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PREFACE

This manual is published as a reference guide for programmers and systems
analysts whose programs written in the COBOL language are to be compiled and
executed in the Multics envirdnment. It is designed to provide a formal definition
of the COBOL language as specified in American National Standard COBOL X3.23-1974
and implemented for the Honeywell Series 60 (Level 68) computer systems. It
contains formats, syntax rules, and general rules for the construction of a
working COBOL source program. The manual is organized on the basis of a functional
processing concept in a manner similar to the standard specifications from which
it is derived.

Areas in this manual which are enclosed in boxes indicate LEVEL 68 extensions
to the American National Standard COBOL. Use of these extensions in COBOL source
programs intended to be compiled interchangeably by one or more COBOL compilers
may lead to different compilation and/or execution results.

Section I provides an overall outline of the COBOL divisions and their
uses. Section II presents a general treatment of all COBOL language concepts.
Section III explains the reference format used in COBOL programming, and Section
IV describes syntax rules used in this manual.

Section V describes the Control Division, a Honeywell extension that allows
the user to specify default values for the current compilation of the source
program. Section VI describes the Identification, Environment, and Data Divisions
in the nucleus; the Procedure Division in the nucleus 1is described in Section
VII.

Sections VIII through XI describe various language elements. Section VIII
describes elements that allow definition of tables and their subsequent manipulation
through subseripting and indexing. Elements necessary for the definition and
processing of sequential, relative, and indexed files are described in Section
IX. Section X describes input/output elements and elements required for sorting
files. Section XI describes language elements that provide the capability for
the segmentation of procedures into overlayable sections.

Section XII deseribes the library facility, which allows source text to be
copied from a library into a COBOL program.

Section XIII describes the debug feature, which allows the user to monitor
data items and procedures during the execution of the object program. Section
XIV describes the interprogram communication facility, through which a program
can communicate with one or more separately compiled programs.

The information and specifications in this document are
subject to change “without notice. This document contains
information about Honeywell products or services that may
not be available cutside the United States. Consult your
Honeywell Marketing Representative.

© Honeywell Information Systems Inc., 1981 File No.: 1L23
7/81 ASUyF



Section XV describes the communication facility that provides the capability
for accessing, processing, and creating messages.

Section XVI describes the Report Writer facility which provides for producing
reports by specifying the physical appearance of the report.

Appendix A contains a list of reserved words that may not be employed as
user-defined words.

Appendix B is a glossary of terms used in this manual. Many terms, such as
data-name and identifier, have similar meanings but very specific differences in
the technical sense, of which the user must be aware. The exact meaning of all
such terms, which is the intended meaning each time the word is used in this
manual, is contained in the glossary.

Appendix C contains ASCII and EBCDIC collating sequence and bit configuration
charts.

Appendix D describes FIPS leveling.

Other manuals that contain related supporting information are:

Multies COBOL Users' Guide, Order Number ASH3

Multies Users' Guide, Order Number AL40

Multies Programmers' Manual, Reference Guide, Order Number AG91

Multies Programmers' Manual, Commands and Active Functions, Order Number AG92

Multies Programmers' Manual, Subroutines, Order Number AG93

The symbology adopted throughout this manual to represent values in examples
and illustrations is essentially that used in American National Standard COBOL.
It is described more fully in Section IV. .

1. Lowercase characters represent symbolie information whose exact values
are supplied by the programmer.

2. UNDERLINED UPPERCASE CHARACTERS are key words used exactly as shown
and required when the functions of which they are a part are used.

3. UPPERCASE CHARACTERS NOT UNDERLINED are words reserved by COBOL, but
are optional when the functions of which they are a part are used.
(Refer to Appendix A.)

y, Braces { } usually indicate that a choice must be made from among the
list of values enclosed by the braces.

5. Brackets [ ] indicate that the enclosed contents are optional, and are
to be included in the source program as necessary.

6. The characters +, -, <, and > are required when they appear in formats,
even though they are not underlined.
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SECTION I

INTRODUCTION

GENERAL DESCRIPTION OF COBOL

COBOL is a programming language used throughout the world for programming
business data processing applications. The COBOL language was developed by a
group of computer users and manufacturers, and first documentation was
distributed in April 1960. Since then it has undergone many extensions and
changes resulting from manufacturer experience with COBOL implementation and
user experience with COBOL programming for computers of many sizes and
configurations. The improvements are embodied in this version of *he language
termed COBOL-T4,

From a computer user's standpoint, COBOL offers several advantages:

o It provides a quick means of program implementation.

o It reduces costs of converting programs from one computer system to
another.

o It reduces time and effort required for training programmers.

o It guarantees a measure of standard documentation.

COBOL allows the user to instruct computers in a language similar to
English. Following conventions of a standard reference format, the user writes
English statements in sentence and paragraph form to describe data tc be
processed and to specify required procedures. The complete body of statements is
called a source program.

The source program is always in a Multics segment created by a text editor,
from punched cards, or from magnetic tape. The segment is submitted as input to
the computer under control of a special program, called a compiler. The compiler
produces an object program in a Multies segment that contains the actual
sequence of machine instructions required to accomplish the functions specified
in the source program. In addition, the compiler produces edited listings that
include a printout of the source program.

Another important function of the compiler is to analyze the source program
for correct COBOL syntax and to print error comments for any syntax errors that
are detected. The computer's operation under control of the compiler is called
compilation.

1-1 ASkh



COBOL DIVISIONS

A Multics COBOL program comprises five divisions, each of which must be
constructed according to specific rules. (Refer to Section III.) A COBOL
division is a set of zero, one, or more sections or paragraphs; together they
constitute the division body. Paragraphs are likewise formed and combined in
accordance with a specific set of rules.

The following divisions are used to form a COBOL program and must appear in
the program in the following order:

o Control Division (optional)
o Identification Division

o Environment Division

o Data Division

o Procedure Division

Control Division

The optional Control Division contains the Defaulit Section. When it is
included 1in the source program, the Control Division must be the first division
in the program, preceding the Identification Division. The Default Section
allows compiler default conditions to be specified if other than standard
defaults are required.

General Format:
[ CONTROL DIVISION.

