x]+[us]s[ef7]s|2]2]oflo]lals]|c|[p]E]|F]| LEJ
@
>H & O OB 6
Y v Y
112]3][b[b]b s{s|s]|7]8]p BREB slolals]c
ID-R1 after execution| ID-R2 after ID-R3 after ID-R4 after execution
execution execution
ID-D1 ID-C1 ID!DZ IDtD3 ID-C3 1ID-C4
[+] ] o] [E]
(after execution) (after execution) (after execution)
0 ID-P ID-T The order of execution is:
(pointer) (tallying
field) C) 3 characters are placed in ID-R1.

[2[1] [o]s]
(after execution --

both initialized to
01 before execution)

Because ALL * is specified, one * is placed
in ID-D1.

5 characters are placed in ID-R2.

A ? 1is placed in ID-D2. The current receiving
field is now ID-R3.

A ? is placed in ID-D3; ID-R3 is filled
with spaces; no characters are transferred,
so 0 is placed in ID-C3

No delimiter is encountered before 5
characters fill ID-R4; 8 is placed in

ID-C4, representing the number of characters
examined since the last delimiter.

Q@ ©® ©® 6 ©

ID-P is updated to 21, the total length of
the sending field + 1, ID-T is updated to 5,
the number of fields acted upon. Since there
are no unexamined characters in the ID-SEND,
the OVERFLOW EXIT is not taken.

Figure 53. Results of UNSTRING Statement Execution

O
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UNSTRING Statement Example
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: N
The following example illustrates some of the considerations ﬂi ;
that apply to the UNSTRING statement. o &
In the Data Division, the programmer has defined the following
input record to be acted upon by the UNSTRING statement:
01 INV-RCD.
05 CONTROL-CHARS PIC XX.
05 ITEM-INDENT PIC X(20).
05 FILLER PIC X.
05 INV-CODE PIC X(10).
05 FILLER PIC X.
05 NO-UNITS PIC 9(6).
05 FILLER PIC X.
05 PRICE-PER-M PIC 99999.
05 FILLER PIC X.
05 RTL-AMT PIC 9(6).99.
The next two records are defined as receiving fields for the
UNSTRING statement. DISPLAY-REC is to be used for printed
output. WORK-REC is to. be used for further internal processing.
01 DISPLAY-REC.
05 INV-NO PIC X(6).
05 FILLER PIC X VALUE SPACE
05 ITEM-NAME PIC X(20).
05 FILLER PIC X VALUE SPACE.
05 DISPLAY-DOLS PIC 9(6).
01 WORK-REC.
05 M-UNITS PIC 9(6).
05 FIELD-A PIC 9(6).
05 WK-PRICE REDEFINES FIELD-A PIC 9999V99.
05 INV-CLASS PIC X(3). PR
The programmer has also defined the following fields for use as 'MWJV
control fields in the UNSTRING statement:
77 DBY-1 PIC X.
77 CTR-1 PIC 99.
77 CTR-2 PIC 99.
77 CTR-3 PIC 99,
77 CTR-4 PIC 99.
77 DLTR-1 PIC X.
77 PIC X.
77 99.

LED  PIC 99
In the Procedure Division, the ‘programmer writes the following
UNSTRING statement to move } i

of DISPLAY-REC and WORK-REC:

UNSTRING INV-RCD DELIMITED BY ALLl
DBY-1 INTO ITEM-NAME COUNT IN

INV“ttmss
m?ﬁ s “COUNT IN CTR-3
Df?’ AY-DOLS DEt

WITH POINTER
TALLYING IN

SPACES OR '/' OR
CTR-1

DS =FFITED
M, ON OVERFLOW GO TO UNSTRING~COMPLETE.

Before~thg UNSTRING atement is issued, the programmer places
the value * \m (the POINTER item). Because the

programmer doesn't wWant—+t8% work with the two control characters

in INV-RCD, the value 3 is placed in the CHAR-CT (the POINTER

item) before the UNSTRING statement is issued. In DBY-1l, a

period (.) is placed for use as a delimiter, and, in FLGS-FILLED ‘l
(the TALLYING item), the value 0 (zero) is placed. The )
following data is then read into INV-RCD as shown in Figure 54%.
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10

ZYFOUR-PENNY~-NAILS

707890/BBA 475120 00122 000379.50

Figure 54. UNSTRING Statement Example—Input Data

Whentha "UNSTRING statement is executed, the following actions
take place:

1.

Positions 3 through 18 (FOUR-PENNY-NAILS) of INV-RCD are
placed in ITEM-NAME, left-justified within the area, and the
unused character positions are padded with spaces. The
value 16 is placed in CTR-1.

Since ALL SPACES is specified as a delimiter, the 5
contiguous SPACE characters are considered to be one
occurrence of the delimiter.

Positions 24 throdgh 29 (707890) are placed in INV-NO. The
delimiter character /7 is placed in DLTR-1, and the value 6
is placed in CTR-2.

Positions 31 through 33 are placed in INV-CLASS. The
delimiter is a SPACE, but because no field has been defined
as a receiving area for delimiters, the SPACE is merely
bypassed.

Positions 35 through 40 (475120) are examined, and are
placed in M-UNITS. The delimiter is a SPACE, but because no
receiving field has been defined as a receiving area for
g$éigiter5, the SPACE is bypassed. The value 6 is placed in

Positions 42 through 46 (00122) are placed in FIELD-A, and
right-justified within the area. The high-order digit
position is filled with a 0 (zero). The delimiter is a
SPACE, but, because no field has been defined as a receiving
area for delimiters, the SPACE is bypassed.

Positions 48 through 53 (000379) are placed in DISPLAY-DOLS.
The period (.) delimiter character is placed in DLTR-2, and
the value 6 is placed in CTR-4%.

Because all receiving fields have been acted upon and two
characters of data in INV-RCD have not been examined, the ON
OVERFLOW exit is taken, and execution of the UNSTRING
statement is completed.

At the end of execution of the UNSTRING statement, DISPLAY-REC

contains the following data:

707890 FOUR-PENNY-NAILS 000379
WORK-REC contains the following data:
475120000122BBA

CHAR-CT (the POINTER field) contains the value 55, and
FLDS-FILLED (the TALLYING field) contains the value 6.
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Programming Notes

TRANSFORM STATEMENT

One UNSTRING statement can be written instead of a series of
MOVE statements. In communications applications, this is
especially useful in breaking apart incoming messages for
internal processing.

If the sending field is also the receiving field, part of the
sending field may be overlaid by spaces (depending on the
definition of the receiving field). The current delimited
receiving field is filled with spaces.

I IBM Extension 1

The TRANSFORM statement is used to alter characters according to
a transformation rule.

Format
JRANSFORM identifier-3 CHARACTERS

r figurative-constant-1
FROM < nonnumeric-literal-l1
[ identifier-1

r figurative-constant-2
J0 < nonnumeric-literal-2
L identifier-2

L /] e Y wed

Identifier-3 represents an elementary alphabetic, alphanumeric,

or numeric edited item, or a group item. Identifier—-3 may be an

external decimal, provided that figurative-constant-1 is space
or spaces and figurative-constant-2 is valid. However, whenever
identifier-3 is an external decimal, a warning message will be
issued.

The combination of the FROM and TO options determines the
transformation rule.

The following rules pertain to the operands of the FROM and TO
options:

1. Nonnumeric literals require enclosing quotation marks.

2. ldentifier-1 and identifier-2 must be elementary alphabetic,
or alphanumeric items, or fixed length group items not over
255 characters in,length.‘ ,

3. A character may not be repeated in nonnumeric-literal-l or
in the area defined by identifier-1. If a character is
repeated, the results are unpredictable.

4. The allowable figurative constants are: ZERO, ZEROES, ZEROS,
SPACE, SPACES, QUOTE, QUOTES, HIGH-VALUE, HIGH-VALUES,
LOW-VALUE, and LOW-VALUES.

When either identifier-1l or identifier-2 appears as an operand
of the specific transformation, the user can change the
transformation rule at object time.

Examples of data transformation are given in Figure 55;
combinations of the FROM and T0O options are shown in Figure 56.

If any of the operands of a TRANSFORM statement share a part of
their storage (that is, if the operands overlap), the result of
the execution of such a statement is unpredictable.
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Note:

No matter which collating sequence is used by the

program, the TRANSFORM statement uses the EBCDIC collating
sequence for comparisons.

Programming Notes

The TRANSFORM statement can be used to translate from one

collating sequence to another. It can also be used to change a
space-filled field to a zero-filled field, and vice versa.
wt
-\;,f‘v “ o .. .
o~ Identifier-3 Identifier-3
A ?Vﬁﬁ" (/,waisetgggleN FROM TO (After)
Q&Qﬁywﬁ %@“’ I1b7bbABC %Nm% SPACE QUOTE 1'7''ABC
.7 1b7bbABC A7c" *QRST! QbRbbATS
Q j 1b7bbABC b17ABC CBA71b BCACC71b
1234WXy89 98YXW4321 ABCDEFGHI IHGFEDCBA
Figure 55. Examples of Data Transformation
Operands Transformation Rule
FROM All characters in the data item represented by
figurative-constant-1 identifier-3 equal to the single character
T figurative-constant-1 are replaced by the single
figurative-constant-2 character figurative~constant-2.
FROM All characters in the data item represented by
figurative-constant-1 identifier-3 equal to the single character
T0 figurative-constant-1 are replaced by the single
nonnumeric-literal-2 character nonnumeric-literal-2.
FROM All characters in the data item represented by
figurative-constant-1 identifier-3 equal to the single character
T0 identifier-2 figurative-constant-1 are replaced by the
identifier-2.
FROM All characters in the data item represented by
nonnumeric-literal-1 identifier-3 that are equa} to any character in
T0 nonnumeric-literal-1 are replaced by the single
figurative-constant-2 character figurative-constant-z.
FROM " Nonnumeric-literal-l and nonnumeric-literal-2 must be
nonnumeric-literal-1 equal in length or nonnumeric-literal-2 must be a
T0 single character.
nonnumeric-literal-2 ‘
If the nonnumeric-literals are equal in length, any
character in the data item represented by identifier-3
equal to a character in nonnumeric-literal-l is
replaced by the character in the corresponding
position of nonnumeric-literal-2.
If the length of nonnumeric-literal-2 is one, all
‘characters in the data item represented by
jdentifier-3 that are equal to any character appearing
in nonnumeric-literal-1l are replaced by the single
character given in nonnumeric-literal-2.
Figure 56 (Part 1 of 2). TRANSFORM Statement—FROM and T0 Options
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Operands

Transformation Rule

FROM _
nonnumeric-literal-1
T0 identifier-2

Nonnumeric-literal-1 and the data item represented by
identifier—-2 must be equal in length or identifier-2
must represent a single character item.

If nonnumeric-literal-l and identifier-2 are equal in
length, any character represented by identifier-3
equal to a character in nonnumeric-literal-1 is
replaced by the character in the corresponding
position of the item represented by identifier-2.

If the length of the data item represented by
identifier-2 is one, all characters represented by
identifier-3 that are equal to any character appearing
in nonnumeric-literal~l are replaced by the single
character represented by identifier-2.

FROM identifier-1
T0
figurative-constant-2

All characters represented by identifier-3 that are
equal to any character in the data item represented by
identifier-1l are replaced by the single character
figurative-constant-2.

FROM identifier-1
T0
nonnumeric-literal-2

The data item represented by identifier-1 and
nonnumeric-literal-2 must be of equal length or
nonnumeric-literal-2 must be one character.

If identifier-1 and nonnumeric-literal-2 are equal in
length, any character in identifier-3 equal to a

character in identifier-1 is replaced by the character
in the corresponding position of nonnumeric-literal-2.

" If the length of nonnumeric-literal-2 is one, all

characters represented by identifier-3 that are equal
to any character represented by identifier-1l are
replaced by the single character given in
nonnumeric-literal-2.

FROM identifier-1
T0
identifier-2

Any character in the data item represented by
identifier-3 equal to a character in the data item
represented by identifier-1 is replaced by the
character in the corresponding position of the data
item represented by identifier-2. Identifier-1 and
identifier-2 can be one or more characters, but must
be equal in length.

Figure 56 (Part 2 of 2). TRANSFORM Statement—FROM and T0 Options
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PROCEDURE BRANCHING STATEMENTS

GO TO STATEMENT

Statements, sentences, and paragraphs in the Procedure Division
are ordinarily executed sequentially. The procedure branching
statements (GO TO, ALTER, PERFORM, STOP, and EXIT) allow
alterations in the sequence.

The G0 T0 statement transfers control from one part of the
Procedure Division to another.

Format 1
GO0 TO procedure~name-1
Format 2

GO0 T0 procedure-name-1 [procedure-name-21 ...
procedure-name-n DEPENDING ON identifier

Format 3
GO TO.

Each specified procedure-name must name a paragraph or a section
in the Procedure Division.

Identifier must name an elementary integer item. Its PICTURE
must be of four digits or less.

Format l—Unconditional GO TO

The GO TO statement causes control to be transferred to the
first statement in the paragraph or section named in
procedure-name-1, unless the G0 TO statement has been modified
by an ALTER statement. (See the following description of the
ALTER statement.) .

A Format 1 GO T0 statement, when it appears in a sequence of
imperative statements, must be the last statement in the
sequence.

When a paragraph is referred to by an ALTER statement, the
paragraph may consist only of a paragraph-name followed by a
Format 1 or Format 3 GO TO statement.

Format 2—conditional GO TO

Control is transferred to one of a series of procedures,
depending on the value of identifier. When identifier has a
value of 1, control is transferred to the first statement in the
procedure named by procedure-name-1; if it has a value of 2,
control is transferred to the first statement in the procedure
named by procedure-name-2; and so forth.

If the value of the identifier is other than a value within the
range 1 through n (where n is the number of procedure-names
specified in this GO TO statement), no control transfer occurs;
instead, control passes to the next statement in the normal
sequence of execution.

The number of procedure-names must not exceed 2031.
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Format 3—Altered GO TO

ALTER STATEMENT

An ALTER statement referring to this GO0 TO statement must have
been executed before this GO TO statement is executed. When
this GO TO statement is executed, control is transferred to the
first statement of the paragraph named in the ALTER statement.

A Format 3 GO TO statement can appear only in a single-statement
paragraph.

When a paragraph is referréd to by an ALTER statement, the

paragraph may consist only of the paragraph-name followed by a
Format 1 or Format 3 GO TO statement. .

The ALTER statement changes the transfer point specified in a GO
TO statement.

Format

ALTER procedure-name-1

J0 [PROCEED 70l procedure-name-2
[procedure-name-3
J0 [PROCEED T0] procedure-name-4] ...

Procedure-name-1, procedure-name-3, and so forth, must each name
a Procedure Division paragraph that contains only one sentence:
a GO TO statement without the DEPENDING ON option.

Procedure-name-2, procedure-name-4%, etc., must each name a
Procedure Division section or paragraph.

ALTER statement execution modifies the GO TO statement in the
paragraph named by procedure-name-1, procedure-name-3, and so
forth. Subsequent executions of the modified GO TO statement(s)
cause control to be transferred to procedure-name-2, and (if
specified) procedure-name-%, etc. For example:

PARAGRAPH-1.
GO TO BYPASS-PARAGRAPH.
PARAGRAPH-1A.

BYPASS-PARAGRAPH.
ALTER PARAGRAPH-1 TO PROCEED TO PARAGRAPH-2.

PARAGRAPH-2.

-

Before the ALTER statement is executed, when control reaches
PARAGRAPH-1, the GO TO0 statement transfers control to
BYPASS-PARAGRAPH. ' After execution of the ALTER statement,
however, the next time control reaches PARAGRAPH-1, the GO TO
statement transfers control to PARAGRAPH-2.
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Programming Notes

The ALTER statement acts as a program switch, allowing, for
example, one sequence of execution during initialization and
another sequence during the bulk of file processing. Because
altered GO TO statements are difficult to debug, a tally should
be kept to indicate when an ALTER statement has been executed.

Segmentation Information

PERFORM STATEMENT

A GO TO0 statement in a section whose priority is greater than or
equal to 50 must not be referred to by an ALTER statement in a
section with a different priority. All other uses of the ALTER
statement are valid and are performed even if the GO T0 to which
the ALTER refers is in an overlavable fixed segment.

Modified GO TO statements in independent segments may, in some
cases, be returned to their initial states.

(For further information, see the chapter on Segmentation.)

The PERFORM statement transfers control explicitly to one or
more procedures and implicitly returns control to the next
executable statement after execution of the specified
procedure(s) is completed.

Format 1
f [ THROUGH ] ]
PERFORM procedure—-name-1 l < > procedure-name-2 |
| IHRU | |
L L J J
Format 2
[ [ THROUGH 1 ]
PERFORM procedure-name-1 < > procedure-name-2 |
| | THRU | ]
L L J J
[ identifier-1 ]
< > JIMES
[ integer-1 j
Format 3
[ { THROUGH ] ]
PERFORM procedure-name-1 | < > procedure-name-2
B NECTR )

UNTIL condition-1
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JTHROUGH ]
PEREORM procedure- name-l [ ?
J

Format & ‘ - {\\
gl ] o
|
|
L

[
[ sy

procedure-name-2 ‘
3

[ identifier-1 | [ 1iteral-2
< > <
! 1] |
L J L

Lrmne \/ cmead

VARYING FROM identifier-2
index—name- index-name-2
r literal-3 1
BY < > UNTIL condition-11
| identifier-3 j
L
[ identifier—4 ] [ literal-5 ]
[ AFTER > EFROM < identifier-5 >
L L index-name-% l l index-name-5 }

literal-6 ]

>
identifier-6 }

4

pre— A ——

UNTIL condition-21

r identifier-7 1 r literal-8 ]
r AFTER < > FROM < identifier-8 >
L | index-name-7 | L index-name-8 |
L J J
r literal-9 ] .
BY < > UNTIL condition-3] -
L identifier-9 } ¥

Each procedure-name must name a section or paragraph in the
Procedure Division.

When both procedure-name-l1 and procedure—namé-z are specified,
if either is a procedure-name in a Declarative procedure, then
both must be procedure-names in the same Declarative procedure.

Each identifier must name a numeric elementary item.
Each literal must be a numeric literal.