[REEAILLI SECTION. [ derault clauses] ... . ] ]
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Identification Division

The Identification Division must be included in every COBOL source program,
This division identifies the source program, the object program, and the
resultant output listing. The user may also include the date on which the
program is written, the date on which source program compilation is
accomplished, and other information as desired.

Paragraph headers identify the type of information contained in the
paragraph. The name of the program must be given in the first paragraph, the

PROGRAM-ID paragraph. The other paragraphs may be included at the discretion of
the user.

General Format:

PROGRAM-ID. program-name.

i AUTHOR. [ comment-entry ] . ]
’:Iﬂw. [ comment-entry ] e ]

:D_AIE:HRI_’I‘_’[E_N. , [ comment-entry ] cen ]

: DATE~-COMPILED. [ comment-entry ] .o ]

[aamm. [ comment-entry ] ... ]

- {visi

The Environment Division must be included in every COBOL source program.
This division provides a standard method of expressing those aspects of a data
processing problem that depend upon the physical characteristics of a specific
computer., In this division, the compiling computer and the executing computer
are specified. In addition, information relating to input/output control,

special hardware or operating system characteristies, and control techniques can
also be presented.

The Environment Division is divided into" the Configuration Section and the
Input-Cutput Section.

The Configuration Section provides program documentation for the hardware
characteristics of the computer used for compilation and of the computer used to
. execute the object program. Provisions are included in this section for

relating specific hardware and operating system features to user-specified
mnemonic names.
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The Configuration Section is subdivided into three paragraphs:

SOURCE-COMPUTER paragraph, which identifies the computer on which the
source program is to be compiled

OBJECT-COMPUTER paragraph, which identifies the computer on which the
object program produced by the compiler is to be executed

SPECIAL-NAMES paragraph, which associates hardware names and operating
system features with mnemonic-names used in the source program and
relates alphabet-names to character sets and/or collating sequences

The Input-Output Section is concerned with information needed to control
the transmission and handling of data between external devices and the object

program;

it is subdivided into the following two paragraphs:

FILE-CONTROL paragraph, which names all files used in the program and
associates them with internal file names, which are in turn associated
with I/0 switches by the operating system

I-0~-CONTROL paragraph, which defines special control techniques to be
used in the object program

CONFIGURATION SECTION.

SQURCE~-COMPUTER. source-computer-entry
OBJECT-COMPUTER. object-computer-entry
[ SPECIAL-NAMES. special-names-entry]
[.IKEHI:QHIBQI SECTION.
FILE-CONTROL. { file-control-entry } ...
[ 1-0-cONTROL.  1input-output-control-entry ] ]
Data Division

The
as input,
processed

Data Division describes the data that the object program is to accept
to manipulate, to create, or to produce as output. Data to be
falls into three categories:

That which is contained in files and enters or 1leaves the 1internal
memory of the computer from a specified area or areas

That which is developed internally and placed into intermediate or
working-storage, or placed into a specific format for reporting output

Constants that are defined by the user
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The Data Division is required in every COBOL program and is subdivided into

the File Section, the Working-Storage Section, the Constant Section, the Linkage
Section and the Communication Section.

Thg File Section defines the structure of data files. Each file is defined
by a fx}e description entry and one or more record descriptions. Record

descriptions are written immediately following the file description entry.

The Working-Storage Section describes records and noncontiguous data items

that are not part of external data files but are developed and processed
internally.

The Constant Section describes data items whose values are assigned in the
Source program and do not change during the execution of the object program.

The Linkage Section appears in the called program and describes data items
that are to be referred to by the calling program and the called program. Its
structure is the same as that of the Working-Storage Section. (Refer to Section
XIV for interprogram communication information.)

The Communication Section describes the data item in the source program
that serves as the interface between the COBOL Message Control System (CMCS) and
the program. (Refer to Section XV, "Communication Facility.")

General Format:

DATA DIVISION.

[ FILE SECTION.

l file-description-entry [ record-description-entry ] e

sort-file-description-entry { record-description-entry } oo ] . ]

[ WORKING-STORAGE SECTION.

['77—leve1-descr1ption-entry'] [ record-description-entry ] .o ]

[ CONSTANT SECTION.

[ T7-level-description-entry ] [ record-description-entry ] cee ]
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[ LINKAGE SECTION.

[ T77-level-description-entry ] [ record-description-entry ] .o ]

[ COMMUNICATION SECTION

[ Communication-description-entry [record-description-entry] cee ] .. ] I
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Procedure Division

The Procedure Division contains the procedures required to solve a given
problem and must be included in every COBOL source program. This division may
contain declarative and nondeclarative procedures,

PROCEDURE DIVISION HEADER

The Procedure Division is identified by and must begin with the following
header:

PROCEDURE DIVISION [ns.mn data-name-1 [ , data-name-2 ] ]
PROCEDURE DIVISION BODY

The body of the Procedure Division must conform to one of the following
formats:

Format 1i:

DECLARATIVES.

{section-name SECTION [segment-number] . declarative-sentence
[ paragraph-name. [ sentence ] ee ] e } e

END DECLARATIVES.

{ section-name SECTION [ segment-humber] .

[ paragraph-name. [ sentence ] . ] ve } e

Format 2:

{ paragraph-name. { sentence ] - } een
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DECLARATIVES

Declarative sections must be grouped at the beginning of the Procedure
Division, preceded by the key word DECLARATIVES, and followed by the key words
END DECLARATIVES. (Refer to the USE statement applications in Section IX.)

PROCEDURES

A procedutre is composed of a paragraph, or group of successive paragraphs,
or a section, or a group of successive sections within the Procedure Division.
If one paragraph 1is in a section, then all paragraphs must be in sections. A
procedure-name is a word used to refer to a paragraph or section in the source

program in which it occurs. It consists of a paragraph-name (which may be
qualified) or a section-name.

The end of the Procedure Division and the physical end of the program is

that physical position in a COBOL source program after which no further
procedures appear.

A section consists of a section header followed by zero, one, or more
Successive paragraphs. A section ends immediately before the next section or at
the end of the Procedure Division or, in the declarative portion of the
Procedure Division, at the key words END DECLARATIVES.

A paragraph consists of a paragraph-name followed by a period and a space
and by zero, one, or more successive sentences. A paragraph ends immediately
before the next paragraph-name or section-name or at the end of the Procedure

Division or, in the declarative portion of the Procedure Division, at the key
words END DECLARATIVES.
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STATEMENTS AND SENTENCES

A sentence is a sequence of one or more statements, the last of which is
term§n§ted by a period followed by a space. The three types of sentences are
conditional sentences, compiler-directing sentences, and imperative sentences.

A statement is a syntactically valid combination of words and symbols
written in the Procedure Division and beginning with a COBOL verb. The three
types of statements are conditional statements, compiler-directing statements,
and imperative statements.

The term "identifier" is defined as the word or words necessary to make
unique reference to a data item.

Execution begins with the first statement of the Procedure Division,
excluding declaratives. Statements are then executed in the order in which they
are presented for compilation, except where the rules indicate some other order.

Conditional Statements and Sentences

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. A conditional statement is one of the following:

® CALL (OVERFLOW), 1IF, RETURN (AT END), SEARCH (AT END), STRING
(OVERFLOW), and UNSTRING (OVERFLOW) statements
READ statement that specifies the AT END or INVALID KEY phrase
WRITE statement that specifies the INVALID KEY or END-OF-PAGE phrase

® DELETE, REWRITE, or START statement that specifies the INVALID KEY
phrase

L Arithmetic statement (ADD, COMPUTE, DIVIDE, MULTIPLY, SUBTRACT) that
specifies the SIZE ERROR phrase

o A RECEIVE statement that specifies a NO DATA phrase

A conditional sentence is a conditional statement terminated by a period
followed by a space. The conditional statement may be optionally preceded by an
imperative statement.

Compiler-Directing Statements and Sentences

A compiler-directing statement consists of a compiler-directing verb and
its operands. Compiler-directing verbs are COPY and USE. A compiler-directing
statement causes the compiler to take a specific action during compilation.

A compiler-directing sentence is a single compiler-directing statement
terminated by a period followed by a space.
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Imperative Statements and Sentences

An imperative statement indicates a specific unconditional action to be
taken by the object program. An imperative statement is any statement that is
neither a conditional nor compiler-directing statement. An imperative statement

may consist of a sequence of imperative statements, each possibly separated from
the next by a separator. Imperative verbs are:

ACCEPT EXIT REWRITE (MNote 2)
ADD (Note 1) GO TO SEND
ALTER ’ INSPECT SET
CALL MERGE SORT
CANCEL MOVE START (Note 2)
CLOSE MULTIPLY (Note 1) STOP
COMPUTE (Note 1) OPEN STRING (Note 3)
DELETE (Note 2) PERFORM SUBTRACT (Note 1)
DISABLE PURGE UNSTRING (Note 3)
DISPLAY READ (Note 1) WRITE (Note 2)
DIVIDE (Note 1) RECEIVE (Note 5)
ENABLE RELEASE
Notes: 1. Without the optional SIZE ERROR phrase

2. Without the optional INVALID KEY phrase

3. Without the optional ON OVERFLOW phrase

y, Without the optional AT END or INVALID KEY phrase

5. Without the optional NO DATA phrase

When the term "imperative-statement™ appears in the general format of
statements, it refers to that sequence of consecutive imperative statements that
must be ended by a period, an ELSE phrase associated with a previous IF
statement, or a WHEN phrase assoclated with a previous SEARCH statement.

An i3 an imperative statement terminated by a period followed by a space.

Categories of Statements

Verbs available in COBOL are 1listed below within their functional
categories:

Category Verbs

ADD

COMPUTE

DIVIDE
Arithmetic INSPECT (TALLYING)

MULTIPLY

L SUBTRACT

CoPY

Compiler-Directing USE
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Category Verbs

" ADD (SIZE ERROR)

CALL (OVERFLOW)

COMPUTE (SIZE ERROR)

DELETE (INVALID KEY)

DIVIDE (SIZE ERROR)

IF

MULTIPLY (SIZE ERROR)

READ (AT END or INVALID KEY)
Conditional ¢ RETURN (AT END)

RECEIVE (NO DATA)

REWRITE (INVALID KEY)

SEARCH (AT END)

START (INVALID KEY)

STRING (OVERFLOW)

SUBTRACT (SIZE ERROR)
UNSTRING (OVERFLOW)

_ WRITE (INVALID KEY or END-OF-PAGE)

ACCEPT (DATE, DAY, or TIME)
INSPECT (REPLACING)

Data Movement < MOVE

STRING

.. UNSTRING

Ending STOP

ACCEPT (identifier)
CLOSE
DELETE
DISABLE
DISPLAY
ENABLE
Input/Output OPEN
{ PURGE

READ

RECEIVE

REWRITE

SEND

START

STOP (literal)
[ WRITE

Interprogram CALL
Communication CANCEL

[ MERGE

1 RELEASE
Ordering RETURN
_ SORT

[ ALTER
CALL
Procedure Branching { EXIT

GO TO

| PERFORM

SEARCH
SET

Table Handling
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Specific Statement Formats

The specific statement formats, together with a detailed discussion of the
restrictions and limitations associated with each, appear in alphabetic sequence
in the appropriate sections of this manual. (Refer to the index.)

S48
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SECTION II

LANGUAGE CONCEPTS

CHARACTER SET

The basic and indivisible unit of the language 1is the character. The
character set used to form COBOL character-strings and separators consists of 85
characters, including both uppercase and lowercase letters, digits, and special
characters. In the case of nonnumeric literals, comment-entries, and comment
lines, the character set is expanded to include the computer's entire character
set. The characters allowable in each type of character-string and as
separators are defined in this section and in Appendix B.

Individual characters of the language are joined to form character-strings
and separators. A separator may be concatenated with another separator or with
a character-string. A character-string may be concatenated only with a
separator. The concatenatinn of character-strings and separators forms the text
of a source program.

Uppercase and lLowercase lLetters

In Multies COBOL, the user can employ both lowercase and uppercase letters
to form character-strings wherever the rules for formation of character-strings
allow the usage of uppercase letters.

Two characters form a corresponding uppercase and lowercase pair if they
differ only in case (for example, A and a). The following rules define the
conditions under which two characters of a corresponding uppercase and lowercase
pair are treated as two distinct characters or as the same character.