Whenever a PERFORM statement is executed, control is transferred
to the first statement of the procedure named procedure-name-1.
Control is always returned to the statement following the
PERFORM statement. The point from which this control is
returned is determined as follows:

. If procedure-name-1 is a paragraph name and procedure-name-2
is not specified, the return is made after the executlon of
the last statement of procedure-name-1.

¢ If procedure-name-1 is a section name and procedure-name-2
is not specified, the return is made after the execution of
the last sentence of the last paragraph in the
procedure-name-1.

. If procedure-name-2 is specified and it is a paragraph name,
the return is made after the execution of the last statement
of that paragraph.

the return is made after the execution of the last sentence

. If procedure-name-2 is specified and it is a sectionvnBMe, {:;D
of the last paragraph in the section.
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The only necessary relationship between procedure-name-1 and
procedure-name-2 is that a consecutive sequence of operations is
executed beginning at the procedure named by procedure-name-1
and ending with the execution of the procedure named by
procedure-name-2. A ‘PERFORM statement must not cause the flow
oftcontrgl to pass through itself; that is, PERFORM A THRU A is
not valid.

GO TO and PERFORM statements may be specified within the
performed procedure. If there are two or more logical paths to
the return point, then procedure-name-2 may name a paragraph
that consists only of an EXIT statement; all the paths to the
return point must then lead to this paragraph.

When a performed procedure includes another PERFORM statement,
the sequence of procedures associated with the embedded PERFORM
statement must be totally included in or totally excluded from
the performed procedures of the first PERFORM statement. That
is, an active PERFORM statement whose execution point begins
within the range of performed procedures of another active
PERFORM statement must not allow control to pass through the
exit point of the other active PERFORM statement. In addition,
two or more such active PERFORM statements must not have a
common exit.

T IBM Extension 1

However, this IBM implementation allows embedded PERFORM and GO
TO0 statements to have a common exit point with the original
PERFORM statement. The common exit point must be the name of a
paragraph consisting solely of an EXIT statement.

L End of IBM Extension !

Figure 57 illustrates valid sequences of execution for PERFORM
statements.

8 w oo X

[o VIS P~ S = O A

PERFORM a THRU m

PERFORM f THRU j

PERFORM a THRU m

PERFORM f THRU j

x PERFORM a THRU m
a

d PERFORM f THRU j
h

m

foo—_—

; .

x PERFORM a THRU m
a

d PERFORM j THRU m
£

]

m EXIT.

Figure 57. Valid PERFORM Statement Execution Sequences
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When control passes to the sequence of procedures by means other
than a PERFORM statement, control passes through the exit point
to the next executable statement, as if no PERFORM statement
referred to these procedures.

The preceding rules refer to all 4 formats of the PERFORM
statement. The following sections give rules applving to each
individual format.

Format 1—Basic PERFORM

Format 1

is the bas?c PERFORM statement. The procedure(s)

referred to are executed once, and then control passes to the
next executable statement following the PERFORM statement.

Format 2—TIMES Option

Format 2 uses the TIMES option. Identifier-1 must name an

integer

item.

The procedure(s) referred to are executed the number of times
specified by the value in identifier-1 or integer-1. Control
then passes to the next executable statement following the

PERFORM

statement. The following rules apply:

1. If integer-1l or identifier-1 is 0 or a negative number at

the

time the PERFORM statement is initated, control passes

to the statement following the PERFORM statement.

2. After the PERFORM statement has been initiated, any
reference to identifier—-l has no effect in varying the
number of times the procedures are initiated.

Format 3—cConditional PERFORM

Format 3 uses the UNTIL option. The procedure(s) referred‘to
are performed until the condition specified by the UNTIL option

is true.

Control is then passed to the next executable

statement following the PERFORM statement.

If the condition is true at the time the PERFORM statement is
encountered, the specified procedure(s) are not executed.

The condition may be any condition described in the chapter on
Conditional Expressions.

Format 4—VARYING Option

200

Format 4 uses the VARYING option. This option increments or
decrements one or more identifiers or index-names according to
the following rules. Once the condition(s) specified in the
UNTIL option are satisfied, control is passed to the next
executable statement following the PERFORM statement.

The condition may be any condition described in the chapter on
Conditional Expressions.

No matter how many variables are specified, the following rules

apply:

1. In the VARYING/AFTER options, when an index-name is
specified:

IBM VS5 COBOL for 0S/VS

The index-name is initialized and incremented or
decremented according to the rules for the SET statement
(see the chapter on Table Handling).

In the associated FROM option, an identifier must be
described as an integer and have a positive value; a
literal must be a positive integer.
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. In the associated BY option, an identifier must be
described as an integer; a literal must be a nonzero
integer.

In the FROM option, when an index-name is specified:

. In the associated VARYING/AFTER option, an identifier
must be described as an integer. It is initialized as
described in the SET statement.

. In the associated BY option, an identifier must be
described as an integer and have a nonzero value; a
literal must be a nonzero integer.

In the BY option, identifiers and literals must have nonzero
values.

Changing the values of identifiers and/or index-names in the
VARYING, FROM, and BY options during execution changes the
number of times the procedures are executed.

The way in which operands are incremented or decremented depends
on the number of specified variables. In the following
discussion explaining this, every reference to identifier-n
refers equally to index—-name-n (except when identifier-n is the
object of the BY option).

varying one Identifier: The following actions take place:

1.

2.

4.
5.

Identifier-1 is set equal to its starting value,
identifier-2 or literal-2.

Condition-1 is evaluated:
a. If it is false, steps 3 through 5 (below) are executed.

b. If it is true, control passes directly to the statement
following the PERFORM statement.

Procedure-1 through procedure-2 (if specified) are executed
once.

Identifier-1 is augmented by identifier-3 (or literal-3).

Steps 2 through & are repeated until condition-1 is true.

Figure 58 illustrates the logic of the PERFORM statement when
one identifier is varied.
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EXECUTION OF
PERFORM STMT
BEGINS

Yy

SET
IDENTIFIER-1
EQUAL TO ITS
FROM VALUE

EXIT j)

EXECUTE
PROCEDURE-1
THRU
PROCEDURE-2

y

AUGMENT
IDENTIFIER-1
WITH ITS

CURRENT
BY VALUE

Figure 58. Format 4 PERFORM Statement Logic—Varying One

Identifier

varying Tuo Identifiers: The following actions take place:

1.

Identifier-1 and identifier-4 are set to their initial
values, identifier-2 (or literal-2) and identifier-5 (or
literal-5), respectively.

Condition-1 is evaluated:

a. If it is false, steps 3 through 7 (below) are executed.

b. If it is true, control passes directly to the statement
following the PERFORM statement.

Condition-2 is evaluated:

a. If it is false, steps 4 through 6 (below) are executed.

b. If it is true, identifier-4 is set to the current value
of identifier-5, and identifier-1 is augmented by
identifier-3 (or literal-3), and step 2 is repeated.

Procedure-1 through procedure-2 (if specified) are executed
once.

Identifier-4 is augmented by identifier-6 (or literal-6).
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6. Steps 3 through 5 (above) are repeated until condition-2 is
true.

7. iteps 2 through 6 (above) are repeated until condition-1 is
rue.

At the end of PERFORM statement execution, identifier-4 contains
the current value of identifier-5. Identifier-1 has a value
that exceeds the last used setting by the increment/decrement
value (unless condition-1 was true at the beginning of PERFORM
statement execution, in which case identifier-1 contains the
current value of identifier-2).

Figure 59 illustrates the logic of the PERFORM statement when
two identifiers are varied.
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.

EXECUTION OF ‘(:
PERFORM STMT .
BEGINS

Y

IDENTIFIER-1
IDENTIFIER-U4
SET TO INITIAL
FROM VALUE

<:>_"_—__’V

TEST
CONDITION-1

EXIT i:)

TEST TRUE
CONDITION-2
EXECUTE SET N
PROCEDURE- 1 IDENTIFIER-U4 ,
THRU TO 1ITS LN
PROCEDURE-2 CURRENT
FROM VALUE

Y ]
AUGMENT AUGMENT
IDENTIFIER-4 IDENTIFIER-1
WITH ITS WITH ITS
CURRENT CURRENT
BY VALUE BY VALUE

Figure 59. Format & PERFORM Statement Logic—Varying Two
Identifiers

Varying Three Identifiars: The actions are the same as for two
identifiers except that identifier-7 goes through the complete
cycle each time that identifier-4 is augmented by identifier-6
or literal-6, which in turn goes through a complete cycle each
time identifier-1 is varied.

At the end of PERFORM statement execution, identifier-4 and
identifier-7 contain the current values of identifier-5 and
identifier-8, respectively. Identifier-l has a value exceeding .
its last used setting by one increment/decrement value (unless 1 \F
condition-1 was true at the beginning of PERFORM statement /
execution, in which case identifier-1 contains the current value

of identifier-2). i
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Programming Notes

Figure 60 illustrates the logic of the PERFORM statement when
three identifiers are varied.

In effect, the performed procedures are in a closed subroutine
that can be entered from many other points in the program.

The Format 4 PERFORM statement is especially useful in Table
Handling. One Format 4 PERFORM statement can serially search an
entire 3-dimensional table.

segmentation Information

A PERFORM statement appearing in a permanent segment can have in
its range only one of the following:

1. Sections, each of which has a priority number less than 50

2. Sections and/or paragraphs wholly contained in a single
independent segment.

A PERFORM statement tha{ appears in an independent segment can
have in its range only one of the follouwing:

1. Sections, each of which has a priority number less than 50

2. Sections and/or paragraphs wholly contained within the same
independent segment as the PERFORM statement.

T IBM Extension |

Homwever, this IBM implementation allows a PERFORM statement in
any segment to have sections with any priority numbers within
its range of procedures.

L End of IBM Extension

Control is passed to the performed procedures only once for each
execution of the PERFORM statement.

Note: The rules for control transfers in performed procedures
as previously implemented are given in Appendix A.
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EXECUTION OF
PERFORM STMT
BEGINS

Y

IDENTIFIER-1
IDENTIFIER~Y4
IDENTIFIER-7
SET TO INITIAL
FROM VALUES

TEST
CONDITION-1

CONDITION-2

( mar )

EXECUTE
PROCEDURE-1
THRU

SET
IDENTIFIER-7
TO ITS CURRENT

SET
IDENTIFIER-4
TO- ITS CURRENT

Figure 60.

PROCEDURE-2 FROM VALUE FROM VALUE
\ !} “
AUGMENT AUGMENT AUGMENT
IDENTIFIER~-7 IDENTIFIER-4 IDENTIFIER-1
WITH ITS WITH ITS WITH ITS
CURRENT CURRENT CURRENT
BY VALUE BY VALUE BY VALUE
Format 4 PERFORM Statement Logic—Varying Three

Identifiers
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EXIT STATEMENT

Programming Notes

STOP STATEMENT

The EXIT statement provides a common end point for a series of
procedures.

Format
paragraph-name. EXIT [PROGRAM].

The EXIT statement must appear in a sentence by itself, and this
sentence must be the only sentence in the paragraph.

The EXIT statement enables the user to assign a procedure-name
to a given point in a program. The EXIT statement has no other
effect on the compilation or execution of the program.

The EXIT PROGRAM statement is discussed in the chapter on
Subprogram Linkage statements.

The EXIT statement is useful for documenting the end point in a
series of procedures. If an EXIT paragraph is written as the
last paragraph in a Declarative procedure or a series of
performed procedures, it identifies the point at which control
will be transferred. When control reaches such an exit
paragraph and the associated Declarative or PERFORM statement is
active, control is transferred to the appropriate part of the
Procedure Division. When control reaches such an EXIT
paragraph, which is not the end of a range of procedures
governed by an active PERFORM or USE statement, control passes
through the EXIT statement to the first statement of the next
paragraph.

Unless an EXIT statement is written, the end of the sequence is
difficult to determine unless the reader knows the logic of the
program.

The STOP statement halts the object program either temporarily
or permanently.

Format

RU

literal

|z
fem e \/

[
STOP <
|

The literal may be numeric or nonnumeric, and may be any
figurative constant except the ALL literal. If the literal is
numeric, it must be an unsigned integer.

I IBM Extension |

However, this IBM implementation also allows signed numeric
integer and noninteger literals.

L End of IBM Extension !

When the STOP literal is specified, the literal is communicated
to the operator, and object program execution is suspended.
Program execution is resumed only after operator intervention,
and continues at the next executable statement in sequence.

When STOP RUN is specified, execution of the object program is
terminated, and control is returned to the system. If a STOP
RUN statement appears in a sequence of imperative statements, it
must be the last or only statement in the sequence. All files
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Programming Notes

should be closed before a STOP RUN statement is executed.  (See
the chapter on System Dependencies.) ﬂfx%

For use of the STOP RUN statement in calling and called ngw
programs, see the System Dependencies chapter.

The STOP literal statement is useful for special situations (a
spacial tape or disk must be mounted, a specific daily code must
be entered, and so forth). when operator intervention is needed
during program execution.
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COMPILER-DIRECTING STATEMENTS

ENTER STATEMENT

Compiler-directing statements provide instructions to the COBOL
cogp&égr. The compiler-directing statements are COPY, ENTER,
an .

Only the ENTER statement is discussed in this chapter. The COPY
statement is discussed in the Source Program Library chapter.

f IBM Extension 1
The Extended Source Program Library—the BASIS, INSERT, and
DELETE statements—is discussed in the Source Program Library
chapter.

L End of IBM Extension !

The USE statements are discussed in the chapters on Declaratives
and the Debugging Features.

r IBM Extension 1

The USE BEFORE REPORTING Declarative is discussed in the chapter
on the Report Writer feature.

L End of IBM Extension -

The ENTER statement is intended to provide a means of allowing
the use of more than one source language in the same source
program. This compiler allows no other source language in the
source program.

Format

ENTER language-name [routine-namel.

The language-name is a system name that has no defined meaning
in this IBM implementation.

The language-name and routine-name must follow the rules for
formation of a user-defined word; at least one character must be
alphabetic.

The ENTER statement is accepted as documentation.
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PART 5.

SPECIAL FEATURES

TABLE HANDLING
SORT/MERGE

IBM Extension
REPORT WRITER

End of IBM Extension
SEGMENTATION

SCURCE PROGRAM LIBRARY

SUBPROGRAM LINKAGE

DEBUGGING

Part 5.
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TABLE HANDLING

C

A table, as used in data processing, is a collection of similar
data items that is designed for easy retrieval of the group of
related items as one unit, as well as of subgroups within the
table.

Every item belonging to the table has the same data description.
The items in a table could be defined separately as consecutive
entries in the Data Division, but this practice has
disadvantages. First, the unity of the items is not apparent
from the documentation; second, the Procedure Division becomes a
snarl of complicated references, both for the programmer and for
the compiler at object time.

The table handling features of the COBOL language make it
possible to refer to a large number of related items by one
nama.

JABLE HANDLING CONCEPTS

TABLE DEFINITION

In COBOL, a table is defined with an OCCURS clause in its data
description. The OCCURS clause specifies that the named item is
to be repeated as many times as stated. The item so named is
considered a table slement, and its name and description apply
to each repetition (or occurrence) of the item. Since the
occurrences are not given unique data—-names, reference to a
particular occurrence can be made only by specifying the
data-name of the table element, together with the occurrence
number of the desired item within the element.

The occurrence number is known as a subscript, and the technigue AN
of supplying the occurrence number of individual table elements “l¢%
is called subscripting. A related technique, called indexing, -

is also available for table references. Both subscripting and
indexing are described in the following sections.

COBOL allows tables in one, two, or three dimensions.

To define a one-dimensional table, the user writes an OCCURS
clause as part of the definition of a table element. However,
the OCCURS clause must not appear in the description of a group
item that contains the table element. For example:

01 TABLE-ONE.
05 ELEMENT-ONE OCCURS 3 TIMES.
10 ELEMENT-A PIC X(4).
10 ELEMENT-B PIC 9(4).

TABLE-ONE is the group item that contains the table.
ELEMENT-ONE names the table element of a one-dimensional table
that occurs 3 times. ELEMENT-A and ELEMENT-B are elementary
items subordinate to ELEMENT-ONE.

To define a two-dimensional table, a one-dimensional table is
defined within each occurrence of another one-dimensional table.

For example:

01 TABLE-TWO.
05 ELEMENT-ONE OCCURS 3 TIMES.
10 ELEMENT-TWO OCCURS 3 TIMES.

15 ELEMENT-A PIC X(4). ™
15 ELEMENT-B PIC 9(4). MLJW
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ELEMENT-ONE is an element of a one-dimensional table that occurs
3 times. ELEMENT-TWO is an element of a two-dimensional table
that occurs 3 times within each occurrence of ELEMENT-ONE.

To define a three-dimensional table, a one-dimensional table is
defined within each occurrence of another one-dimensional table
which is itself contained within sach occurrence of another
one-dimensional table. For example:

01 TABLE-THREE.
05 ELEMENT-ONE OCCURS 3 TIMES.
10 ELEMENT-TWO OCCURS 3 TIMES.
15 ELEMENT-THREE OCCURS 2 TIMES
PICTURE X(8).

In this example, ELEMENT-ONE is an element of a one-dimensional
table that occurs 3 times. ELEMENT-TWO is an element of a
two-dimensional table that occurs 3 times within each occurrence
of ELEMENT-ONE. ELEMENT~THREE is an element of a
three-dimensional table that occurs 2 times within each
occurrence of ELEMENT-TWO0. Figure 61 shows the storage layout
for TABLE-THREE.
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ELEMENT-ONE ELEMENT-TWO ELEMENT-THREE byte
OCCURS 3 TIMES OCCURS 3 TIMES OCCURS 2 TIMES displace—
ment

0
ELEMENT-THREE (1 1 1)
ELEMENT-TWO (1 1) — 8
’ ELEMENT-THREE (1 1 2)

16

ELEMENT-THREE (1 2 1)
ELEMENT-ONE (1) ELEMENT-TWO (1 2) 24
ELEMENT-THREE (1 2 2)

32

: ELEMENT—THREE (1 3 1)
ELEMENT-TWO (1 3) 40
ELEMENT-THREE (1 3 2)

48
. ELEMENT-THREE (2 1 1)
ELEMENT-TWO (2 1) , 56
ELEMENT-THREE (2 1 2)
64

ELEMENT-THREE (2 2 1)
ELEMENT-ONE (2) ELEMENT-TWO (2 2) 72
ELEMENT-THREE (2 2 2)

80

ELEMENT-THREE (2 3 1)
ELEMENT-TWO (2 3) 88
ELEMENT-THREE (2 3 2)

926

ELEMENT-THREE (3 1 1)
ELEMENT-TWO (3 1) 104
ELEMENT-THREE (3 1 2)

. ELEMENT-THREE (3 2 1)
ELEMENT-ONE (3) ELEMENT-TWO (3 2) 120
ELEMENT-THREE (3 2 2)

128
ELEMENT-THREE (3 3 1)
ELEMENT-TWO (3 3) 136
ELEMENT-THREE (3 3 2)

144
Figure 61. Storage Layout for TABLE-THREE

TABLE REFERENCES .
Whenever the user refers to a {able element, or to any item
associated with a table element, the reference must indicate
which occurrence is intended.