Within PICTURE character-strings, in user words, and in reserved words, the
two characters of a corresponding uppercase and lowercase pair are treated as
specifying the same character. (For example, PIC X and pic x both describe a
one-character alphanumeric item. Further, MOVE, move, and Move are all
considered correct usages of the reserved word MOVE.)
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The two characters of a corresponding uppercase and lowercase pair are treated
as two distinet characters in the following cases:

Within nonnumeric literals and comment-entries. For example, these two
statements are different:

IF "A" EQUALS TEMP

IF "a"™ EQUALS TEMP ...

Within internal file names (in the SELECT clause)
Within program-id (in the Identification Division)

Within text-name (in the COPY statement)

Separators

12/79

A separator is a string of one or more punctuation characters. The rules
for forming separators are:

1.

The punctuation character space is a separator. Wherever a space is
used as a separator in a program, more than one space may be used.

The punctuation characters comma, semicolon, and period, when
immediately followed by a space, are separators. These separators may
appear in a COBOL source program wherever explicitly permitted by the
general formats, by format punctuation rules, by statement and sentence
structure definitions, or by reference format rules. (Refer to Section
I11.)

NOTE: Multics COBOL also allows comma and semicolon separators to appear
anywhere a space can appear.

The punctuation characters right parenthesis and left parenthesis are
separators. Parentheses may appear only in balanced pairs of left and
right parentheses delimiting subscripts, indexes, arithmetic
expressions, or conditions.

The punctuation character 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 separators: space, comma, semicolon, period, or right
parenthesis.

Quotation marks may appear only in ©balanced pairs delimiting
nonnumeric literals, except when the literal is continued. (Refer to
"Continuation of Lines" in Section III.)

Pseudo-text delimiters are separators which consist of two contiguous
equal sign (==) characters on the same line. An opening pseudo-text
delimiter must be imnediately preceded by a space; a closing pseudo-text
delimiter must be immediately followed by one of the separators space,
comma, semicolon, or period. Pseudo-text delimiters may appear only in
balanced pairs delimiting pseudo-text.
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6. The separator space may immediately precede all separators except:

a. As specified by the reference format rules.

b. The closing quotation mark, in which case a preceding space is
considered as part of the nonnumeric literal and not as a
separator.

c. As the opening pseudo-text delimiter, where the preceding space

is required.

7. The separator space may immediately follow any separator except the
opening quotation mark, in which case a following space is considered
as part of the nonnumeric literal and not as a separator.

Any punctuation character that appears as part of the specification of a
PICTURE character-string or numeric literal is not considered as a punctuation
character, but rather as a symbol used in the specification of that PICTURE
character-string or numeric 1literal. PICTURE character-strings are delimited
only by the separators space, comma, semicolon, or period.

Rules established for the formation of separators do not apply to the

characters that make up the contents of nonnumerie literals, comment-entries, or
comment lines.

Character-Strings

A character-string is a character or sequence of contiguous characters that
form a COBOL word, a literal, a PICTURE character-string, or a comment-entry. A
character-string is delimited by separators.

COBOL WORDS

A COBOL word is a character-string of not more than 30 characters that
forms a user-defined word, a system-name, or a reserved word. Within a given
source program, these classes form disjoint sets; a COBOL word may belong to
only one class.

User-Defined Words

A user-defined word 1s a COBOL word that the user must specify to satisfy
the format of a clause or statement. Each character of a user-defined word is
selected from the following set of characters:

o A, B, C, ..., Z

o a, b, e, ..., z

o 0, 1, 2, ..., 9

° - (hyphen)

NOTE: The hyphen may not appear as the first or last character.
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There are 15 types of user-defined words:

alphabet-name mnemonic-name
cd-name paragraph-name
condition-name program-name
data-name record-name
file-name section-name
index-name segment-number
level-number text-name

library-name

Within a given source program, 13 of these 15 types of user-defined words
are grouped into the following 11 disjoint sets:

alphabet-names
cd-names
condition-names, data-names, and record-names
file-names
index-names
library-names
mnemonic-names
paragraph-names
program-names
section-names
text-names

All user-defined words, except segment-numbers and level-numbers, can
belong to only one disjoint set. Further, all user-defined words within a given
disjoint set must be unique, either because no other user-defined word in the
same source program has identical spelling or punctuation, or because uniqueness
can be ensured by qualification. (Refer to "Uniqueness of Reference" in this
section.)

With the exception of paragraph-name, section-name, level-number, and
segment-number, all user-defined words must coritain at 1least one alphabetic
character. Segment-numbers and level-numbers need not be unique; a given
specification of a segment-number or level-number may be identical to any other
segment-number or level-number and may even be identical to a paragraph-name or
section-name.

CONDITION-NAME

A condition-name is a name that is assigned to a specific value, set of
values, or range of values, within a complete set of values that a data item may
assume. The data item itself is called a conditional variable.

Condition-names may be defined in the Data Division or in the SPECIAL-NAMES
paragraph within the Environment Division where a condition-name must be
assigned to the ON STATUS or OFF STATUS, or both, of SWITCH=-n.

A condition-name is used only as an abbreviation for the relation
condition; this relation condition stipulates that the associated conditional
variable is equal to one of the set of values to which that condition-name is
assigned.
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MNEMONIC-NAME

A mnemonic-name assigns a user-defined word to a hardware or operating

system feature. These assoclations are established in the SPECIAL-NAMES
paragraph of the Environment Division.

PARAGRAPH-NAME

A paragraph-name 1is a word that names a paragraph in the Procedure
Division. Paragraph-names are equivalent only if they are composed of the same
sequence of the same number of digits and/or characters.

SECTION-NAME

A section-name is a word that names a section in the Procedure Division.

Section-names are equivalent only if they are composed of the same sequence of
the same number of digits and/or characters.

OTHER USER-DEFINED WORDS

Refer to Appendix B for definitions of other types of user-defined words.

System-Names

A system-name is a COBOL word that 1s used to communicate with the
operating enyirqnment. System-names are used to refer to a specific feature of
the hardware/software environment, such as SYSOUT, SYSIN, etc.

Reserved Words

A reserved word 1is a COBOL word that is one of a specified list of words
that may be used in COBOL source programs but must not appear in the programs as
user-defined words. Reserved words can be used only as indicated in the general
formats. (Refer to Appendix A for a listing of the reserved words.)