For a one-dimensional table, the occurrence number of the
desired element gives the complete information.

For tables of more than one dimension, an occurrence number for
each dimension must be supplied. In the three-dimensional table
defined above, for example, a reference to ELEMENT-THREE must
supply the occurrence number for ELEMENT-ONE, ELEMENT-TWO, and
ELEMENT-THREE. Either subscripting or indexing, described in
the following paragraphs, can be used to supply the necessary
references.
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Subscripting

(set ’LND@X\'V% Lo Md’ ﬁ"zje.)

Subscripting is a method of providing table references through
the use of subscripts. A subscript is an integer value that
specifies the occurrence number of a table element.

Format

[ data-name-1 ]
< > I

l condition-name J

data-name-2] ...

— A—

= 1%
L \f ]

(subscript [subscript [subscriptll])

Subscripts can be used only when reference is made to an
individual item within a table element.

Data-name-1 must be the name of a table element, and may be
qualified, if necessary. (Note that, when qualification is
used, it is data-name-1, not data-name-2, that is subscripted.)

The subscript can be represented either by a literal or a
data-name.

A literal subscript must be an integer, and must have a value of
1 or greater. The literal can have a positive sign or be
unsigned. Negative subscript values are not permitted. For
example, valid literal subscript references to TABLE-THREE are:
ELEMENT-THREE (1, 2, 1)

ELEMENT-THREE (2 2 1)

A data-name subscript must be described as an elementary numeric
integer data item. A data-name subscript may be qualified; it
may not be subscripted or indexed. For example, valid data-name

- subscript references to TABLE-THREE—assuming that SUB1, SUB2,

and SUB3 are all items subordinate to SUBSCRIPT-ITEM—are:
ELEMENT-THREE (SUB1 SUB2 SUB3)

ELEMENT-THREE IN TABLE-THREE (SUB1 OF SUBSCRIPT-ITEM, SUB2 OF
SUBSCRIPT-ITEM,
SUB3 OF SUBSCRIPT-ITEM)

The set of one to three subscripts must be written within a
balanced pair of parentheses immediately following data-name-1
or its last qualifier. One or more spaces may optionally
precede the opening parenthesis.

When more than one subscript is specified, each subscript must
be separated from the next by either a space or a comma followed
by a space. (The comma is not required.)

When more than one subscript is required, the subscripts are
written in the order of successively less~inclusive data
dimensions. (That is, in the-table reference ELEMENT-THREE (3,
2, 1), the first value (3) refers to the occurrence within
ELEMENT-ONE, the second value (2) refers to the occurrence
within ELEMENT-TWO, and the third value (1) refers to the
occurrence within ELEMENT-THREE.)

The lowest possible subscript value is 1, which points to the
first occurrence within the table slement. The next sequential
elements are pointed to by subscripts with values 2, 3, and so
forth. The highest permissible subscript value in any
particular table element is the maximum number of occurrences
spacified in the OCCURS clause. (In the last example given, the
highest possible subscript value for ELEMENT-ONE is 3, for
ELEMENT-TWO is 3, and for ELEMENT-THREE is 2.)
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Indexing
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Indexing is the method of providing table references through the mr\\
use of indexes. An index is a compiler-generated storage area WLQV

used to store table element occurrence numbers; the index
contains a displacement value from the beginning of the table
element that is equivalent to an occurrence number.

Format
[ data-name-1 ] [ OF ]
< > [ < > data-name-21 ...
| condition-name | ! IN J
L J L

[ SRR

index-name~1 [ < % > literal-2]
¢ < Lod >
| literal-1 J
L

[ SRV |

[ index~-name-2 [‘< *
< L

| literal-3

literal=-4] ]

>

|

L o

r 1
[ index-name-3 [ < t > literal-61] 1
< Lt J >1 D
| literal=-5 ]
L .

Each index-name identifies an index to be used in table

references. The index-name is specified through the OCCURS

clause. The same index-name defined with one table can be used

to index another table if both table descriptions are identical:

They must have the same number of levels, the same number of B
occurrences, as well as occurrences of the same length. 7N

Each index named is a compiler—-generated storage area, ¢ bytes %“JV
in length; each index contains a binary value that represents an

actual displacement from the beginning of the table element; to

be valid, the displacement value must correspond to that of an
occurrence number in the table element. Two forms of indexing

are provided: direct and relative.

In direct indexing, the index-name is in the form of a
subscript. The value contained in the index is then calculated
as the occurrence number minus one, multiplied by the length of
the individual table entry. For example:

05 ELEMENT-A OCCURS 10 INDEXED BY INX-A PIC X(8).

For the fifth occurrence of ELEMENT-A, the binary value
contained in INX-A is (5 - 1) % 8 = 32.

In relative indexing, the index—-name is followed by a space,
followed by a + or a -, followed by another space, followed by
an unsigned numeric literal. The literal is considered to be an
occurrence number, and is converted to an index value before
being added to or subtracted from the index-name.

G
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For example, if indexing is specified for the table shown in the
previous table layout example for TABLE-THREE, as follows:

01 TABLE-THREE..
05 ELEMENT-ONE OCCURS 3 TIMES INDEXED BY INX-1.
10 ELEMENT-TWO OCCURS 3 TIMES INDEXED BY INX-2.
15 ELEMENT-THREE OCCURS 2 INDEXED BY INX-3
PICTURE X(8).

Then a relative indexing reference to
ELEMENT-THREE (INX-1 + 1, INX-2 + 2, INX-3 -1)
causes the following computation of the displacement:

(address of ELEMENT-ONE)
+ (contents of INX-1) + (48 x 1)
+ (contents of INX-2) + (16 % 2)
+ (contents of INX-3) - (8 % 1)
(That is, each occurrence of ELEMENT-ONE is 48 characters in
length; each occurrence of ELEMENT-TW0O is 16 characters in
%engta;)and each occurrence of ELEMENT-THREE is 8 characters in
ength.

To be valid during execution, an index value must correspond to
a table element occurrence not less than one, nor greater than
the highest permissible occurrence number. This restriction
applies to both direct and relative indexing.

An index-name must be initialized through a SET, PERFORM, or
SEARCH ALL statement before it is used in a table reference.

Further information on index-names is given in the description
of the INDEXED BY option of the OCCURS clause, later in this
chapter.

One or more index references (direct or relative) may be
specified together with literal subscripts.

Restrictions on Subscripting and Indexing:

1. A data-name must not be subscripted or indexed when it is
being used as a subscript or qualifier.

2. Indexing is not permitted where subscripting is not
permitted.

3. An index may be modified only by a PERFORM, SEARCH, or SET
statement. :

4. When a literal is used in a subscript, it must be a positive
or unsigned integer.

5. When a literal is used in relative indexing, it must be an
unsigned integer.

6. For optimization of references to subscripted data-names,
code is generated by the compiler to store the calculated
address of a subscripted data-name in a SUBSCRIPT SAVE CELL.
When the same subscripted reference to that data-name is
used again, and no change to the subscript could have taken
place between two references, the address of the subscripted
data-name is not recalculated, but the saved address is used
instead. It is possible that the subscript value may have
changed whenever a new paragraph or section is encountered
or whenever a verb is encountered that may transfer control
outside the current paragraph, such as a PERFORM verb. Also,
any direct alteration to the subscript variable, or a move
to a group that contains the subscript will cause the
subscripted address to be recalculated. However, altering
the content of the subscript through indirect reference,
such as changing the contents of an item that redefines the
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TABLE INITIALIZATION

subscript, is not recognized by the compiler, and will not
cause the subscripted address to be recalculated. Y
Subscripting and indexing must not be used together in a QLJW
single reference.

A table can contain static values or dynamic values.

Static values remain the same through every execution of the
object program. When this is true, the initial values of table
elements can be specified in Working-Storage in one of two ways:

i.

The table can be described as a record containing contiguous
subordinate data description entries, each of which contains
a VALUE clause for the initial value. The record is then
redescribed through a REDEFINES entry that contains a
subordinate entry with an OCCURS clause. Due to the OCCURS
clause, the subordinate entries of the redefined entry are
repeated. For example:

01 TABLE-ONE.
05 ELEMENT-ONE PICTURE X VALUE "17.
05 ELEMENT-TWO PICTURE X VALUE ™2".
05 ELEMENT-THREE PICTURE X VALUE 3w,
05 ELEMENT-FOUR PICTURE X VALUE "4v,
01 TABLE-TWO REDEFINES TABLE-ONE.
05 OCCURS-ELEMENT OCCURS 4 TIMES PICTURE X.

If the subordinate entries do not require separate handling,

the VALUE of the entire entry can be given in the entry

which names the table. The lower level entries then contain

OCCURS clauses, and show the hierarchic structure of the

table. The subordinate entries must not contain VALUE SN
clauses. For example: dey

01 TABLE-ONE VALUE ™1234"™.
05 TABLE-TWO OCCURS 4 TIMES PICTURE X.

Dynamic _values may change during one execution of the object
program, or from one execution to another. If the dynamic
values are always the same at the beginning of object
program execution, they can be initialized in the same
manner as static values. If the initial values change from
one execution to the next, then the table can be defined
without initial values, and the changed values can be placed
in the table before any table reference is made.

U
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JABLE HANDLING—DATA DIVISION

OCCURS CLAUSE

COBOL Data Division clauses used for Table Handling are the
OCCURS clause and the USAGE IS INDEX clause.

The OCCURS clause eliminates the need for separate entries for
repeated data items; it also supplies the information necessary
for the use of subscripts or indexes.

Format 1—Fixed Length Tables
OCCURS integer-2 TIMES

r ASCENDING ]
< > KEY IS data-name-2 [data-name-31 ... 1

| DESCENDING |
L o4

[INDEXED BY index-name-1 [index-name-21 ... 1

Format 2—vVariable Length Tables

BCCURS integer-1 I8 integer-2 TIMES
DEPENDING ON data-name-1

[ ASCENDING ]
< > KEY IS data-name-2 [data-name-3] ... 1 ...

| DESCENDING |
L J

[INDEXED BY index-name-1 [index—-name-21 ... 1]

The subject of an OCCURS clause is the data-name of the data
item containing the OCCURS clause. Except for the OCCURS clause
itself, data description clauses used with the subject apply to
each occurrence of the described item.

Whenever it is used in any statement—other than SEARCH, or
unless it is the object of a REDEFINES clause—the subject must
be subscripted or indexed. When subscripted or indexed, the
subject refers to one occurrence within the table element.

Whenever it is used in a SEARCH statement, or when it is the
object of a REDEFINES clause, the subject must not be
subscripted or indexed. When not subscripted or indexed, the
subject represents the entire table element.

A table element must not be greater than 32767 bytes in length.
No table may be longer than 32767 bytes, except for fixed-length
tables in the Working-Storage section or Linkage section, which
may be as long as 131071 bytes.

All data-names used in the O0CCURS clause may be qualified; they
may not be subscripted or indexed.

All integers must be positive integers.

The OCCURS clause cannot be specified in a data description
entry that:

. Has a level-01, level-66, level-77, or level-88 number.

. Describes an item of variable size (an item is of variable
size if any subordinate entry contains an O0CCURS DEPENDING
ON clause).

. Describes a redefined data item. (However, a redefined item
can be subordinate to an item containing an OCCURS clause.)
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See REDEFINES Clause description in the Data Division
chapter.

C
Format 1—Fixed Length Tables s

When Format 1 is used, integer-2 specifies the exact number of
occurrences.

Integer-2 must be greater than 8 and less than 32768.

Because three subscripts or indexes are allowed, three nested
levels of the Format 1 OCCURS clause are allowed.

Format 2—variable Length Tables

220

Format 2 specifies the OCCURS DEPENDING ON clause; integer-1
represents the minimum number of occurrences and integer-2
represents the maximum number of occurrences. The value of
integer-1 must be 1 or greater; it must also be less than
integer-2. Integer-2 must be less than 32768.

(Note that the length of the subject item is fixed; it is only
the number of repetitions of the subject item that is variable.)

Data-name-1 specifies the object of the OCCURS DEPENDING ON
clause; that is, the data item whose current value represents
the current number of occurrences of the subject item. The
object of the OCCURS DEPENDING ON clause:

L Must be described as a positive integer. (That is, if
data-name-1 is described as a signed item, then at execution
time it must contain positive data.)

. Must not occupy any storage position within the range of
this table (that is, any storage position from the first (('\
character position in this table through the last character l% /
position in this record description entry). it

. Must contain a value within the range of integer-1 and
integer-2 inclusive.

T IBM Extension 1
. Must not be an external-decimal Status Key data item.
L End of IBM Extension .

The value of the object of the OCCURS DEPENDING ON clause
specifies that part of the table element available to the object
program. (Items whose occurrence numbers exceed the value of
the object are not available.) If, during execution, the value
of the object is reduced, the contents of items whose occurrence
numbers exceed the new value of the object are unpredictable.

When a group item containing a subordinate OCCURS DEPENDING ON
item is referred to, the current value of the object determines
that part of the table area used in the operation.

In one record description entry, any entry that contains an
OCCURS DEPENDING ON clause may be followed only by items
subordinate to it.

Note that the OCCURS DEPENDING ON clause cannot be specified as
subordinate to another OCCURS clause. However, the Format 1
OCCURS clause may be spectfled as subordinate to the OCCURS
DEPENDING ON clause; in this case, a table of as many as three
dimensions may be specified.

C
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ASCENDING/DESCENDING KEY Option—Formats 1 and 2

ﬂ) The ASCENDING/DESCENDING KEY option specifies that the repeated
data is arranged in ascending or descending order (depending on
the key word specified) according to the values contained in
data-name-2, data-name-3, and so forth. The data-names are
listed in their descending order of significance.

The order is determined by the rules for comparison of operands
(see the relation condition description in the Conditional
Expressions chapter). The ASCENDING/DESCENDING KEY data items
are used by the SEARCH ALL statement for & binary search of the
table element.

Data-name-2 must be the name of the subject entry, or the name
of an entry subordinate to the subject entry.

If data-name-2 names the subject entry, that entire entry
becomes the ASCENDING/DESCENDING KEY, and is the only key that
may be specified for this table element.

If data-name-2 does not name the subject entry, then
data-name-2, data-name-3, and so forth:

. Must be subordinate to the subject of the table entry itself

. Must not be subordinate to any other entry that contains an
OCCURS clause

. Must not themselves contain an OCCURS clause

The following example illustrates the specification of
ASCENDING/DESCENDING KEY data items:

WORKING-STORAGE SECTION.

01 TABLE-RECORD.
(}} 05 EMPLOYEE-TABLE OCCURS 100 TIMES

ASCENDING KEY IS WAGE-RATE EMPLOYEE-NO
INDEXED BY A, B.

10 EMPLOYEE-NAME PIC X(20).
16 EMPLOYEE-NO PIC 9(6).
10 WAGE-RATE PIC 9999V99.

10 WEEK-RECORD OCCURS 52 TIMES
ASCENDING KEY IS WEEK-NO INDEXED BY C.
15 WEEK-NO PIC 99.
15 AUTHORIZED-ABSENCES PIC 9.
15 UNAUTHORIZED-ABSENCES PIC 9.
15 LATENESSES PIC 9.

Note that the keys for EMPLOYEE-TABLE are subordinate to that
entry; the key for WEEK-RECORD is subordinate to that
subordinate entry.

When the ASCENDING/DESCENDING KEY option is specified, the
following rules apply:

. Keys must be listed in decreasing order of significance.

L The total number of keys for a given table element must not
exceed 12. '

. The sum of the lengths of all the keys associated with one
table element must not exceed 256.

. A key may have DISPLAY or COMPUTATIONAL usage.

I IBM Extension : 1

. A key may have COMPUTATIONAL-3 or COMPUTATIONAL-4 usage.

0 L End of IBM Extension |
A [ ]

It is the programmer's responsibility to ensure that the
data actually present in the table is arranged in
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ASCENDING/DESCENDING sequence according to the collating
sequence in use.

(In the preceding example, records in EMPLOYEE-TABLE must be
arranged in ascending order of WAGE-RATE, and in ascending order
of EMPLOYEE-NO within WAGE-RATE. Records in WEEK-RECORD must be
arranged in ascending order of WEEK-NO. If they are not, SEARCH
ALL statement results will be unpredictable.)

INDEXED BY Option—Formats ‘1 and 2

USAGE IS INDEX CLAUSE

222

The INDEXED BY option specifies the indexes that can be used
with this table element. The INDEXED BY option is required if
indexing is used to refer to this table element.

r : IBM Extension 1

However, this IBM implementation allows a table without an
INDEXED BY clause to be referred to through indexing.

A End of IBM Extension !

Each index-name must follow the rules for formation of a
user-defined word; at least one character must be alphabetic.

Each index-name specifies an index to be created by the compiler
for use by the program. These index—-names are not data-names,
and are not identified elsewhere in the COBOL program; instead,
they can be regarded as private special registers for the use of
this object program only. They are not data, or part of any
data hierarchy; as such, each private special register must be
unique.

In one table entry, up to 12 index-names may be specified.

(More information is given in the Indexing paragraphs of the
preceding Table Handling Concepts section.)

The USAGE IS INDEX clause specifies that the data item named has
an index format. Such an item is an index data item.

Format
[USAGE IS5] INDEX

An index data item is a 4-byte elementary item (not necessarily
connected with any table) that can be used to save index-name
values for future reference. Through the SET statement, an
index data item can be assigned an index—-name value (that is,
(occurrence-number - 1) ¥ entry length); such a value equals the
displacement for an occurrence number in a table.

An index data item can be referred to directly only in a SEARCH
statement, a SET statement, a relation condition, the USING
option of the Procedure Division header, or the USING option of
the CALL statement.

T : IBM Extension 1

An index data item can be referred to directly in the USING
option of an ENTRY statement.

L End of IBM Extension - !

An index data item can be part of a group item referred to in a
MOVE statement or an input/output statement.

An index data item saves binary values equivalent to the table
occurrences, yet is not itself necessarily defined as part of
any table. Thus, when it is referred to directly in a SEARCH or
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SET statement, or indirectly in a MOVE or input/output
statement, there is no conversion of values when the statement
is executed.

The USAGE IS INDEX clause may be written at any level. If a
group item is described with the USAGE IS INDEX clause, it is
the elementary jitems within the group that are index data items;
the group itself is not an index data item, and the group name
cannot be used in SEARCH and SET statements or in relation
conditions. The USAGE clause of an elementary item cannot
go?tradict the USAGE clause of a group to which the item

elongs.

An index data item cannot be a conditional variable.
The JUSTIFIED, PICTURE, BLANK WHEN ZERO, or VALUE clauses cannot

be used to describe group or elementary items described with the
USAGE IS INDEX clause.

[ IBM Extension : 1

However, this compiler allows the use of SYNCHRONIZED when USAGE
IS INDEX to obtain efficient use of the index data item.

L End of IBM Extension J

JABLE HANDLING—PROCEDURE DIVISION

RELATION CONDITIONS

In the Procedure Division, the SEARCH and SET statements may be
specified with indexed tables. There are also special rules
involving Table Handling elements when they are used in relation
conditions.

Comparisons involving index-names and/or index data items
conform to the following rules:

. The comparison of two index—-names is actually the comparison
of the corresponding occurrence numbers.

. In the comparison of an index-name with a data item (other
than an index data item), or in the comparison of an
index-name with a literal, the occurrence number that
corresponds to the value of the index-name is compared with
the data item or literal.

. In the comparison of an index data item with an index—-name
or another index data item, the actual values are compared
without conversion. Results of any other comparison
involving an index data item are undefined.

Figure 62 gives comparisons for index—-names and index data
items.
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SET STATEMENT

Format 1—TO Option

Second
Operand Data-name

First Index (numeric Numeric literal

Operand Index-name | Data Item | integer only) (integer only)

Index-name Compare Compare Compare Compare
occurrence without occurrence occurrence
number conversion | number with number with

data-name literal

Index Data Compare Compare Illegal Illegal

Item without without
conversion conversion

Data-name Compare Illegal

(numeric occurrence

integer number

only) with
data-name

Numeric Compare Illegal

literal occurrence

~ (integer number

only) with

literal

Figure 62. Comparisons for Index—-Names and Index Data Items

The SET statement establishes reference points for table
handling operations by placing values associated with table
elements into indexes associated with index-names.

Format 1

[ index-name-1 [index-name-2] ...
<

L identifier-1 [identifier-21 ...

SET

b

[ index-name-3 ]
J0 < identifier-3 >
| literal-1 |
L J
Format 2

SET index-name-4%¢ [index-name-5] ...

[wp ey 1 [ identifier-s |
< > < >
| DOWN BY | l literal-2 |
L Jd 1

Index-names are related to a given table through the INDEXED BY
option of the OCCURS clause; they are not further defined in the
program.

When the sending and receiving fields in a SET statement share
part of their storage (that is, the operands overlap), the
result of the execution of such a SET statement is undefined.

When this form of the SET statement is executed, the value of
the sending field replaces (with or without conversion) the
current value of the receiving field.
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The receiving field may be specified as:
. Index-name-1, index-name-2, and so forth, or

. Identifier-1, identifier-2, etc.—which must name either
index data items or elementary numeric integer items.

The sending field may be specified as:

. Identifier-3—which must name either an index data item or
an elementary numeric integer item, or

. Index-name-3—wuhose value before the SET statement is
executed must correspond to an occurrence number of its
associated table, or

. Literal-1—which must be a positive integer.

Figure 63 shows valid combinations of sending and receiving
fields in a Format 1 SET statement.

Execution of the Format 1 SET statement depends upon the tvpe of
receiving field, as follows:

. Index-name Receiving Fields (index—-name-1, index-name-2, and
so forth), with one exception, are converted to a
displacement value corresponding to the occurrence number
indicated by the sending field. To be valid, the resulting
index-name value must correspond to an occurrence number in
its associated table element. The one exception to these
rules is: If the sending field is an index data item, the
value in the index data item is placed in the index-name
without change.

. Index Data Item Receiving Fields (identifier-1,
identifier-2, etc.) are set equal to the contents of the
sending field (which must be either an index—-name or an
index data item); no conversion takes place. A numeric
integer or literal sending field must not be specified.

. Integer Data Item Receiving Fields (identifier-1,
identifier-2, and so forth) are set to an occurrence number

that corresponds to the occurrence number associated with
the sending field (which must be an index-name). An integer
data item, an index data item, or a literal sending field
must not be specified.

Receiving fields are acted upon in the left-to-right order in
which they are specified. Any subscripting or indexing
associated with an identifier receiving field is evaluated
immediately before the field is acted upon.

The value used for the sending field is its value at the
beginning of SET statement execution.

sending Field

Index-name

Index Data Item
Integer Data Item
Integer Literal

Receiving Field
Index-name Index Data Item Intager Data Item

Valid Validx Valid
Validx Valid

Valid

Valid

%¥No conversion takes place

Figure 63. Sending and Receiving Fields for Format 1 SET Statement
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The value for an index—name after execution of a SEARCH or
PERFORM statement may be undefined; therefore, a Format 1 SET SN
statement should reinitialize such index-names before other

table handling operations are attempted. A

gh

Format 2—UP/DOWN BY Option

SEARCH STATEMENT

When this form of the SET statement is executed, the value of
the receiving field is increased (UP BY) or decreased (DOWN BY)
a value that corresponds to the value in the sending field.

The receiving field may be specified by index-name-%,
index-name-5, and so forth. These index—-name values both before
and after the SET statement execution must correspond to an
occurrence number in an associated table.

The sending field may be specified as identifier-%, which must
be an elementary integer data item, or as literal-2, which must
be an integer.

When the Format 2 SET statement is executed, the contents of the
receiving field are increased (UP BY) or decreased (DOWN BY) a
value that corresponds to the number of occurrences represented
by the value of identifier-4 or literal-2. Receiving fields are
acted upon in the left-to-right order they are specified. The
value of the sending field at the beginning of SET statement
execution is used for all receiving fields.

The SEARCH statement searches a table for an element that
satisfies the specified condition, and adjusts the associated
index to indicate that element.

Format 1—sSerijal Search
[ identifier-2 ]

SEARCH identifier-1 [VARYING <
! index-name-1

e

[AT END imperative-statement-1]

[ imperative-statement-2
WHEN condition-1 <
L NEXT SENTENCE

L A/ wd

imperative-statement-3

NEXT SENTENCE

[WHEN condition-2

e A wnaeny
e \f e
[

.

.
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Format 2—Binary Search
SEARCH ALL identifier-1
[AT END imperative-statement-1]
[ relation-condition-1 ]

WHEN < >
[ condition-name-1 J

[ relation-condition-2 ]
[AND <
l condition-name-2

I ...

e v

imperative-statement-2

NEXT SENTENCE

o ——

| S

The Data Division description of identifier-1 must contain an
OCCURS clause with the INDEXED BY option.

When specified in the SEARCH statement, identifier-1 must refer
to all occurrences within the table element; that is, it must
not be subscripted or indexed.

Identifier-1 can be a data item subordinate to a data item that
contains an OCCURS clause; that is, it can be a part of a two or
three dimensional table. In this case, the data description
entry must specify an INDEXED BY option for each dimension of
the table.

SEARCH statement execution modifies only the value in the
index-name associated with identifier-1 (and, if present, of
index-name-1 or identifier-2). Therefore, to search an entire
two or three dimensional table, it is necessary to execute a
SEARCH statement for each dimension. Before each execution, SET
statements must be executed to reinitialize the associated
index-names.

In the AT END and WHEN options, if any of the specified
imperative-statements do not end with a 60 TO statement, control
passes to the next sentence after the imperative-statement is
executed.

Format 1—sSerial Search

Format 1 SEARCH statement execution causes a serial search to be
executed, beginning at the current index setting.

When the search begins, if the value of the index—-name
associated with identifier-1 is not greater than the highest
possible occurrence number, the following actions take place:

1. The condition(s) in the WHEN option are evaluated in the
order they are uwritten.

2. If none of the conditions is satisfied, the index-name for
identifier-1l is increased to correspond to the next table
element, and step 1 is5 repeated.

3. If, upon evaluation, one of the WHEN conditions is
satisfied, the search terminates immediately, and the
imperative-statement associated with that condition is
executed. The index—name points to the table element that
satisfied the condition.
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Identifier-2 must be either an index data item or an elementary !

4. If the end of the table is reached (that is, the increased
index—-name value is greater than the highest possible ) '“%
occurrence number) without the:-WHEN condition being «:
satisfied, the search terminates as described in the next
paragraph.

If, when the search begins, the value of the index-name
associated with identifier-1 is greater than the highest
possible occurrence number, the search immediately ends, and, if
specified, the AT END imperative-statement is executed. If the
AT END option is omitted, control passes to the next sentence.

Each WHEN option condition may be any condition as described in
the chapter on Conditional Expressions.

VARYING INDEX-NAME-1 OPTION: When the VARYING index-name-1
option is omitted, the first (or only) index-name for
identifier-1 is used for the search.

When the VARYING index-name-1 option is specified, one of the
following actions applies:

. If index-name-1 is an index for identifier-1, this index is
used for the search. Otherwise, the first (or only)
index-name is used.

. If index-name-1 is an index for another table element, then
the first (or only) index-name for identifier-1 is used for
the search; the occurrence number represented by
index-name-1 is increased by the same amount as the search
index—-name and at the same time.

VARYING IDENTIFIER-2 OPTION: When this option is specified, the
first (or only) index-name for identifier-1 is used for the
search.

integer item. During the search, one of the following actions
applies:

. If identifier-2 is an index data item, then, whenever the
search index is increased, the specified index data item is
simultaneously increased by the same amount.

. If identifier-2 is an integer data item, then, whenever the
search index is increased, the specified data item is
simultaneously increased by 1.

Figure 6% is a flowchart of a Format 1 SEARCH operation
containing two WHEN options.

O
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EXECUTION OF
SEARCH BEGINS

;\\\\\\\GT AT END*#* IMPERATIVE- * % %
e

STATEMENT -1

Y

TRUE WHEN CONDITION-1 IMPERATIVE- * %k x

CONDITION~-1
STATEMENT -2

|

* %

**
CONDITION-2 TRUE WHEN CONDITION-2 IMPERATIVE- T

STATEMENT-3

INCREMENT
INDEX-NAME FOR
IDENTIFIER-1

(INDEX~-NAME-1
IF APPLICABLE) * INDEX SETTING EQUALS HIGHEST PERMISSIBLE

OCCURRENCE NUMBER.

** THESE OPERATIONS ARE INCLUDED ONLY WHEN
) CALLED FOR IN THE STATEMENT.
*%

INCREMENT **% EACH OF THESE CONTROL TRANSFERS IS
INDEX~NAME -1 ’ TO THE NEXT SENTENCE UNLESS THE
(FOR ANOTHER IMPERATIVE-STATEMENT ENDS WITH

TABLE) OR GO TO STATEMENT. .

IDENTIFIER-2,

Figure 64. Format 1 SEARCH with Two WHEN Options

Format 2—Binary Search

Format 2 SEARCH ALL statement execution causes a binary search
to be executed. The search index need not be initialized by SET
statements, because its setting is varied during the search
operation so that its value is at no time less than the value
for the first table element, nor ever greater than the value for
the last table element. The index used is always that
afsociated with the first index-name specified in the OCCURS
clause. .
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PROGRAMMING NOTES

If the WHEN option cannot be satisfied for any setting of the
index within this range, the search is unsuccessful. If the AT Ty,
END option is specified, the AT END imperative~statement is @;
executed. If the AT END option is not specified, control is

passed to the next sentence. In either case, the final setting

of the index is not predictable.

If the WHEN option can be satisfied, control passes to
imperative-statement-2, and the index contains a value
ingicating an occurrence that allows the WHEN condition(s) to be
satisfied.

KWHEN CONDITION-NAME OPTION: If the WHEN condition-name option is
specified, each specified condition—-name must have only a single
value, and each must be associated with an ASCENDING/DESCENDING

KEY identifier for this table element.

WHEN RELATION-CONDITION OPTION: If the WHEN relation-condition
is specified, each relation-condition must take the following
form:

Format

[ IS EQUAL TO ] [ identifier-2 ]
data-name < > < literal >
{ IS = J L arithmetic-expression J

The following considerations apply:

. Data-name must specify an ASCENDING/DESCENDING KEY data item
in the identifier-1 table element and must be indexed by the
first identifier-1 index-name, along with other indexes or
literals as required. Each data-name may be qualified.

¢ Identifier-2 must not be an ASCENDING/DESCENDING KEY data {J ,
item for identifier-1 or an item that is indexed by the NV
first index-name for identifier-1.

. Arithmetic-expression may be any of those defined in the
chapter on Arithmetic Expressions with the following
restriction: Any identifier in the arithmetic-expression
must not be an ASCENDING/DESCENDING KEY data item for
identifier-1 or an item that is indexed by the first
index—-name for identifier-1.

. When an ASCENDING/DESCENDING KEY data item is specified,
explicitly or implicitly, in the WHEN option, then all
preceding ASCENDING/DESCENDING KEY data-names for
identifier-1 must also be specified.

The results of a SEARCH ALL operation are predictable only when:

. The data in the table is ordered in ASCENDING/DESCENDING KEY
order, and

. The contents of the ASCENDING/DESCENDING keys specified in
the WHEN clause provide a unique table reference.

Index data items cannot be used as subscripts or indexes, due to
the restrictions on direct reference to them.

The use of a direct indexing reference together with a relative
indexing reference for the same index-name allows reference to
two different occurrences of a table element for comparison
purposes, and so forth.

When the object of the VARYING option is an index-name for ‘ ‘@;;D
another table element, one Format 1 SEARCH statement steps
through two table elements at once. (This is illustrated in the
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INQUIRY-PRINT procedure of the TABLES sample program at the end
of this chapter.)

One Format 4 PERFORM statement can search an entire
multidimensional table.

To ensure correct execution of a PERFORM or SEARCH statement for
a variable length table, the programmer must make sure that the

object of the OCCURS DEPENDING ON clause (data-name-1) contains

2 ;alue that correctly specifies the current length of the

able.

T IBM Extension 1

If indexing is used to search a table without an INDEXED BY
clause, correct results are ensured only if both the table
defined with the index and the table defined without the index
have table elements of the same length and with the same number
of occurrences.

L End of IBM Extension -

TABLE HANDLING SAMPLE PROGRAM

This program illustrates one method of building a table, as well
as two methods of searching a table.

A chain store doing business in the continental United States
divides the country into seven sales areas. A weekly report of
sales is made for each area. This program places these sales
figures into a cumulative table, and then issues a report
comparing sales by area for the current week with those for the
preceding week, as well as for the same week in the preceding
vear. Optional inquiries can be made to report—for any week of
the current year—uhich areas increased sales over last year.

The following Table Handling features are illustrated: the
O0CCURS clause, the OCCURS DEPENDING ON clause, the INDEXED BY
option, direct indexing, relative indexing, the PERFORM UNTIL
statement used to search a table element, the SEARCH VARYING
STATEMENT used to search two table elements simultaneously, the
SET 70 statement, and the SET UP BY statement.

IDENTIFICATION DIVISION.
PROGRAM-ID. TABLES.
DATE-COMPILED. MAR 20,1981.
ENVIRONMENT DIVISION.
CONFIGURATION SECTION.
SOURCE-COMPUTER. IBM-370.
OBJECT-COMPUTER. IBM-3786.
SPECIAL-NAMES. v
CONSOLE IS TYPEWRITER.
INPUT-0UTPUT SECTION.
FILE-CONTROL.
SELECT CURRENT-FILE
ASSIGN 7O SYS002-UT-2400-S-TAPEL.
SELECT YR-TO-DATE-FILE
ASSIGN TO SYS003-DA-3330-5-DISK1.
SELECT LAST-YR-FILE
ASSIGN 7O SYS004-DA-3330-5-DISK2.
SELECT PRINT-FILE
ASSIGN TO S5YS001-UR-1403-5-SYSLST.
SELECT OPTIONAL INQUIRY-FILE
ASSIGN TO SYS005-DA-3330-5-DISK3.
DATA DIVISION.
FILE SECTION.
FD CURRENT-FILE LABEL RECORDS OMITTED.
01 CURRENT-SALE-RECORD.
05 CURR-WEEK PIC 99.
05 CURR-FIGURES OCCURS 7 TIMES INDEXED BY WEEKC.
10 CURR-AREA-NO PIC 9.
10 CURR-AREA-SALE PIC 599999v99,
FD YR-TO-DATE-FILE LABEL RECORDS STANDARD.
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01 YR-TO-DATE-RECORD.
05 YR-TO-DATE-TABLE OCCURS 52 TIMES INDEXED BY WEEKL.
16 FILLER PIC 99.
10 FILLER OCCURS -7 TIMES INDEXED BY WEEKW.
15 FILLER PIC 9.
15 FILLER PIC 599999V99.
FD LAST-YR-FILE LABEL RECORDS STANDARD.
01 LAST-YR-RECORD.
05 LAST-YR-WEEK-TABLE OCCURS 52 TIMES
INDEXED BY WEEKY WEEKZ.
10 LAST-YR-WEEK-NO PIC 99.
10 LAST-YR-AREA-TOTALS OCCURS 7 TIMES INDEXED BY AREAY.
15 LAST-YR-AREA-NO PIC 9.
15 LAST-YR-AREA-FIGURES PIC S99999V99.
FD PRINT-FILE LABEL RECORDS OMITTED.
61 PRINT-RECORD.
05 FILLER PIC X.
05 PRINT-DATA PIC X(95).
FD INQUIRY-FILE LABEL RECORDS OMITTED.
01 INQUIRY-RECORD PIC 99.
WORKING-STORAGE SECTION.
77  THIS-WEEK PIC 99 COMP-3.
77 LAST-WEEK PIC 99 COMP-3.
77 ANY-INQ PIC 9 VALUE 0.
77 INQ-COND-MET PIC 9.
77 NO-INQ-MSG PIC X(21) VALUE "™ NO INQUIRY WAS MADE.".
01 NONE-MET-COND.
05 FILLER PIC X(17) VALUE "™ NO AREA IN WEEK ".
05 COND-MSG-WK PIC Z9.
05 FILLER PIC X(29) VALUE "™ EXCEEDED SALES OF LAST YEAR.".
01 YTD-WORK-TABLE.
' 05 WEEK-TABLE OCCURS 1 70 52 TIMES
DEPENDING ON THIS-WEEK
INDEXED BY WEEKT WEEKX.
10 WEEK-NO PIC 99.
10 AREA-TOTALS OCCURS 7 TIMES
INDEXED BY AREAT AREAX.
15 AREA-NO PIC 9.
15 AREA-FIGURES PIC 5999399V93.
01 CURRENT-REPORT-PRINT.
05 FILLER PIC X(10) VALUE "™ WEEK NO.".
05 PRINT-WEEK PIC Z9. ’
05 PRINT-AREA VALUE ™ AREA .
10 FILLER PIC X(4).
10 PRINT-AREA-NO PIC 9.
10 FILLER PIC X(4).
05 PRINT-AREA-FIGURES.
10 FILLER PIC X(17) VALUE "THIS WEEK SALES ™.
10 PRINT-AREA-SALES PIC $$$,$$$.99.
10 FILLER PIC X(5). ‘
05 PRINT-AREA-LAST-WEEK.
10 FILLER PIC X(17) VALUE "LAST WEEK SALES .
10 LAST-WEEK-SALES PIC $$$,$$$.99.
10 FILLER PIC XX.
65 WEEK-PERCENT.
10 FILLER PIC X(15) VALUE "% CHANGE ",
10 WEEK-CHANGE PIC ++9%9.99.
10 FILLER PIC X(5). '
05 PRINT-AREA-LAST-YEAR.
10 FILLER PIC X(17) VALUE "LAST YEAR SALES ™.
10 LAST-YEAR-SALES PIC $$$,%$%%$.99.
10 FILLER PIC XX.
05 YEAR-PERCENT. ,
10 FILLER PIC X(15) VALUE "% CHANGE ",
10 YEAR-CHANGE PIC ++9.99.
01 INQUIRY-PRINT-DATA.
05 FILLER PIC X(6) VALUE "™ WEEK ™.
05 INQ-WK-NO PIC 29. ,
65 FILLER PIC X(6) VALUE ™ AREA ™.
05 INQ-AREA PIC 9. '
65 FILLER PIC X(17) VALUE " $ INCREASE ™.
05 INQUIRY-PRINT-FIGURE PIC $$,.99.
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01 LAST-WEEK-COMPARE.