The seven types of reserved words are:

Key words

Optional words
Connectives

Special registers
Figurative constants

Special-character words

System-names
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KEY WORDS

A key word is a word whose presence 1is required when the format in which
the word appears 1is used in a source program. Within each format, such words
are uppercase and underlined. The three types of key words are:

L ] Verbs, such as ADD and READ
® Required words, which appear in stétement and entry formats

® Words that have a specific functional meaning, such as NEGATIVE and
SECTION

OPTIONAL WORDS

. Within each format, uppercase words that are not underlined are called
optional words and may be specified at the discretion of the user. The presence

or absence of aa optional word does not alter the semantics of the COBOL program
in which it appears.

CONNECTIVES

The three types of connectives are:

L) Qualifier connectives that.  are used to associate a data-name,
ccndition-name, text-name, or paragraph-name with its qualifier: OF,
It

® Series connectives that link two or more consecutive operands: ,

(separator comma) or ; (separator semicolon)

® Logical connectives used in the formation of conditions: AND, OR

SPECIAL REGISTERS

Certain reserved words are used to name and reference special registers.
Special registers are designated compiler-generated memory areas whose primary
use is to store information produced in conjunction with specific COBOL
features. The special register is LINAGE-COUNTER.

FIGURATIVE CONSTANTS

Figurative constants are reserved words used to name and reference specific
compiler-generated constant values. (Refer to "Figurative Constant Values"
later in this section.)
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SPECIAL-CHARACTER WORDS

Arithmetic operators, e.g., + and -, and relational characters, e.g., >
and =, are reserved words. (Refer to Appendix B for definitions.)

r <

SYSTEM-NAMES

System-names are wused to refer to a specific feature of the
hardware/software environment, such as SYSOUT, SWITCH-n, CATALOG-NAME, etc.

LITERALS

A literal is a character-string whose value is implied by an ordered set of
characters of which the literal is composed or by specification of a reserved

word that references a figurative constant. Literals are either nonnumeric or
numeric.

Nonnumeric Literals

A nonnumeric 1literal is a character-string delimited on both ends by
quotation marks and consisting of any ASCII characters. A nonnumeric literal
may be up to 256 characters in length. To represent a single quotation mark
character within a nonnumeric 1literal, two contiguous quotation marks must be

used. The value of a nonnumeric 1literal in the object program is the string of
characters itself, except that:

° Delimiting quotation marks are excluded.

@ Each embedded pair of contiguous quotation marks represents a single
quotation mark character.

All other punctuation characters are part of the value of the nonnumeric
literal rather than separators; all nonnumeric 1literals are categorized as
alphanumeric. (Refer to "PICTURE Clause" in Section VI.)

Nonprinting Characters

Any character within a nonnumeric literal can be represented by a string of
digit pairs encloused within quctation marks. In the following example of such a
string, the 1leftmost digit 1in a palr represents the 1left five bits of the
character and the rightmost digit represents the right four bits of the

character:
mAX4"3IBHCYZ"

Thus, AX4 and YZ represent normal ASCII characters, and 3BHC represents the
following bit pattern (see Table 2-1 for digit values):

*00011 1011 10001 1100"
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Note that the symbol A is included in the example only to

characters and to improve its reada

Binary values for these digit pairs are listed in Table 2-1.

bility.

indicate

blank

Digits on the

left side of the table can be used as either the .oftmost or rightmost digit of

a pair. However, digits on the right side of the table can be used only as the
leftrost digit.
Table 2-1. Values of Digit Pairs in Nonnumeric lLiterals
Left or Right Binary Left Digit Binary
Digit Value Only Value
0 0000 G 10000
1 0001 H 10001
2 0010 1 10010
3 0011 J 10011
Y 0100 K 10100
5 0101 L 10101
6 0110 M 10110
7 0111 N 10111
8 1000 0 11000
9 1001 P 11001
A 1010 Q 11010
B 1011 R 11011
c 1100 S 11100
D 1101 T 11101
E 1110 U 11110
F 1111 v 1111
NOTE: The specification of nonprinting characters may change in
subsequent releases of Multics COBOL. The Multics COBOL user
should be prepared to modify programs that contain nonprinting
characters.
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Numeric Literals

A numeric literal 1is a character-string whose characters are selected from
the digits 0 through 9, the plus sign, the minus sign, and the decimal point.. A

numeric 1literal may be from one to 18 digits in length. Rules for forming
numeric literals are:

1. A literal must contain at least one digit.

2. A literal must contain no more than one sign character. If used, a

sign character must appear as the leftmost character of the literal.
If unsigned, the literal is positive.

3. A literal must contain no more than one decimal point. The decimal
point is treated as an assumed decimal point and may appear in any
location within the literal except as the rightmost character. If the
literal contains no decimal point, the literal is an integer.

If a literal conforms to the rules for the formation of numeric
literals but 1is enclosed in quotation marks, it 1is a nonnumeric
literal and is treated as such by the compiler.

LR The value of a numeric literal is the algebraic quantity represented
by the characters in the numeric literal. Every numeric literal is
category numeric. The size of a numeric literal 1in standard data
format characters is equal to the number of digits specified by the

user. (Refer to "PICTURE Clause"™ in Section VI for additional
information.) '

Figurative Constant Values

Figurative constant values are generated by the compiler and are referenced
by using the reserved words given below. These words must not be delimited by
quotation marks when they are used as figurative constants. The singular and
plural forms of figurative constants are equivalent and may be used
interchangeably. Figurative constant values and reserved words used to
reference them are:

ZERO/ZEROS/ZEROES Represents the value '0', or one or more of the
character '0', depending on the context in which
it appears.

SPACE/SPACES Represents one or more of the character space
(octal 040).