05 FILLER PIC 99.
0 05 LW-AREA-TABLE OCCURS 7 TIMES INDEXED BY LWX.
10 LW-AREA-NO PIC 9.
10 LW-AREA-FIGURES PIC 599999V99.
01 ERROR-MSG.
05 FILLER PIC X.
05 ERROR-WEEK-NO PIC Z9.
05 ERROR-TEXT PIC X(40) VALUE
"EXCEEDS THIS-WEEK NO. INQUIRY IGNORED.".
PROCEDURE DIVISION.
HOUSEKEEPING-ROUTINE.
OPEN INPUT CURRENT-FILE LAST-YR-FILE INQUIRY-FILE,
OUTPUT PRINT-FILE.
READ LAST-YR-FILE AT END GO TO CLOSE-ROUTINE.
READ CURRENT-FILE AT END GO TO CLOSE-ROUTINE.
MOVE CURR-WEEK TO PRINT-WEEK.
WRITE PRINT-RECORD FROM CURRENT-REPORT-PRINT
AFTER POSITIONING O.
MOVE SPACES TO CURRENT-REPORT-PRINT.
MOVE CURR-WEEK TO THIS-WEEK.
SET WEEKT WEEKX WEEKY T0O THIS-WEEK.
IF THIS-WEEK EQUAL 1 GO 70 FIRST-WEEK-ROUTINE.
LATER-WEEK-ROUTINE.
OPEN I-0 YR-TO-DATE-FILE.
COMPUTE LAST-WEEK = THIS-WEEK - 1.
READ YR-TO-DATE-FILE INTO YTD-WORK-TABLE
AT END GO 70 CLOSE-ROUTINE.
MOVE WEEK-TABLE (WEEKX - 1) 7O LAST-WEEK-COMPARE.
WEEK-CALCULATION-ROUTINE.
MOVE CURRENT-SALE-RECORD TO WEEK-TABLE (WEEKT).
SET LWX AREAT AREAY 70 1.
PERFORM WEEK-PRINT THRU WEEK-PRINT-END 7 TIMES.
WRITE-FILE-ROUTINE.
REWRITE YR-TO-DATE-RECORD FROM YTD-WORK-TABLE.
INQUIRY-FIND-ROUTINE.
'::D READ INQUIRY-FILE AT END GO TO CLOSE-ROUTINE.
MOVE 1 TO ANY-INQ.
IF INQUIRY-RECORD > THIS-WEEK MOVE INQUIRY-RECORD
TO ERROR-WEEK-NO,

WRITE PRINT-RECORD FROM ERROR-MSG AFTER POSITIONING 2,

GO TO INQUIRY-FIND-ROUTINE.
SET WEEKT WEEKY TO INQUIRY-RECORD.
SET AREAT AREAY T0 1.
MOVE INQUIRY-RECORD TO INQ-WK-NO.
MOVE 0 TO INQ-COND-MET.
PERFgEEAINQUIRY-PRINT THRU INQUIRY-PRINT-END UNTIL
T = 8.

IF INQ-COND-MET EQUAL 0, MOYVE INQUIRY-RECORD TO COND-MSG-WK,

WRITE PRINT-RECORD FROM NONE-MET-COND
AFTER POSITIONING 2.
GO TO INQUIRY-FIND-ROUTINE.
CLOSE-ROUTINE.
IF ANY-INQ EQUAL 0, WRITE PRINT-RECORD FROM NO-INQ-MSG
AFTER POSITIONING 2.
CLOSE CURRENT-FILE YR-TO-DATE-FILE LAST-YR-FILE
INQUIRY-FILE PRINT-FILE.
END-ROUTINE.
STOP RUN.
FIRST-WEEK-ROUTINE.
OPEN OUTPUT YR-TO-DATE-FILE.
SET WEEKZ T0 52.
MOVE LAST-YR-WEEK-TABLE (WEEKZ) TO LAST-WEEK-COMPARE.
PERFORM WEEK-CALCULATION-ROUTINE.
WRITE YR-TO-DATE-RECORD FROM YTD-WORK-TABLE.
GO TO INQUIRY-FIND-ROUTINE.

Table Handling

233



234

WEEK-PRINT. 4
COMPUTE WEEK-CHANGE = (AREA-FIGURES (WEEKT AREAT) - @: M
LU-AREA-FIGURES (LWX)) / LW-AREA-FIGURES (LUX) X v
0 |
COMPUTE YEAR-CHANGE = (AREA-FIGURES (WEEKT AREAT) -
LAST-YR-AREA-FIGURES (WEEKY AREAY)) /
LAST-YR-AREA-FIGURES (WEEKY AREAY) % 100.00.
MOVE AREA-NO (WEEKT AREAT) TO PRINT-AREA-NO.
MOVE AREA-FIGURES (WEEKT AREAT) TO PRINT-AREA-SALES.
MOVE LW-AREA-FIGURES (LWX) TO LAST-WEEK-SALES.
MOVE LAST-YR-AREA-FIGURES (WEEKY AREAY) TO LAST-YEAR-SALES.
WRITE PRINT-RECORD FROM CURRENT-REPORT-PRINT
AFTER POSITIONING 1.
SET LWX AREAT AREAY UP BY 1.
WEEK-PRINT-END. EXIT.
INQUIRY-PRINT.
SEARCH AREA-TOTALS VARYING AREAY
AT END SET AREAT TO 8 GO T0 INQUIRY-PRINT-END
WHEN AREA-FIGURES (WEEKT AREAT) >
| LAST-YR-AREA-FIGURES (WEEKY AREAY)
MOVE 1 TO INQ-COND-MET, ~
COMPUTE INQUIRY-PRINT-FIGURE =
AREA-FIGURES (WEEKT AREAT) -
LAST-YR-AREA-FIGURES (WEEKY AREAY).
MOVE AREA-NO (WEEKT AREAT) TO INQ-AREA.
WRITE PRINT-RECORD FROM INQUIRY-PRINT-DATA
AFTER POSITIONING 2.
SET AREAT AREAY UP BY 1.
INQUIRY-PRINT-END. EXIT.
7N
O
Ay

O
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SORT/MERGE

SORT/MERGE CONCEPTS

SORT CONCEPTS

Arranging records in a particular order or sequence is a common
requirement in data processing; such record ordering can be
accomplished using sorting or merging operations. While both
operations accomplish record ordering, the functions and
capabilities of a sort and a merge are different.

A sort produces an ordered file from one or more files that may
be completely unordered as to sort sequence. Thus, the sort
operation must accept unordered sort input and produce ordered
sort output. For this reason, all records must be available to
the sort operation before sorting can begin. For this reason,
too, there is always an absolute limit to the number of records
that can be processed in one sorting operation.

A merge produces an ordered file from two or more input files,
each of which is already ordered in the merge sequence. The
merge operation is accomplished by record comparison as the
records are encountered during the reading of all the input
files. Only a portion of the records need be available to the
merge operation at one time. Thus, many more records can be
processed in one merge operation than in one sort.

COBOL has special language features which assist in sort and
merge operations so that the user need not program these
operations in detail. This chapter discusses the special COBOL
sort and merge language.

Sorting and merging have aluways constituted a large percentage
of the workload in business data processing. COBOL sort and
merge language makes these operations easy to both specify and
modify. COBOL language support is through the File-Contro®
entry in the Environment Division, the SD
(sort-merge-file-description) entry in the Data Division, and
the SORT and MERGE statements in the Procedure Division.

The sort or merge file is described through the File-Control
SELECT sentence, and the SD entry in the Data Division. The
sort or merge file is the working file used during the sort or
merge; it can be considered an internal file. As such, blocking
and internal storage allocation for this file are not under the
control of the COBOL programmer.  Houwever, a sort or merge file,
like any file, is a set of records, and a sort-merge file
description can be considered a particular type of file
description.

The sort-merge file is processed through a Procedure Division
SORT or MERGE statement. The statement specifies the key
field(s) within the record upon which the sort or merge is to be
arranged. Keys can be specified as ascending or descending, or,
when more than one key is specified, as a mixture of the two.
The sequence of sorted or merged records conforms to the
specified mixture of keys.

Through the SORT statement, the COBOL user has access to input
procedures (used before sorting) and output procedures (used
after sorting) that can add, delete, alter, edit, or otherwise
modify the records in the input and/or output files. Within the
limits of virtual storage, a COBOL program can contain any
number of sorts, each with its own independent input and/or
output procedures. During SORT statement execution, these
procedures are automatically executed at the specified point in
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progessing; thus, extra passes through the sort file are

avoided q”)\
A COBOL program containing a sort is usually organized so that g
one or more input files is read and operated on by an input

procedure. Within the input procedure a RELEASE statement

(analogous to the WRITE statement) places a record in the sort

file. That is, when input procedure execution is completed, a

sort file has been created by placing records one at a time into

the sort file through the RELEASE statement. If the user does

not want to modify the records before the sorting operation

begins, the SORT statement USING option releases the unmodified

records to the sort file.

After all the input records have been placed in the sort file,
the sorting operation is executed. This operation arranges the
ent2r§ set of sort file records in the sequence specified by the
key(s).

After completion of the sorting operation, sorted records can be
made available from the sort file, one at a time, through a
RETURN statement for modification in an output procedure. If
the user does not want to modify the sorted records, the SORT
statement GIVING option names the sorted ocutput file.

Through the MERGE statement, the COBOL user has access to output
procedures (used after merging) that can modify the records in
the output file. The COBOL program can contain any number of
merge operations, each with its own independent output
procedures. During MERGE statement execution, these procedures
are automatically executed at the specified point in processing.

MERGE statement execution begins the merge processing. This PR
operation compares keys within the records of the input files, { '
and arranges the records within the merged file in the sequence A4

specified by the key(s).

Merged records can be made available, one at a time, through a
RETURN statement for modification in an output procedure. If
the user does not want to modify the merged records, the MERGE
statement GIVING option names the merged output file.

Note: For ASCII considerations, see Appendix B.

SORT/MERGE——ENVIRONMENT DIVISION

In the Environment Division, the programmer must write
File-Control entries for each file used as input to or output
from a sort or merge operation. A File-Control entry for the
sort-file or merge-file i1tself must also be written.

r IBM Extension 1

If checkpoint records are to be written during the operation, an
I-0-Control entry containing a RERUN clause may also be
specified.

L End of IBM Extension !
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FILE-CONTROL ENTRY

For the input and output files of a sort or merge operation, the
File-Control entry for sequential files as described in the
Environment Division chapter is valid.

I IBM Extension 1
However, this IBM implementation allows the input and output
files to be any file with sequential access, and the
File-Control entry for any sequentially accessed file is valid.

¢ End of IBM Extension !

For the sort or merge file, the following format shows the
allowable clauses in the File-Control Entry.

Format—sort/Merge File

SELECT file-name
ASSIGN TO assignment—-name-1 [assignment—-name-2] ...

Each sort or merge file described in the Data Division must be
naﬁed once, and only once, as a file-name in a File-Control
entry.

When file-name specifies a sort or a merge file, only the ASSIGN
clause may follow the SELECT clause in this File-Control entry.

The ASSIGN clause associates a sequential sort or merge file
with a storage medium.

Assignment-name has the same rules of formation as it has for
other files. See the System Dependencies chapter for further
information.

I-0-CONTROL PARAGRAPH

The I-0-CONTROL paragraph for a sort or merge file may be
specified as shown in the following format.

Format—sSort or Merge Files

[RERUN ON assignment-namel

r RECORD
[SAME < SORT > AREA
L SORT-MERGE j

FOR file-name-1 [file-name-21 ... 1.

I IBM Extension 1

The order in which the I-0-CONTROL paragraph clauses are uritten
is not significant.

L End of IBM Extension )
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RERUN Clause

f IBM Exfenéion : 1

When the RERUN cause is specified in the I-0 control paragraph,
checkpoint records are written at logical intervals determined
by the sort/merge program during execution of each SORT or MERGE
statement in the program. When it is omitted, checkpoint
records are not written.

Assignment-name must not be the same as any used in an ASSIGN
clause, but must follow the same rules of formation. The System
Dependencies chapter gives more information.

When the checkpoint record is written, the status of all open
filesé ghether involved in the sort/merge operation or not, is
recorded.

L End of IBM Extension !

SAME SORT/SORT-MERGE AREA Clause

The function of the SAME SORT AREA or SORT-MERGE AREA clause is
to optimize storage area assignment to a given SORT or MERGE
statement. The system handles storage assignment automatically:;
therefore, the SORT AREA or SORT-MERGE AREA options, when
specified, are treated as documentation.

The SAME SORT AREA or SORT-MERGE AREA clause specifies one
storage area available for sort/merge operations by each named
sort or merge file. That is, the storage allocated for one such
operation is available for reuse in another.

When the SAME SORT AREA or SAME SORT-MERGE AREA clause is
specified, at least one specified file-name must name a sort or
merge file. Files that are not sort or merge files may also be
specified. The following rules apply:

° More than one SAME SORT AREA or SORT-MERGE AREA clause may
be specified; however, a sort or merge file must not be
named in more than one such clause.

. If a file that is not a sort or merge file is named in both
a SAME AREA clause and in one or more SAME SORT AREA or
SORT-MERGE AREA clauses, all of the files in the SAME AREA
clause must also appear in that SAME SORT AREA or SORT-MERGE
AREA clause.

¢ Files named in a SAME SORT AREA or SORT-MERGE AREA clause
need not have the same organization or access.

. Files named in a SAME SORT AREA or SORT-MERGE AREA clause
that are not sort or merge files do not share storage with
each other unless the user names them in a SAME AREA or SAME
RECORD AREA clause.

Rules for the specification of SAME RECORD AREA clause are given
in the Environment Division chapter.

SORT/MERGE—DATA DIVISION

In the File Section, the programmer must write an FD entry for
each file that is input to or output from the sort/merge
operation, and a record description entry.

In addition, there must be an SD (sort-merge-file-description)
entry for each sort or merge file, as well as a record
description, for each sort or merge file in the program. The SD
entry has the following format.
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Format—sSD Entry
SD file-name
[RECORD CONTAINS [integer-1 T0] integer-2 CHARACTERS]
[ RECORD IS ]

[DATA < > data-name-1 [data-name-2] ... 1.
[ RECORDS ARE J

The level indicator, SD, identifies the beginning of the SD
entry, and must precede the file-name.
The file-name must specify a sort or merge file.

The clauses that follow file-name are optional, and their order
of appearance is not significant.

Both the RECORD CONTAINS clause and the DATA RECORDS clause are
described in the chapter on the Data Division.

One or more record description entries must follow the SD entry.
Note, however, that no input/output statements may be executed
for this file.

See the System Dependencies chapter for further considerations.

The following example illustrates the File Section entries
needed for a sort or merge file:

SD SORT-FILE.
01 SORT-RECORD PICTURE X(80).

Q SORT/MERGE—PROCEDURE_DIVISION

The Procedure Division contains MERGE and SORT statements to
describe the merge and sort operations and, optionally, sort
input procedures and/or sort/merge output procedures. A sort
input procedure must contain a RELEASE statement that makes each
record available to the sorting operation. A sort/merge output
procedure must contain a RETURN statement that makes a
sorted/merged record available to the output procedure.

The Procedure Division may contain more than one SORT and/or
MERGE statements appearing anvuwhere except in the Declaratives
portion, or in the sort input or sort/merge output procedures.

Files specified in the USING and GIVING options of the SORT and
MERGE statements must be described explicitly or implicitly in
their File-Control entries as having sequential organization.

r IBM Extension —

However, this IBM implementation also allows the input and
output files to be any VSAM file with sequential access.

L End of IBM Extension !

Only one file-name from a multiple file reel can appear in a
SORT or MERGE statement.

Several SORT/MERGE statement options apply to both the SORT and

the MERGE statements. These options are discussed after the
descriptions of the MERGE and the SORT statements.
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MERGE STATEMENT

SORT STATEMENT

The MERGE statement combines two or more identically sequenced
files (that is, files that have already been sorted according to
an identical set of ascending/descending keys) on one or more
keys and makes records available in merged order to an ouput
procedure or output file.

Format

MERGE file-name-1

ON < KEY data-name-l1 [data-name-2] ...

[ ASCENDING ]
>
l DESCENDING I

r ASCENDING ] ’

[ON < > KEY data-name-3 [data-name-4] ... 1 ...
| DESCENDING |
L 4

[COLLATING SEQUENCE IS alphabet-namel

USING file-name-2 file-name-3 [file-name-4] ...

[ GIVING file-name-5
QUTPUT _PROCEDURE

[ THROUGH ]
IS section-name-1l [ < > section-name-21]

| THRU |

File-name-1 is the name given in the SD entry which describes
the record. The maximum number of files that can be merged is
eight.

L e e |

e A —

No file-name may be repeated in the MERGE statement.

When the MERGE statement is executed, all records contained on
file~-name-2, file-name-3, and so forth, are accepted by the
sort/merge program and then merged according to the kev(s)
spaecified. These files must not be open when the MERGE
statement is executed; they are automatically opened and closed
by the MERGE operation, with all implicit functions (such as
execution of any associated USE procedures) performed. The
files are closed as if the CLOSE statement is written with no
optional processing.

Rules for the ASCENDING/DESCENDING KEY option, the COLLATING
SEQUENCE option, the USING and GIVING options, and the
sort/merge OUTPUT PROCEDURE option are given in the following
section on SORT/MERGE Statement Options.

The SORT statement accepts records from one or more files, sorts
them according to specified key(s), and makes records available
either through an output procedure or in an output file.
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Format

SORT file-name-1

[ ASCENDING ]
ON < > KEY data-name-1 [data-name-2] ...
L DESCENDING J

[ON KEY data-name-3 [data-name-6] ... 1 ...

[ ASCENDING ]
< >
L DESCENDING |

[COLLATING SEQUENCE IS alphabet-namel

-

USING file-name-2 [file-name-31 ...
INPUT PROCEDURE

1
i
< Y.T_Hggugu] %
J

IS section-name-1 [ > section—-name-21]

| THRU |

L L J
. GIVING file-name-% ]
QUTPUT _PROCEDURE |
< >
[ ruroucH | |
IS section-name-3 [ < > section-name-%1 |

L THRU }

File-name-1 is the name given in the SD entry which describes
the records being sorted.

When the SORT statement is executed, all records contained on
file-name-2, file-name-3, and so forth, are accepted by the
sort/merge program, and then sorted according to the key(s)
specified. These input files must not be open at the time the
SORT statement is executed; they are automatically opened and
closed by the SORT operation, with all implicit functions (such
as execution of any associated USE procedures) performed. The
files are closed as if the CLOSE statement is written with no
optional processing.

Rules for the ASCENDING/DESCENDiNG KEY option, the COLLATING
SEQUENCE option, the USING and GIVING options, the sort INPUT
PROCEDURE option, and the sort/merge OUTPUT PROCEDURE option are

given in the following section on SORT/MERGE Statement Options.

SORT/MERGE STATEMENT OPTIONS

The SORT/MERGE statement options are: the ASCENDING/DESCENDING
KEY option, the COLLATING SEQUENCE option, the USING option, the
GIVING option, and the OUTPUT PROCEDURE option. In addition,
the SORT statement uses the INPUT PROCEDURE option. All are
discussed 1n the following sections.

ASCENDING/DESCENDING KEY Option

This option specifies that records are to be processed in an
ascending or descending sequence {(depending on the option
specified) based on the specified sort/merge keys.

Each data-name specifies a KEY data item on which the sort-merge
will be based. Each such data-name must identify a data item in
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a record associated with file-name-1. The following rules

apply: ~
. A specific KEY data item must be physically located in the t(dﬂ
same position and have the same data format in each input
file; however, it need not have the same data-name.

. If file-name-1 has more than one record description, then
the KEY data items need be described in only one of the
record descriptions.

. KEY data items must be fixed-length items.

. KEY data items must not cohtain an OCCURS clause or be
subordinate to an item that contains an OCCURS clause.

. A maximum of 12 KEY data items may be specified.

. ghe total length of all KEY data items must not exceed 256
vtes.

. All KEY data items must be located within the first 46092
bytes of the record.

. KEY data items may be qualified; they may not be subscripted
or indexed.

The KEY data items are listed in order of decreasing

significance, no matter how they are divided into KEY phrases.

Using the format as an example, data-name-1 is the most

significant key and records are processed in ascending or
descending order on that key; data-name-2 is the next most
significant key and within data-name-1 records are processed on
data-name-2 in ascending or descending order. Within

data-name-2, records are processed on data-name-3 in ascending

or descending order; within data-name-3, records are processed

on data—-name-% in ascending or descending order. /

The direction of the sort/merge operation depends on the
specification of the ASCENDING or DESCENDING key words as
follows:

. When ASCENDING is specified, the sequence is from the lowest
key value to the highest key value.

. When DESCENDING is specified, the sequence is from the
highest key value to the lowest.

. If the KEY data item is alphabetic, alphanumeric,
alphanumeric edited, or numeric edited, the sequence of key
values depends on the collating sequence used (see the
following COLLATING SEQUENCE Option description).

. The key comparisons are performed according to the rules for
comparison of operands in a relation condition (see the
Relation Condition description in the Conditional
Expressions chapter).

COLLATING SEQUENCE Option

242

This option specifies the collating sequence to be used in
nonnumeric comparisons for the KEY data items in this sort/merge
operation.

Alphabet-name must be specified in the SPECIAL-NAMES paragraph,
alphabet-name clause. Any one of the alphabet-name clause
options may be specified, with the following results:

. When NATIVE is specified, the EBCDIC collating sequence is
used for all nonnumeric comparisons. (The EBCDIC collating T
sequence is .given in Appendix G.) (
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USING Option

GIVING Option

. When STANDARD-1 is specified, the ASCII collating sequence
is used for all nonnumeric comparisons. (The ASCII
collating seaquence is given in Appendix G.)

. When the literal option is specified, the collating sequence
established by the specification of literals in the
alphabet-name clause is used for all nonnumeric comparisons.

When the COLLATING SEQUENCE option is omitted, the PROGRAM
COLLATING SEQUENCE clause (if specified) in the OBJECT-COMPUTER
paragraph specifies the collating sequence to be used. When
both the COLLATING SEQUENCE option and the PROGRAM COLLATING
SEQgENCE clause are omitted, the EBCDIC collating sequence is
used.

When the USING option is specified, all the records on
file-name-2, file-name-3, and so forth, (that is, the input
files), are transferred automatically to file-name-1. At the
time the SORT or MERGE statement is executed, these files must
not be open; the compiler opens, reads, makes records available,
and closes these files automatically. If EXCEPTION/ERROR
procedures are specified for these files, the compiler makes the
necessary linkage to these procedures. Up to eight files may be
specified.

The input files must have sequential organization.

T IBM Extension 1

However, this IBM implementation also allows these files to be
V5AM files with sequential access.

L End of IBM Extension 1

All input files must be described in an FD entry in the Data
Division, and their record descriptions must describe records of
the same size as the record described for the sort or merge
file. If the elementary items that make up these records are
not identical, the user must describe the input records as
having an equal number of character positions as the sort
record.

When the GIVING option is specified, all the sorted or merged
records in file-name-1 are automatically transferred to the
output file (MERGE file-name-5 or SORT file-name-4). At the
time the SORT or MERGE statement is executed, this file must not
be open; the compiler opens, reads, makes records available, and
closes the output file automatically. If EXCEPTION/ERROR
procedures are specified for the output file, the compiler makes
the necessary linkage to these procedures.

The output file must have sequential organization.

T IBM Extension 1

Howevar, this IBM implementation also allows this file to be a
VSAM file with sequential access.

L End of IBM Extension !

The output file must be described in an FD entry in the Data
Division, and its record description(s) must describe records of
the same size as the record described for the sort file. If the
elementary items that make up these records are not identical,
the user must describe the output record as having an equal
number of character positions as the sort or merge record.
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SORT INPUT PROCEDURE Option

This option specifies the section-name(s) of a procedure that is
to modify input records before the sorting operation begins.

Section-name-1 specifies the first (or only) section in the
input procedure. Section-name-2, when specified, identifies the
last section of the input procedure.

The input procedure must consist of one or more sections that
are written consecutively and do not form a part of any output
procedure. The input procedure must include at least one
RELEASE statement in order to transfer records to the sort-file.

Control must not be passed to the input procedure except when a
related SORT statement is being executed, because the RELEASE
statement in the input procedure has no meaning unless it is
controlled by a SORT statement. The input procedure can include
any procedures needed to select, create, or modify records.
There are three restrictions on the procedural statements within
an input procedure:

1. The input procedure must not contain any SORT or MERGE
-statements. » :

2. The input procedure must not contain any transfers of
control to points outside the input procedure. The
execution of a CALL statement to another program that
follows standard linkage conventions, or the execution of
USE declaratives are not considered transfers of control
outside an input procedure. Because of this, they are
allowed to be activated within these procedures.

T IBM Extension 1

However, the compiler permits the ALTER, GO TO, and PERFORM
statements in the input procedure to refer to
procedure-names outside the input procedure. However, it is
the user's responsibility to ensure a return to the input
procedure after exiting through a GO TO or a PERFORM
statement.

t - End of IBM Extension 4

3. The remainder of the Procedure Division must not contain any
transfers of control to points inside the input procedure
(with the exception of the return of control from a
Declaratives Section).

If an input procedure is specified, control is passed to the
input procedure when the SORT program input phase is ready to
receive the first record. The compiler inserts a return
mechanism at the end of the last section of the input procedure
and when control passes the last statement in the input
procedure, the records that have been released to file-name-1
are sorted. The RELEASE statement transfers records from the
Input Procedure to the sort file, which is then used in the
input phase of the sort operation (see "RELEASE Statement™).

SORT/MERGE OUTPUT PROCEDURE Option

244

This option specifies the section-name(s) of a procedure that is
to modify output records from the sort or merge operation.

Section—-name-1 specifies the first (or only) section in the
output procedure. Section-name-2, when specified, identifies
the last section of the output procedure.

The output procedure must consist of one or more sections that
are written consecutively and do not form a part of any input
procedure. The output procedure must include at least one
RETURN statement in order to make sorted/merged records
available for processing.

IBM VS COBOL for 0S/VS
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When all the records are sorted/merged, control is passed to the
output procedure. The RETURN statement in the output procedure
0} is a request for the next record (see "RETURN Statement™).

Control must not be passed to the output procedure except when a
related SORT or MERGE statement is being executed, because
RETURN statements in the output procedure have no meaning unless
they are controlled by a SORT or MERGE statement. The output
procedure may consist of any procedures needed to select,
modify, or copy the records that are being returned one at a
time, from the sort- or merge-file.

There are three restrictions on the procedufal statements within
the output procedure.

1. The output procedure must not contain any SORT or MERGE
statements.

2. The output procedure must not contain any transfers of
control to points outside the output procedure. The
execution of a CALL statement to another program that
follows standard linkage conventions, or the execution of
USE declaratives is not considered a transfer of control
outside an output procedure. Because of this, they are
allowed to be activated within these procedures.

r IBM Extension 1

However, the compiler permits the ALTER, GO T0, and PERFORM
statements in the output procedure to refer to
procedure-names outside the output procedure. However, it
is the user's responsibility to ensure a return to the
output procedure after exiting through a GO TO or a PERFORM
statement.

(:::a L End of IBM Extension 4

3. The remainder of the Procedure Division must not contain any
transfers of control to points inside the procedure (with
the exception of the return of control from a Declaratives
Section).

When an output procedure is specified, control passes to it
after the sort/merge file (file-name-1) has been placed in
sequence by the sort/merge operation. The compiler inserts a
return mechanism at the end of the last section in the output
procedure; when control passes the last statement in the output
procedure, the return mechanism terminates the sort or merge,
and passes control to the next executable statement after the
SORT or MERGE statement.

INPUT/0OUTPUT PROCEDURE Control

The INPUT or OUTPUT PROCEDURE options function in a manner
similar to Option 1 of the PERFORM statement (the simple
PERFORM). For example, naming a section in an QUTPUT PROCEDURE
option causes execution of that section during the sort/merge
operation to proceed as if that section were named in a PERFORM
statement. As with the PERFORM statement, execution of the
section is terminated after execution of its last statement.
The last statement in Input and Output Procedures can be the
EXIT statement (see "EXIT Statement™); this is useful for
documentation purposes.

RELEASE STATEMENT (SORT STATEMENT ONLY)

The RELEASE statement transfers records from an input/output
area to the initial phase of a sort operation.

Format

RELEASE record-name [FROM identifierl
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The RELEASE statement may be specified only within an Input
Procedure associated with a SORT statement. Within an Input ™
Procedure at least one RELEASE statement must be specified. L

When the RELEASE statement is executed, the current contents of
record-name are placed in the sort file; that is, made available
to the initial phase of the sort operation.

Record-name must specify a record associated with the SD entry
for file-name-1. Record-name may be qualified.

When the FROM identifier option is specified, the RELEASE
statement is equivalent to the statement MOVE identifier to
record-name, followed by the statement RELEASE record-name.
Moving takes place according to the rules for the MOVE statement
without the CORRESPONDING option.

Identifier and record-name must not refer to the same storage
area.

After the RELEASE statement is executed, the information in
record-name is no longer available, unless file-name-l is
specified in a SAME RECORD AREA clause, in which case
record-name is still available as a record of the other files
named in that clause. When the FROM identifier option is
specified, the information is still available in identifier.

When control passes from the Input Procedure, the sort file
consists of all those records placed in it by execution of
RELEASE statements.

RETURN STATEMENT

The RETURN statement transfers records from the final phase of a )
sort or merge operation to an input/output area. N

Format " A e
RETURN file~name RECORD [INTO identifierl

AT END imperative-statement

The RETURN statement may be specified only within an Output
Procedure associated with a SORT or MERGE statement. Within an
Output Procedure at least one RETURN statement must be
specified. i

When the RETURN statement is executed, the next record from
file~name is made available for processing by the Output
Procedure.

File-name must be described in a Data Division SD entry.

If more than one record description is associated with
file-name, these records automatically share the same storage;
that is, the area is implicitly redefined. After RETURN
statement execution, only the contents of the current record are
available; if any data items lie beyond the length of the
current record, their contents are undefined.

When the INTO identifier option is specified, the RETURN
statement is equivalent to the statement RETURN file-name,
followed by the statement MOVE record-name TO identifier.

Moving takes place according to the rules for the MOVE statement
without the CORRESPONDING option. Any subscripting or indexing
associated with identifier is evaluated after the record has
been returned and immediately before it is moved to identifier.
The INTO identifier option must not be specified if the sort or

merge file contains records of varying sizes. QijM

The record areas associated with}file—name and identifier must
not be the same storage area.
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After all records have been returned from file-name, the AT END
imperative-statement is executed, and no more RETURN statements
may be executed.

r IBM Extension 1

SORT/MERGE SPECIAL REGISTERS

SORT-RETURN

SORT~-FILE-SIZE,

Four special registers are available to Sort/Merge Feature
users. These special registers provide object-time
communication between the user and the Sort/Merge program; they
aid performance optimization. .

SORT-RETURN is available to both Sort and Merge programs.

SORT-RETURN is the name of a binary data item whose PICTURE is
59(4). It contains a return code of 0 or 16 at the completion
of a sorting operation to signify the success or failure,
respectively, of the sort operation. If the sort operation
abnormally terminates and there is no reference to this special
register anywhere in the program, a message is displayed on the
console. Then, the operator may continue or cancel the job.

SORT-RETURN must not be specified as an operand in the ACCEPT or
DISPLAY statements.

(See also the chapter on System Dependencies.)

SORT-MODE-SIZE, SORT-CORE-SIZE

SORT-FILE-SIZE, SORT-MODE-SIZE, and SORT-CORE-SIZE are available
only to the Sort operation. These registers can have control
information transferred into them at object time as the
receiving field of statements such as MOVE. (They must not be
operands in an ACCEPT or DISPLAY statement.) The control
inforﬁagion must be transferred before the SORT statement is
executed.

These registers are initialized to 0 by the compiler, but are

" not reset after a sort operation is completed. Thus, in a

program iith more than one SORT statement, any values in these
registers at the end of one sorting operation will still be
present at the beginning of the next, unless they are modified
by the programmer.

SORT~FILE-SIZE is the name of a binary data item whose PICTURE
is S9(8). It is used for the estimated number of records in the
file to be sorted. If SORT-FILE-SIZE is omitted, the Sort
Feature assumes that the file contains the maximum number of
records that can be processed with the available storage size
and number of work units. If the estimate exceeds the maximum,
the estimate will be ignored. )

SORT-MODE-SIZE is the name of a binary data item whose PICTURE
is 59(5). It is used for variable-length records. If the
length of most records in the file is significantly different
from the average record length, performance is improved by
specifying the most frequently occurring record length. If
SORT-MODE-SIZE is omitted, the average of the maximum and
minimum record lengths is assumed. For example, if records vary
in length from 20 to 100 bytes, but most records are 30 bytes
long, the value 30 should be moved to SORT-MODE-SIZE.
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PROGRAMMING NOTES

SORT-CORE~SIZE is the name of a binary data item whose PICTURE

is 59(8)., It is used to specify the number of bytes of storage
available to the sorting operation if it is different from the

storage size that the Sort Feature would normally use.

See also the chapter on System Dependencies.

L End of IBM Extension ]

Extreme caution should be used when sorting variable-length
records with embedded objects of tha OCCURS DEPENDING ON clause.
The following considerations apply:

1. The USING and GIVING options, since they preclude presetting
of the OCCURS DEPENDING ON object in the receiving record,
will probably lead to incorrect results.

2. Therefore, Input and Qutput Procedures should be specified.

In the Input Procedure, before the RELEASE statement is
executed, the user should move the OCCURS DEPENDING ON
object to the sort file record; this presets the sort file
recorg éength. The RELEASE statement can then be correctly
executed.