HIGH-VALUE/HIGH-VALUES Represents one or more of the character that has
the highest ordinal position in the program
collat!ing sequence. If a PROGRAM COLLATING
SEQUENCE clause is not present, the character
assoclated with HIGH-VALUE is the character
represented by octal 177. If the program contains
a PROGRAM COLLATING SEQUENCE clause in the
OBJECT-COMPUTER paragraph, the actual ASCII
character associated with HIGH-VALUE depends upon
the cellating sequence 3specified by that clause.
If the alphabet-name specified is EBCDIC, that
character 1is represented by octal 377. If the
alphabet-name is user-defined, that value
correspends to the position of the highest
explicitly or 1implicitly specified character in
the alphabet specified.
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LOW-VALUE/LOW-VALUES Represents one or more of the character that has

the lowest ordinal position in the program
collating sequence. If a PROGRAM COLLATING
SEQUENCE clause is not present, the character
associated with LOW-VALUE is the character
represented by octal 000. If the program coatains
a PROGRAM COLLATING SEQUENCE clause in the
OBJECT-COMPUTER paragraph, the octal ASCII
character associated with LOW-VALUE depends upon
the collating sequence specified by that clause.
If the alphabet-name specified is EBCDIC, that
character 1is represented by octal 000. If the
alphabet-name is user-defined, that value
corresponds to the position of the lowest
explicitly or implicitly specified character in
the alphabet specified.

QUOTE/QUOTES Represents one or more of the quotation mark

character ("). The word QUOTE or QUOTES cannot be
used in place of a quotation mark 1in a source
program to delimit a nonnumeric literal. For
example, the phrase QUCTE ABD QUOTE is incorrect
as a method of stating the nonnumeric literal
"ABD".

ALL literal Represents one or more characters of the string of

characters that make up the literal. The literal
must Dbe either a nonnumeric literal or a
figurative constant other than ALL literal. When
a figurative constant is wused, the word ALL is
redundant and is included in the source program
only for readability.

When a figurative constant represents a string of one or more characters,

the length of the string is determined by the compiler from context according to
the following rules:

When a figurative constant is associated with another data item, such
as when the figurative constant is moved to or compared with another
data item, the string of characters specified by the figurative
constant is repeated character by character on the right until the
size of the resultant string is equal to the size in characters of the
assoclated data item. This is accomplished prior to and independent
of the application of any JUSTIFIED clause that may be associated with
the data item.

When a figurative constant is not assocliated with another data item,
such as when the figurative constant appears in a DISPLAY, STRING,
STOP, or UNSTRING statement, the length of the string 1s one
character.

A figurative constant may be used wherever a literal appears in a format,

except that whenever the literal is restricted to numeric characters, the only
figurative constant permitted is ZERO (ZEROS, ZEROES).

reserved .word used to reference a figurative constant value i3 a

distinct character-string with the exception of the construction '*ALL literal'’
which is composed of two distinct character-strings.

10/77
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PICTURE CHARACTER-STRINGS

) A PICTURE character-string consists of certain combinations of characters
in the COBOL character set used as symbols.

Any punctuation character that appears as part of the specification of a
PICTURE character-string is not considered as a punctuation character, but
rather as a symbol used in the specification of that PICTURE character-string.
(Refer to M"PICTURE Clause" in Section VI for a discussion of the PICTURE
character-string and for the rules governing its use.)

COMMENT-ENTRIES

A comment-entry is an entry in the Identification Division that may be any

combination of characters. A comment-entry has no effect on the operation of a
COBOL program.

COMPUTER INDEPENDENT DATA DESCRIPTION

To make data as computer-independent as possible, the characteristics or
propertiés of the data are described in relation to a standard data format
rather than to an equipment-oriented format. This standard data format is
oriented to general data processing applications and uses the decimal system to
represent numbers and the remaining characters in the COBOL character set to
describe nonnumeric data items.

Logical Records and Files

The approach taken in defining file information 1is to distinguish between

physical aspects of the file and conceptual <characteristics of data contained
within the file.

PHYSICAL ASPECTS OF A FILE

The physical aspects of a file describe data as it appears on the input or
output device and include such features as:

® The grouping of logical records within the physical limitations of the
file medium

@ The means by which the file can be identified

CONCEPTUAL CHARACTERISTICS OF A FILE

The conceptual characteristics of a file are the explicit definitions of
each logical entity within the file itself. 1In a COBOL program, input and
output statements refer to one logical record. A logical record is a group of
related information, uniquely identifiable, and treated as a unit. A physical
record is a physical unit of information whosé size and recording ~mode are
convenient to a particular input or output device for the storage of data.
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Several 3ource language methods are available for describiruy,  Lhe
relationship of lopical records and physical records. When a  permissible
relaticonship has been established, cotitrol of the accessibility of logical
records as related to the physical unit must be provided by the interaction of
the object program on the hardware and/or software system. In this manual,

refefences to records mean to logical records, unless physical record is
specifically stated.

‘The concept of a logical record 1is carried over into the definition of
worklng storage. .Thus, working storage may be grouped into logical records and
defined by a series of record description entries.

RECORD COMNCEPTS

The record description consists of a set of .data description entries that
describe characteristics of a particular record. Each data description entry
consists of a level-number followed by a data-name, if required, followed by a
series of independent clauses, as required.

Concept of Levels

A record may need to be subdivided for convenient data reference. The
smallest subdivision is called an elementarvy item. A record can consist of a
sequence of elementary items, or the record itself may be an elementary item.

In order to refer to a set of elementary items, the elementary items can be
combined into groups. Each group consists of a named sequence of one or more
elementary items. Groups, in turn, may be combined. Thus, an elementary item
may belong to more than one group.

A system of level-numbers indicates the organization of elementary items
and group items. Since records are the most inclusive data items, level-numbers
for records start at 01. Less inclusive data items are assigned higher (though
not necessarily successive) level-numbers not greater in value than 9.
(Special level-numbers 66, 77, and 99 are exceptions to this rule; see below.)
Separate entries are written in the source program for each level-number used.
A group includes all group and elementary 1items following it wuntil a
level-number 1less than or equal to the level-number of that group is
encountered. All items immediately subordinate to a given group item must be
described using identical 1level-numbers greater than the level-number used to
describe that group item.

Three types of entries have no true level:

] Entries that specify elementary items or groups introduced by a
RENAMES clause. Entries that describe items using RENAMES clauses for
the purpose of regrouping data items have been assigned the special
level-number 66.

® Entries that specify noncontiguous working-storage, constant, and

inkage data items. Entries that specify noncontiguous data items,

which are not subdivisions of other items and are not themselves
subdivided, have been assigned the special level-number T77.