In the Qutput Procedure, the RETURN statement must not use
the INTO option. After the RETURN statement is executed,
and before any processing operation, such as a WRITE
statement, is issued, the object of the OCCURS DEPENDING ON
clause should be moved to the proper receiving field; this
presets the receiving record length before the processing
operation takes place.

The limit on fhe number of records that can be processed in one
sort operation is dependent on the amount of storage available
and the size and number of the sort work files.

r IBM Extensioﬁ 1

The sort special registers are especially useful in optimizing a
sorting operation to the specific number or size of records
expected to be processed during one execution of the program,
because values can be changed from one execution to the next.

L End of IBM Extension !

If extremely large files must be ordered, the program can be
written to sort segments of the file into several sorted files,
and then merge the sorted files into one output file.

r IBM Extension 1

The RERUN statement is especiaily useful when sort/merge

programs that order extremely large files are written. If for

any reason the program must be interrupted, the RERUN clause
allows the sort or merge to be restarted at the last checkpoint.

t — End of IBM Extension '

SORT/MERGE SAMPLE PROGRAM

This program provides a sorted record, for the current month, of
net sales within each on-site department of a manufacturing
company. It also provides a vear-to-date sorted record of net
sales by all employvees (on-site and off-site) for the current
year.

The records for the current month are read in unsorted order.
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First, the SORT statement for the current-month report is
executed. The INPUT PROCEDURE for this sorting operation is
SCREEN-DEPT SECTION, which removes the records for employees in
departments 7 and 9 (off-site employees) before releasing the
records for the sorting operation. Records for all on-site
emplovees are then released to the first sorting operation. The
records are then sorted in ascending order of department, and,
within each department, in descending order of net sales. The
output for this sort is then printed.

Next, the yearly report is updated. In this report, off-site
employees are included (that is, the USING option of the SORT
statement is specified, not the INPUT PROCEDURE option). For
the vearly report, the current month's records are sorted in
ascending order of department, and, within each department, in
ascending order of emplovee number.

After the second sorting operation is completed, the current
month's records are merged with the existing year-to-date
records. The records in this file are merged in ascending order
of department number, and, within each department, in ascending
order of employvee numbers, and, for each employee, in ascending
order of months.

When the MERGE statement execution is complete, an updated
vear—-to-date master file has been created.

IDENTIFICATION DIVISION.

PROGRAM-ID. SORT-IT.

ENVIRONMENT DIVISION.

CONFIGURATION SECTION.

SOURCE-COMPUTER. IBM-370-163.

OBJECT-COMPUTER. IBM-370-163.

SPECIAL-NAMES. SYSLST IS PRINTER.

INPUT-OUTPUT SECTION.

FILE-CONTROL.
SELECT NET-FILE-IN ASSIGN TO S$YS002-DA-3330-S-SORTIN.
SELECT NET-FILE-OUT ASSIGN TO SYS5003-DA-3330-5-SORTOUT.
SELECT NET-FILE-WORK ASSIGN TO SYS001-DA-3330-5-SORTWKI.
SELECT YTD-NET-FILE-IN ASSIGN TO 5Y5002-DA-3330-5-SORTIN.
SELECT YTD-NET-FILE-MASTER

ASSIGN TO S5YS004-DA-3330-S-YTDMSTR.
DATA DIVISION.
FILE SECTION.

SD NET-FILE-WORK
DATA RECORD IS SALES-RECORD.
01 SALES-RECORD.
05 EMPL-NO PICTURE 9(6).
05 DEPT PICTURE 9(2).
05 NET-SALES PICTURE 9(7)V99
05 NAME-ADDR PICTURE X(61).
05 MONTH PICTURE X(2).
FD NET-FILE-IN
LABEL RECORDS ARE STANDARD
DATA RECORD IS NET-CARD-IN.
01 NET-CARD-IN. ;
05 EMPL-NDO-IN PICTURE 9(6).
05 DEPT-IN PICTURE 9(2).
88 OFF-SITE-LOCATION VALUES ARE 7, 9.
05 NET-SALES-IN PICTURE 9(7)V99.
05 NAME-ADDR-IN PICTURE X(61).
05 MONTH-IN PICTURE X(2).
FD NET-FILE-OUT
LABEL RECORDS ARE STANDARD
DATA RECORD IS NET-CARD-OUT.
01 NET-CARD-OUT.
05 EMPL-NO-0UT PICTURE 9(6).
05 DEPT-0UT PICTURE 9(2).
05 NET-SALES-0UT PICTURE 9(7)V99.
05 NAME-ADDR-DUT PICTURE X(61).
805 MONTH-0UT PICTURE X(2).
FD YTD-NET-FILE-IN

LABEL RECORDS ARE STANDARD

Sort/Merge
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DATA RECORD IS YTD-NET-CARD-IN.
01 YTD-NET-CARD-IN.

05 YTD-EMPL-NO PICTURE 9(6).

05 YTD-DEPT PICTURE 9(2).

05 YTD-NET-SALES PICTURE 9(73V99.
05 YTD-NAME-ADDR PICTURE X(61).
05 YTD-MONTH PICTURE X(2).

FD YTD-NET-FILE-MASTER
LABEL RECORDS ARE STANDARD
DATA RECORD IS YTD-NET-CARD-MASTER.
01 YTD-NET-CARD-MASTER.
05 EMPL-NO-MASTER PICTURE 9(6).
05 DEPT-MASTER-MASTER PICTURE 9(2).
05 NET-SALES-MASTER-MASTER PICTURE 9(7)V99.
05 NAME-ADDR-MASTER-MASTER PICTURE X(61).
05 MONTH-MASTER-MASTER PICTURE X(2).
PROCEDURE DIVISION.
ELIM-DEPT-OFF-SITE-NO-PRINTOUT.
SORT NET-FILE-WORK
ASCENDING KEY DEPT
DESCENDING KEY NET-SALES
.INPUT PROCEDURE SCREEN-DEPT
‘ GIVING NET-FILE-OUT.
CHECK RESULTS SECTION.
C~-R~-1.
c-R OPEN INPUT NET-FILE-OUT.
-R-2.
READ NET-FILE-OUT AT END GO TO C-R-FINAL.
DISPLAY EMPL-NO-OUT DEPT-OUT NET-SALES-OUT
C-R-3 NAME-ADDR-QUT UPON PRINTER.

60 TO C-R-2.
C-R-FINAL.
CLOSE NET-FILE-OUT.
SPDATE YEARLY-REPORT SECTION.
Y-R-1.
SORT NET-FILE-WORK
ASCENDING KEY DEPT
ASCENDING KEY EMPL-NO
USING NET-FILE-IN
GIVING NET-FILE-QUT.
U-Y-R-2.
MERGE NET-FILE-WORK
ASCENDING KEY DEPT
ASCENDING KEY EMPL-NO
ASCENDING KEY MONTH
USING YTD-NET-FILE-IN, NET-FILE-OUT
GIVING YTD-NET-FILE-MASTER.
. _STOP RUN.
‘SCREEN DEPT SECTION.
S=<D-1.
p OPEN INPUT NET-FILE-IN.
-D-2.
READ NET-FILE-IN AT END GO TO S-D-FINAL.
DISPLAY EMPL-NO-IN DEPT-IN NET-SALES-IN
p NAME-ADDR-IN UPON PRINTER.
-D-3.

IF OFF-SITE-LOCATION GO TO S-D-2
ELSE
MOVE NET-CARD-IN TO SALES-RECORD
RELEASE SALES-RECORD .

GO TO S-D-2.
S-D-FINAL.
CLOSE NET-FILE-IN.
S- D END.
EXIT.
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REPORT WRITER (IBM EXTENSION

r IBM Extension . 1

The IBM Report Writer feature is designed according to the
specifications of American National Standard COBOL, X3.23-1968.
Thus, it can be considered an extension to American National
Standard COBOL, X3.23-1974; that is, use of this feature does
not guarantee results as defined in the 1974 standard.

The Report Writer allows the COBOL programmer to produce a
report by specifying the physical appearance of the report,
rather than by specifying the detailed procedures necessary to
produce that report.

REPORT WRITER CONCEPTS

The Report Writer feature simplifies the programming needed to
produce an output report in comparison with using
general-purpose COBOL statements to produce the same report.

Using general-purpose COBOL, the programmer must write detailed
procedures for determining the interrelationship of output
lines, for recognizing page overflow, for constructing headings
and footings, for recognizing ends of logical data groupings,
for formatting output lines, and for moving and performing
arithmetic on the data itself. Such programs are invariably
large and complex, and usually require a large amount of
debugging.

Using Report Writer, the programmer simply describes how the
report is to look, and what items are to control report logic.
The Report Writer feature then sets up the subroutines needed to
produce the report in the requested format.

The report is described physically and logically in the Report
Section of the Data Division; the few statements necessary to
cause the object program to perform the Report Writer
subroutines are written in the Procedure Division. The
following paragraphs give an overall description of Report
Writer logic.

DATA DIVISION CONCEPTS

RD Entry

In the Report Section of the Data Division, the programmer
completely describes the physical and logical aspects of each
report to be produced, through a report description (RD) entry,
and through associated report group description entries.

The RD entry is comparable to the FD entry for a file. This
entry names the report, and allows optional specification of
other clauses.

THE PAGE CLAUSE: allows the programmer, if page-by-page report
organization is required, to set up page parameters that specify
the total number of lines on each physical page, as well as line
limits within which each type (heading, detail, footing) of
report information can be printed. Figure 65 illustrates PAGE
clause concepts.
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RD EXPENSE~-REPORT

F—PAGE LIMIT IS 59 LINES
HEADING 1

FOOTING 52.

PAGE clause specifies:

—_

. Physical page depth

o

. Heading area

3. Area in which detail lines may appear

ES

. Area in which footing lines may appear

FIRST DETAIL 9
LAST DETAIL 48

-

ACME MANUFACTURING COMPANY
QUARTERLY. EXPENDITURES REPORT

JANUARY EXPENDITURES

———><:>1M0NTH . "DAY DEPT NO-PURCHASES TYPE COST  CUMULATIVE-COST
[TANUARY 01  A00 2 A 2.00
A02 1 A 1.00
A02 2 c 16.00
PURCHASES AND COST FOR 1-01 5 $19.00 $19.00
ok ok e b ok ok 3 sk sk sk 3ok ok sk sk sk sk ok ok sk sk ok ok ok sk ok ok ok sk ok e ke ok sk ok ok ok sk sk ok ok ok e 3k 3k ok sk ok ok ok ok 3k ok 3k sk ok ok sk ok oK 3k 3K ok %k % k ok ok ok
JANUARY 02  A01 2 B 2.00 )
AOU 10 A 10.00
AOY 10 c 80.00
PURCHASES AND COST FOR 1-02 22 $92.00 $111.00
sk 3k ok o sk ok ok sk sk ok ok sk sk ok ke sk ok e ok sk ok ok sk ok 3k ok sk ok sk sk ok ok ok ok ok sk sk sk sk sk sk sk 3k 3k sk ok ok ok ok ok ok sk 3k ok ok ok ok 3k ok sk sk sk ok sk ok sk ok ok 3k
JANUARY 05 A01 2 B 2.00
PURCHASES AND COST FOR 1-05 2 $2.00 $113.00
3k ok 3 3k ok ok s ok sk sk 3k ok ok s ok ok ok ok ok ok ok ok sk ok sk ok ok ok sk ok sk ok sk ok sk sk sk sk ok sk sk 3k 3k ok ok ok 3k sk ok ok sk sk sk ke ok ok ok sk ok 3k ok ok ok sk kol ok ok ok
JANUARY 08  AO01 10 A 10.00
A01 8 B 12.48
201 20 D 38.40
PURCHASES AND COST FOR 1-08 38 $60.88 $173.88
o 3k ok ok e sk e ke sk sk 3k sk sk ok % ok sk ok ok sk ok ok sk sk ok ok ok ok ok ok sk ok ke sk ok sk ok sk ok sk sk sk ok sk sk sk skosk sk sk e sk sk skok sk ok sk sk sk sk sk sk sk sk ke sk ok
JANUARY 13 A00 Sy B 6.24
A00 1 c 8.00
PURCHASES AND COST FOR 1-13 5 $14, 20 $188.12
% 3k 3k % ok ok ok 3k ok ok sk ok ok sk % ok ok ok sk ok ok sk ok sk ok ok ok ok ok sk sk sk sk st ok ok ok 3k ok ok ok ok ok 3k sk sk sk sk ok sk ok sk ok ok ok 3k 3k ok ok ok ok ke ok ok ok of ok ok ok ok
JANUARY 15 A00 10 D 19.20
A02 1 c 8.00
PURCHASES AND COST FOR 1-15 11 $27.20 $215.32
Sk sk ok ok ok sk ok ok ok sk A ok sk ok 3k ok sk sk ok sk ok sk 3k ok sk ok 3k ok ok sk sk ok sk sk 3k ok ok sk sk ok sk ok ok ok sk sk sk sk ok ok ok K oK 3k 3k ok e sk sk ok sk ok ok ok ok sk ok sk ok
JANUARY 21 203 10 E 30.00
A03 10 F 25.00
A03 10 G 50.00
PURCHASES AND COST FOR' 1-21 30 $105.00 $320.32
**********************************************************************
| JANUARY 23 A00 5 A 5.00
[PURCHASES AND COST FOR 1-23 5 $5.00 $325.32

***********************‘******************;k****************************

L

Figure 65. RD Entry—PAGE Clause Concepts

THE CONTROL CLAUSE: specifies data items whose values control

the report

logic. For example, a date field might be a control

item; a change in the date could cause extra spacing to be
inserted in the report. When such a field changes value, a
control break is said to occur. Figure 66 illustrates CONTROL

clause concepts.
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RD EXPENSE-REPORT
CONTROLS ARE FINAL
MONTH DAY-1

SO-EINES-
HEABING—
FIRST-DEPATEO-
-EASTE-DETATEL—48-
FOOPING-52+

CONTROL clause
specifies that
contro] breaks @—
occur when:

1. DAY report field
changes value

2. MONTH report field
changes value

3. FINAL report field
changes value (that
is when end-of-report

JANUARY EXPENDITURES (CONTINUED)

MONTH DAY DEPT NO-PURCHASES TYPE COST CUMULATIVE~-COST
JANUARY 26 A0k 5 A 5.00
AOL 5 B 7.80
PURCHASES AND COST FOR 1-26 10 $12.80 $338.12
sk sk ok sk ok ok sk ok sk ok sk sk sk ok sk sk ok sk ok sk 3k sk sk sk ok ok ok ok ok ok sk sk ok sk sk ok sfe sk ok sk sk sk ke ok ok ke sk ok ok sk ok ok s ok ok ok sk ok sk ok ok sk ok ok ok %k skok
JANUARY 27 AQO 6 B 9.36
A00 15 c 120.00
PURCHASES AND COST FOR 1-27 21 $129.36 $467.48
ok ok ok 3k sk ok sk ok sk 3k ok ok ok ok ok ok ok sk ok ok ok ok ok ok sl ok ok ok ok sk ok ook ok sk ok ok ok skok sieok ok sk sk ok ok sk sk sk sk ok sk sk ok ok sk ke sk sk ke ok sk sk ok ok ok sk K
JANUARY 30  A00 2 B 3.12
n02 10 a 10.00
A02 1 c 8.00
A04 15 B 23.40
AOU 10 c 80.00
PURCHASES AND COST FOR 1-30 38 $124.52 $592.00
Sk ok sk sk ok ke ok ok ok ok ok ok ok ok sk ok ok ok sk ok sk ok ok ok ok ok ok gk ok 3k sk ok sk sk ok sk ok ok ok ok ok ok ok ok sk ok ok ok skook sk ok sk ok sk ok ok sk ok ok ok ok ok ok sk ok sk ok ok
JANUARY . 31  AQ0 1 A 1.00
AOL 6 A 6.00
\[ [ PUrCHASES aND cosT FOR 1-31 7 $7.00 $599.00
3 3K 3k 3k ok ok ok s sk ok sk sk sk sk ok sk sk sk sk ok ok ok ok sk ok sk sk ok sk sk ok sk sk ok sk sk sk ook skook ok ok sk sk ok sk ok ok sk ok sk ok ok sk ok sk o ok sk sk ok sk sk ki sk ok skok K

TOTAL COST FOR JANUARY WAS $599.00

is reached. (Not
shown on this page.)

@_

Figure 66. RD Entry—CONTROL Clause Concepts

THE CODE CLAUSE: allows the programmer, when two reports are
written to one file, to specify a differentiating code character
for each.

Report Group Description Entries

Following the RD entry are one or more associated level-01
entries, known as report group description entries. Each such
level-01 entry, together with its hierarchy of subentries,
describes a report group—a unit of output information to be
produced in the report. A report group consists of one or more
complete lines in the report; it can never be a partial line.

Through the report group description entries, the physical and
logical characteristics of each report group are complgtgly
described. For each report group, the programmer specifies:

. Its function—Through a TYPE clause specified at the 01
level. The function of the group may be as a report, page,
or control heading or footing, or as a detail line. (A
control heading or footing is a report group produced only
when a control break occurs.)

. Its vertical spacing—Both within itself (if this report
group contains more than one complete line) and/or in
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relation to other report groups. Vertical spacing can be
specified as absolute (as a specific line on a page) or as
relative (as an increment to the last line printed).

The LINE Clause—Specifies absolute or relative spacing
for this report group.

The NEXT GROUP Clause—Specifies absolute or relative
spacing before the next report group is printed.

The Report Writer manipulates LINE and NEXT GROUP clause
spacing in accordance with the page parameters set up
- through the PAGE clause in the RD entry.

. Its horizontal spacing—Specified through the COLUMN clause
as an absolute displacement from the leftmost print position
and through the length and editing characteristics of the
associated PICTURE clause.

. Its contents—Specified through one of three clauses:

The VALUE Clause—Identifies the contents of this entry
as having a constant value to be used each time the
entry is produced.

The SOURCE Clause—Identifies a data item outside the
Report Section; whenever this report entry is to be
produced, the current value of this data item is used.

The SUM Clause—Identifies the contents of this footing

entry as being the result of addition operations.
Through the SUM clause various totals can be calculated
from the input data and printed as output in the final
report.