& Entries that specify condition-names. Entries that specify

condition-names, to *be associated with particular values of a
conditional variable, have been assigned the special level-number 88.
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Classes of Data

The five categories of data items are grouped into three classes:
alphabetic, numeric, and alphanumeric. (Refer to T"PICTURE Clause.") For
alphabetic and ‘numeric, the classes and categories are synonymous. The
alphanumeric class includes the categories of alphanumeric edited, numeric
edited, and alphanumeric (without editing). Every elementary item except an
index data item belongs to one of the classes and also to one of the categories.
The class of a group item at object program execution is treated as
alphanumeric, regardless of the class of elementary items subordinate to that
group item. Table 2-2 depicts the relationship of the class and categories of
data items.

Table 2-2. Data Item Classes and Categories

Level of Iltem Class Category
Alphabetic Alphabetic
~ Numeric Numeric
Elementary Numeric Edited
Alphanumeric Alphanumeric Edited
Alphanumeric
Alphabetic
Numeric
Nonelementary Alphanumeric Numeric Edited
(Group) Alphanumeric Edited
Alphanumeric
COBOL Data Types

A data item can be represented internally in either character or binary
form, depending upon the usage of the item. (Refer to the "USAGE Clause" in
Section VI and the "USAGE IS INDEX Clause" in Section VIII.)

The size of an elementary data item or a group item is the number of
characters' in standard data format of the item. Synchronization and usage may
cause a difference between this size and the actual number of characters
required for the internal representation of data.
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Data Allocation Rules

Level 01 or 1level 77 data are allocated on a double word boundary.
Non-elementary items are aligned on at least a byte boundary. The boundary

requirement of an elementary item depends on the data type of the item. If the
SYNCHRONIZED clause is not specified, the allocation is:

Data Type Boundary Requirement
Display byte

Comp-7 (short binary) half-word

Comp-6 (long binary) word

Comp-5 (packed decimal) byte

Comp (packed decimal) byte

Comp-8 (packed decimal) half-byte

Index - double-word

The SYNCHRONIZED clause effects the allocation of only COMP-7 and COMP-8
data. For COMP-7, a full word is allocated with the data occupying the
rightmost 18 bits, this is similar to PL/I fixed bin aligned. For COMP-8 data

i3 allocated on a byte boundary left adjusted and occupies an integral number of
bytes.

The boundary requirement of a group item is the boundary requirement of the
first elementary item contained in the group.

Within a non-elementary table the second and subsequent occurrences of each
jitem in the table 1is aligned at the same relative offset from a particular
boundary as the first occurrence of the item. This boundary is determined as
the most stringent boundary requirement of any item in the group item containing
the OCCURS clause.

For example, in the table:

02 tab1l occurs 3.

03 x ic 99 comp-5.
03 y pic 999 comp-8.

the most stringent boundary requirement is byte required by x. Thus, tabl is
allocated:

XX VY V- XX

‘<

Yy y- xx yy ¥y
The spaces indicate byte boundaries. No word boundaries are shown as they are

irrelevant. Actually, they would depend on the 02 data declaration that
preceded tabl.
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Consider:
01 struct.

02 tab2 occurs 3.

03 «x

03 vy

pic 9 display.
comp-6.

Each array element in this
word boundary.

case would be

X===  YYYY X=-= YYYYy X=-=-= YYy¥Y

Notice that this does not necessarily mean ON a word boundary.

01 struct
02 w pic 999 display.
02 tab3 occurs 3.
03 x pic 9 display.
03 y comp-6.
struct is allocated
WWWX YYYY ---X YYyy -=--X YYYY

Each element of tab3 is

thus identical relative to

allocated 1identically relative to a

For example,

a word boundary (i.e., each

has the identical byte offset of 3 from the word boundary).

The following structure appears to occupy the same space.

01 struct.

02 w pic 999 display.

02 tabd occurs 3.
03 x
03 vy

03 2

pic 9 display.
comp=T.
comp-T.

in this case the most
Thus, allocation is:

However,

COMP-7).
WWWX YyzZz -XYYy ZZ-X YYZZ

In this case each element of tabli has an

half word boundary.

10/77
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All non-elementary items are aligned on a byte bound.uy
table items. Thus, the declaration,

tvitcluding non-elementary
02 x occurs 3.
03 y pic 9 comp-8.
is allocated:
y- y- y-
whereas:
02 y pic 9 comp-8 occurs 3.
is allocated:
yyy
An observation diagnostic is issued if the allocation of an item is not

directly contiguous to 1its predecessor or if unused bytes are allocated within
elements of arrays (tables) as indicated by the hypen (-) in the above examples.
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Algebraic Signs

Algebraic signs fall into two categories: operational signs, which are
associated with signed numeric data items and signed numeric literals to
indicate their algebraic properties, and editing signs, which appear on edited
reports to identify the sign of the item.

The SIGN clause allows the location of the operational sign to be
explicitly stated in a numeric DISPLAY item. The clause is optional; if it is
not used, operational signs will be represented as defined by the USAGE clause
of the Data Division.

Editing signs are inserted into a data item by using the sign control
symbols of the PICTURE clause.

Standard Alignment Rules

Standard rules for positioning data within an elementary item depend on the
category of the receiving item. These rules are:

1, If the receiving data item is described as numeric:

a. The data .is aligned by decimal point and is moved to the
receiving character positions with =zero-fill or truncation on
either end, as required.

b. When an assumed decimal point is not explicitly specified, the
data item is treated as if it had an assumed decimal point
immediately following its rightmost character with zero-fill or
truncation to the left, as required.

2. If the receiving data item is a numeric edited data item, the data
moved to the edited data item is aligned by decimal point with
zero-fill or truncation at either end as required within the receiving
character positions of the data 1item, except where editing
requirements cause replacement of the leading zeros.

3. If the receiving data item is alphanumeric {other than a numeric
edited data item), alphanumeric edited, or alphabetic, the sending
data is moved to the receiving character positions and aligned at the
leftmost character position in the data item with space-fill or
truncation to the right, as required.