These report group description entry concepts are illustrated in
_ Figure 67.
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Report Writer Source Lines
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2 GROUP INDICATE PICTURE IS A(9)
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MONTHNAME OF RECORD-AREA (MONTH) . TYPE DETAIL (:)
13 GROUP INDICATE PICTURE IS 99
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CONTENTS - through:

SOURCE clauses @
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Figure 67. Report Group Description Entry Concepts

The Report Writer always treats a report group as a unit, even
though it may be printed on more than one line. When page
organization is specified, a report group is always printed on
one page; it is never begun on one page and completed on
another. Therefore, before anv report group is produced, the
Report Writer performs a page fit test, and if the complete
report group will not fit on this page (that is, if a page break
occurs) any necessary page footing is produced, the page is
ejected, and any necessary page heading is produced before this
report group is printed.

PROCEDURE DIVISION CONCEPTS

In the Procedure Division, three basic Report Writer statements
transfer control to the Report Writer subroutines: INITIATE,
GENERATE, and TERMINATE. 1In addition, the USE BEFORE REPORTING
Declarative sentence allows the programmer to specify special

Report Writer (IBM Extension) 255



INITIATE Statement

GENERATE Statement

TERMINATE Statement

procedures to be executed before specific report groups are

printed. %ﬁmx

The INITIATE statement is analogous to the OPEN statement for a
file. An INITIATE statement must be executed before Report
Writer processing can begin. Execution of the INITIATE
statement initializes counters, and so forth.

This statement causes the Report Writer to automatically produce
the various report groups defined in the Report Section, where
and when they are needed according to the report logic. Two
kinds of reporting are provided: summary reporting and detail
reporting.

SUMMARY REPORTING: In summary reporting, only heading and
footing report groups are produced by the Report Writer; they
are produced in the order required by the report logic. As
specified by the programmer, counters are reset each time a
report group is produced.

DETAIL REPORTING: In detail reporting, the Report Writer
produces the TYPE DETAIL report group named in the GENERATE
statement each time it is executed, as well as the heading and
footing report groups produced in summary reporting.

This statement is analogous to a CLOSE statement for a file.

Execution of the TERMINATE statement completes report processing

as if a control break at the highest level has occurred; all /
footing report groups up to the highest level are produced, all ML;V
counters are reset, and the Report Writer processing is ended. v

USE BEFORE REPORTING Sentence

This sentence, after a section header in the Declaratives
section, allows the programmer to write declarative procedures
to modify any heading or footing report group before it is
printed. Through such procedures, the programmer can specify
any special processing requirements beyond the basic Report
Writer functions.

Special processing may include any calculations required for the
report besides the additions provided through the SUM clause,
any editing of a line of the report, or some other modification
desired by the programmer.

The sample program at the end of this chapter illustrates Report
Writer features; it utilizes both detail and summary reporting.

Rules for writing COBOL programs using the Report Writer feature
are given . in the following sections.

REPORT WRITER—ENVIRONMENT DIVISION

In the Environment Division, there are special considerations

for the Special-Names paragraph and the File-Control entry.

SPECIAL-NAMES PARAGRAPH

When more than one report is to be wbitten on a file, the ™
identifying character to be used in the CODE clause must be m; N
given a mnemonic-name. W 4
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FILE-CONTROL ENTRY

Format
SPECTIAL-NAMES.
[function—-name-1 1S mnemonic~namel...

When used with the CODE clause, function—name-1 must be a
one-character nonnumeric literal.

Mnemonic-name follows the rules for formation of a
user-specified name; at least one character must be alphabetic.

The File~Control entry for the report file must specify a
physical sequential file.

REPORT WRITER—DATA DIVISION

FILE SECTION

REPORT CLAUSE

In the File Section, for each report to be produced, there must
b§ one or more FD entries, each of which contains a REPORT
clause.

In the Report Section, there must be a report description (RD)
entry for each report to be produced. The RD entry describes
the structure and organization of the report. Following each RD
entry, there must be one or more report group description
entriis to describe the conceptual characteristics of the
report.

The FD entry describes the physical structure of the file on
which the report is to be written and names any reports
associated with this file.

Format

FD file-name

[ REPORT IS ]
< > report-name-l [report-name-21 ...
L REPORTS ARE }

[RECORD CONTAINS [integer-1 T0l integer-2 CHARACTERS]

[BLOCK CONTAINS Clausel
LABEL RECORDS Clause
[DATA RECORDS Clausel
[VALUE OF Clausel.

File-name must specify a physical sequential file.

Specification of the BLOCK CONTAINS, LABEL RECORDS, DATA
RECORDS, and VALUE OF clauses is as described in the Data
Division chapter.

Special considerations for the REPORT clause, the RECORD
CONTAINS clause, and for record description entries follow.

The REPORT clause associates RD entries in the Report Section
gith the FD entry (or entries) for the report in the File
ection.

Each unique report-name must appear in the REPORT clause of the
FD entry (or entries) for the file(s) on which the report is
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produced. A given report-name may appear in a maximum of two
REPORT clauses.

The order in which report names appear in the REPORT clause is
not significant.

Each report-name must be the subject of an RD entry in the
Report Section. Each named report may have a unique s:ze,
format, logical structure, and so forth.

When an FD entry includes at least one REPORT clause, an

associated record description entry need not be specified,
because the associated RD entry and report group description
entries completely describe the records associated with this
file.

RECORD CONTAINS CLAUSE

The RECORD CONTAINS clause specifies the size of the report
record.

Integer-2 specifies the maximum size of the record. This size
includes the length of the print line, plus the carriage control
character, and, if the CODE clause is specified, the report code
character.

When integer-2 alone is specified, records are fixed length, and
the size of each print line and each blank line is as follows:

. When CODE clause is not specified (integer-2-1)

. When CODE clause is specified (integer-2-2)

See the System Dependencies chapter.

When both integer-1 and integer-2 are specified, records are

variable length. The 512e of each print line is calculated as
{or Iaxed length record? Blank lines are 17 characters in
eng

If the RECORD CONTAINS clause is omitted, the compiler assumes a
record size of 133 characters.

RECORD DESCRIPTION ENTRIES

REPORT SECTION

Optionally, the FD entry for a report file may be follouwed by
one or more record description entries.

When such entries are included and the file is used for OUTPUT,
the WRITE AFTER ADVANCING statement must be specified when
creating records for the file.

When Report Writer output is printed online, DISPLAY statements

to the same device in the same program should not be used, or

line control in the Report Writer output will be unpredictable.

The Report Section describes one or more reports to be produced.

The Report Section begins with the header REPORT SECTION. The
Report Section contains two types of entries. For each report,
the entries are written in the following order:

1. The RD Entry—uwhich names the report and describes the
physical structure and organization of the report.

2. Report Group Description Entries—which immediately follouw
the associated RD entry, and which specify the conceptual
characteristics of the report and the physical structure of
each printed line.
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RD ENTRY

‘:}? The RD entry describes the structure and organization of the
report.

Format
RD report-name

[WITH CODE mnemonic-namel

[ CONTROL IS ] [ FINAL ]
[ < > < > identifier-1 [identifier-21 ... 1
L CONTROLS ARE } L [FINAL] J

IMIT IS
IMITS ARE

—

[PAGE

integer-1

[ ———
| S |

[ INE
<

| LINE
L

e

L
L

-

S

[HEADING integer-2]
[EIRST DETAIL integer-31
[LAST DETAIL integer-4]
[FOOTING integer-51 1.

The clauses that follow the name of the RD entry are optional.
The order of their appearance is not significant. In one RD
entry, each may be specified only once.

O REPORT-NAME

/ The report-name must be unique and must immediately follow the
level indicator RD. The report-name must follow the rules of
formation for a user-specified name; at least one character must
be alphabetic. The report-name must also be specified in the FD
entry for the file on which this report is to be written.

Report-name is the only qualifier for the LINE~COUNTER and
PAGE~COUNTER special registers and for all data-names associated
with this report.

CODE CLAUSE

The CODE clause specifies an identifying character placed at the
beginning of each report line. This identifying character has
meaning only when more than one report is written on the file.

Mnemonic—name must be associated with a l-character nonnumeric
literal specified as function-name-1 in the Environment Division
SPECIAL-NAMES paragraph. This l-character literal is the code
character associated with each line of the report.

The code character precedes the carriage-control character at
the beginning of each line.

When the report is printed online, the CODE clause must not be
specified.
CONTROL CLAUSE

The CONTROL clause specifies the control hierarchy for the
report.

0 . . Identifier~-1 and identifier-2 must each specify different

fixed-length nonedited data items. That is, their descriptions
must be such that they neither occupy (partially or completely)
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the same area of storage, nor do their PICTURE strings contain
any editing characters. ldentifier~-l and identifier-2 must not {r\\
be defined within the Report Section. { ‘

Identifier-1 and identifier-2 are considered to be controls for
this report; when a control changes in value (that is, when a
control break occurs), special Report Writer actions are
performed. The order in which the controls are specified
represents their position, in descending order, within the
control hierarchy for this report.

FINAL, explicitly or implicitly, represents the highest level of
control. Identifier-l represents the major control,
identifier-2 represents the intermediate control, and so forth.
Thetlaft specified identifier is the minor (lowest level)
control.

In report groups for this report, FINAL and control identifiers
are the only valid operands named in TYPE CONTROL FOOTING or
RESET clauses.

The CONTROL clause is required when any control report groups
other than FINAL are used. When only a FINAL control is used,
the CONTROL clause may be omitted.

When a DETAIL report group is to be generated, controls are
tested for a control break.

Controls are tested in the order in which they appear in the
CONTROL clause: highest level first, then next highest level,
etc. When a control break is found for a particular level, a
control break is implied for each lower level control as well.

A control break for FINAL occurs only once, at the beginning and
ending of the report (that is, before the first detail line is
printed and after the last detail line is printed).

N
L s

To ensure that source fields in control headings and footings
contain correct data during control break processing, these
fields should be included in the CONTROL clause.

The action to be taken when a control break occurs depends on
what the programmer defines. For each control, one CONTROL
HEADING report group and/or one CONTROL FOOTING report group, or
neither may be specified.

Before the DETAIL group causing the control break is printed,
the specified control headings and footings are printed in the
following order:

1. Lowest level control footing

2. Next higher control footing

X. Control footing for which control break occurred

V. Control heading for which control break occurred
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PAGE CLAUSE

PAGE LIMIT integer-l

HEADING integer-2

z. Next lower control heading

n. Lowest level control heading
ntl. DETAIL line causing control break

If, while control footings are being printed, end-of-page is
reached (that is, a page break occurs), any PAGE FOOTING is
printed, a new page is begun, and any PAGE HEADING is printed.

The PAGE clause defines the logical page size and the vertical
subdivisions of the page size within which report groups are
presented.

The PAGE clause is required only when page format must be
controlled by the Report Writer. If page formatting is not
desired, the PAGE clause can be omitted; in this case all LINE
and NEXT GROUP clauses must specify relative line spacing.

When the PAGE clause is omitted, no PAGE-COUNTER or LINE-COUNTER
special registers are generated for this RD entry.

The options of the PAGE clause are discussed in the following
paragraphs. The permissible specifications for each option are
dependent on what other options have been specified. The
overall rules are:

L4 Integer-1 through integer-5 must be positive integers.
. Integer-2 through integer-5 must be in ascending order.

. Integer-5 must not exceed integer-1l.

Integer-l specifies the depth of the report page, and the last
line on which anything may be printed. If the PAGE clause is

specified, integer-1 must be specified. The report page depth
may or may not be equal to the physical page depth.

Integer-1 must not exceed 999.

Integer-2 specifies the first line number of the first heading
print group. Integer-2 is the first line on which anvthing may
be printed.

FIRST DETAIL integer-3

Integer-3 specifies the first line number of the first body
group (a body _group is a TYPE DETAIL, CONTROL HEADING, or
CozTROL FOOTING report group). No body group is printed before
integer-3.

LAST DETAIL integer-4

Integer-4% specifies the last line number of the last nonfooting
body group. No CONTROL HEADING or DETAIL report group is
printed after integer-4.
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.FOOTING integer-5

General Considerations

Integer-5 specifies the last line number of the last CONTROL (\
FOOTING report group. No CONTROL FOOTING report groups are -l
printed beyond integer-5. (PAGE FOOTING report groups are
printed beyond integer-5.)
The Report Writer uses the values specified in the PAGE clause
to establish lines on the logical page within which each TYPE of
report group can be printed. Figure 68 shows the valid page
area for each type of report group, and also which options of
the PAGE clause are required.
. Valid LINE Clause Specification Required PAGE Clause
TYPE Clause Option | p_ ¢ within PAGE Clause Ranges Entries
REPORT HEADING |integer-2 PAGE LIMIT integer-1
RH to
(separate page) integer-1
REPORT HEADING |integer-2 PAGE LIMIT integer-1
RH to FIRST DETAIL integer-3
(same page) integer-1
PAGE HEADING integer-2 1 PAGE LIMIT integer-1
PH to FIRST DETAIL integer-3
(integer-3 - 1)
CONTROL HEADING |integer-3 ' PAGE LIMIT integer-1
CH to
1 t ,,,,,
DETAIL integer-4 ‘ AN
DE N
CONTROL FOOTING |integer-3 PAGE LIMIT integer-1
CF to
integer-5
PAGE FOOTING (integer-5 + 1) 2 PAGE LIMIT integer-1
PF t
o ger-1 LAST DETAIL integer-4
: FOOTING integer-5
REPORT FOOTING integer-2 PAGE LIMIT integer-1
RF to
. LAST DETAIL integer-4
t: -1
(same page) integer FOOTING integer-5
REPORT FOOTING integer-2 PAGE LIMIT integer-1
RF to
(separate page) integer-1
1 1faPAGE HEADING report group follows a REPORT HEADING report group on the same page,
both must be printable in this area of the page.
2 1If a PAGE FOOTING report group precedes a REPORT FOOTING report group on the same page, both
must be printable in this area of the page.

Figure 68. galid LINE Clause Specifications for Each PAGE Clause
ange
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Figure 69 illustrates the areas defined in Figure 68.

FOOTING

FIRST DETAIL

LAST DETAIL

PAGE LIMIT

integer-3
integer-4i
integer-5

integer-1

'}3’1‘,’}{:‘3;3:5 REPORT PAGE DETAIL& | CONTROL PAGE
PAGE Clause HEADING/ | HEADING | CONTROL | FOOTING | FOOTING
; FOOTING HEADING
ntry
HEADING integer-2

1

Figure 69. PAGE Clause Ranges

When the PAGE clause is specified, and some or all of the
optional limits are omitted, the Report Writer assumes certain
values for each omitted specification. Figure 70 defines the
assumed values.

omitted PAGE LIMIT Entry
HEADING integer-2

FIRST DETAIL integer-3
LAST DETAIL integer-4
FOOTING integer-5

both LAST DETAIL integer-4 and
FOOTING integer-5

Default value Assumed

integer-2 =1

integer-3 integer-2

integer-4 integer-5

integer-5 integer-4

integer-4 & integar-5 =
integer-1

Figure 70. Values Assumed for Omitted PAGE Clause Options

If absolute line spacing is specified in the LINE clause for all
report groups, then integer-2 through integer-5 need not be
specified. If any of these limits are specified, and the report
uses only absolute line spacing, the limits are ignored.

When relative line spacing is specified for any report group,
all LINE NUMBER and NEXT GROUP spacing must be consistent with
t?e parameters specified (implicitly or explicitly) in the PAGE
clause.
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REPORT GROUP DESCRIPTION ENTRY

The report group description entry defines the format and
characteristics of a report group.

A report group consists of one or more printable lines treated
as a unit of a report; a report group may also be a null group,
that is, a nonprintable report group.

General Format l—Level-01 Group Entry

01 [data-namel
TYPE Clause
[LINE clausel
[NEXT GROUP clausel
[USAGE clausel.

General Format 2—Group Entry
level-number [data-namel

[LINE clausel

[USAGE clausel.
General Format 3—Elementary Entry
level~-number [data-namel
[COLUMN NUMBER IS integer]
[GROUP INDICATE]
[LINE Clausel

SQURCE IS identifier
SUM identifier-l [identifier-2] ... [UPON data-name-21]

< [ FINA ] >
[RESET ON < > 1]
l identifier-3 }

VALUE IS literal

PICTURE Clause

[USAGE Clausel

[BLANK WHEN ZERO Clausel
[JUSTIFIED Clausel.

General Format 4—Level-01 Elementary Entry

01 [data-namel
TYPE Clause
[LINE Clausel
[NEXT GROUP Clausel
[COLUMN Clausel
[GROUP INDICATE Clausel

[ SOQURCE Clause ]
< SUM Clause >
{ VALUE Clause J

PICTURE Clause

[USAGE Clausel

[BLANK WHEN ZERO Clausel
[JUSTIFIED Clausel.

A report is made up of one or more report groups, gach desgribed
by a hierarchy of entries similar to data description entries.

General Format l—Level-01 Group Entry

This format specifies the beginning of a report group
description entry, and is the first entry for a report group.
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General Format 2—Group Entry

This format specifies a group entry. Valid level-numbers are 02
through 48. A group entry has the following functions:

. To specify the LINE number of subordinate elementary entries
. To group subordinate elementary entries together
(If a group entry contains no LINE clause, and there are no

subordinate sum counters, this group entry serves only as
documentation.)

General Format 3—Elementary Entry

This format specifies an elementary entry. Valid level-numbers
are 02 through 49. An elementary entry has the following
functions:

U To describe a printable group. In this case a COLUMN
clause, a PICTURE clause, and either a SOURCE, SUM, or VALUE
clause must be specified.

. To describe a null group. In this case no COLUMN, VALUE, or
LINE clause may be specified.

Elementary groups (both printable and null) perform the
following summing functions:

. To describe an elementary DETAIL entry that specifies which
SOURCE items are to be summed when this DETAIL group is
produced (see SOURCE clause).

. To define a sum counter in an elementary CONTROL FOOTING
entry (see SUM clause). k

General Format 4—Level-01 Elementary Entry

This format describes a report group that consists of one
elementary entry. When General Format 4 is specified, this
entry must be the only entry for the report group.

General Considerations

The following rules apply for the specification of report group
description entries:

1. The first entry within the report group must be at level 01,
and must contain a TYPE clause. It may be either a General
Format 1 group entry, or, if it is the only entry in this
report group, it may be a General Format 4 elementary entry.

2. Immediately subordinate entries may follow. These may be
either General Format 2 group entries or General F