If the JUSTIFIED clause is specified for the receiving item, these standard
alignment rules are modified. (Refer to "JUSTIFIED Clause" in Section VI.)
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Uniqueness of Reference

QUALIFICATION

Every user-specified name that defines an element in a COBOL source program
must be unique. The name can be considered unique because no other name has
identical spelling and hyphenation or because references to the name can be made
unique by mentiocning one or more of the higher levels of the hierarchy in which
the name exists. The higher levels are called qualifiers, and the process that
Specifies wuniqueness is called qualification. Enough qualification must be
mentioned to make the name unique; however, it may not be necessary to mention
all levels of the hierarchy. Within the Data Division, all data-names used for
qualification must be associated with a level indicator or a level-number. Two
identical data-names must not appear as entries subordinate to a group item
unless they can be made unique through qualifiecation. In the Procedure

Division, two identical paragraph-names must not appear in the same section, if
they are explicitly referenced.

In the hierarchy of qualification, names associated with a level indicator
are the most significant, then those names associated with level-number 01, then
names associated with level-number 02,..., 49. A section-name is the highest
(and the only) qualifier availabie for a paragraph-name. Thus, the most
significant name in the hierarchy must be unique and cannot be qualified.
Subscripted or indexed data-names and conditional variables, as well as
procedure-names and data-names, may be made unique by qualification. The name
of a conditional variable can be used as a qualifier for any of its
condition-names. Regardless of the available qualification, no name can be both
a data-name and a procedure-name.

Qualification is performed by following a data-name, a condition-name, a
paragraph-name, or a text-name by one or more phrases composed of a qualifier
preceded by IN or OF. (IN and OF are equivalent.)
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The general formats for qualification are:

Format 1:

data-name-1 QF QF
data-name-2 oo file-name
condition-name IN IN

Format 2:

OF
paragraph-name { } section-name
IR

Format 3:

QF
text-name library-name
IN

The rules for qualification are as follows:

Each qualifier must be of a successively higher level and 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 a condition-name is assigned to more than one data
item in a source program, the data-name or condition-name must be
qualified each time it is referred to in the Environment, Data, and
Procedure Divisions (except in a REDEFINES clause, where qualification
is unnecessary and must not be used).

A paragraph-name must not be duplicated within a section, if it is
explicitly referenced. 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 from within the same section.

A data-name being used as a qualifier cannot be subscripted.

A name can be qualified even though it does not need qualification; if
more than one combination of qualifiers ensures uniqueness, any such
set can be used. The complete set of qualifiers for a data-name must
not be the same as any partial set of qualifiers for another
data-name. Qualified data-names may have up to 10 qualifiers.
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SUBSCRIPTING

Subscripts can be used only when reference is made to an individual element
within a 1list or table of like elements that have not been ‘assigned individual
data-names. (Refer to "OCCURS Clause" and to "Table Handling" in Section VIII.)

The subseript can be represented either by a numeric literal that is an
integer or by a data-name. The data-name must be a numeric elementary item that
represents an integer. When the subseript is represented by a data-name, the
data-name may be qualified but not subscripted.

The subscript can be signed. If signed, it must be positive. The lowest
possible subscript value is 1. This value points to the first element of the
table. The next sequential elements of the table are pointed to by subscripts
whose values are 2, 3, ... . The highest permissible subscript value, in any
particular case, is the maximum number. of occurrences of the item as specified
in the OCCURS clause. :

The subscript, or set of subscripts, that identifies the table element is
delimited by the balanced pair of parentheses following the table element
data-name. The table element data-name appended with a subscript is called a
subscripted data-name or an identifier. When more than one subscript is
required, they are written in the order of successively 1l:.ss inclusive
dimensions of the data organization.

The format 13:-

data-name
( subseript-1 , Subscript-2 [ , Subscript-3 ] )
condition-name
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INDEXING

References can be made to individual elements within a table of 1like
elements by specifying indexing for that reference. An index is assigned to
that level of the table by using the INDEXED BY phrase in the definition of a
table. A name given in the INDEXED BY phrase is known as an index-name and {is
used to refer to the assigned index. The value of an index corresponds to the
occurrence number of an element in the associated table. An index-name must be
initialized before it is used as a table reference. An index-name can be given
an initial value by either a SET, a SEARCH ALL, or a Format 4 PERFORM statement.

Direct 1indexing is specified by using an index-name in the form of a
subscript. Relative indexing i1s specified when the index-name 1is followed by
the operators + or -, followed by an unsigned integer numeric literal all
delimited by the balanced pair of separators 1left parenthesis and right
parenthesis following the table element data-name. The occurrence number
resulting from relative indexing 1is determined by incrementing (where the
operator + 18 used) or decrementing (when the operator - is used) by the value
of the literal, the occurrence number represented by the value of the 1index.
When more than one index-name 1is required, they are written in the order of
successively less~inclusive dimensions of the data organization.

When a statement that refers to an indexed table element is executed, the
value contained in the index referenced by the index-name associated with the
table element must neither correspond to a value less than one (1) nor to a
value greater than the highest permissible occurrence number of an element of
the associated table. This restriction also applies to the value resulting from
relative indexing.

The general format for indexing is:

{ data-name } ( { index-name-1 [{:} literal-Z] }

condition-name literal-1

i {index name-2 [{ +} literal-4 1 }

N literal-3

i ’ { index-name-3 [{ :} literal-ﬁ: }] ] )

literal-5
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IDENTIFIER

An identifier is a term used to reflect that a data-name {if not unique in
a program) must be followed by a syntactically correct combination of
qualifiers, subscripts, or indexes necessary to ensure uniqueness.

The general formats for identifiers are:

Eormat 1:

data-name-1 data-name-2 . file-name
IN IN
[ [}ubaeript-1 [ , subscript-2 [ , Subscript-3 ] ] J ]

EnmaL?.i

[{ﬁ} e— . L T
({ sndoxname-t [{2} 1teerarcz]

literal-1 -

. g

A + 1
Y index-name-2 ;.{:"f literal-4 [

e . literal-3 o

p= o - + - -
‘ index-name-3 { - } literal-6
h11teral-5
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The restrictions on qualification, subscripting, and indexing follow:

o) A data-name must not be subscripted or indexed when it is being used
as an index, subscript, or qualifier.

o Indexing 1s not permitted where subscripting is not permitted.

o An index may be modified only by the SET, SEARCH, and PERFORM
statements. Data items described by the USAGE IS INDEX clause permit
storage of the values associated with index-names as data. Such data
items are called index data items.

o Literal-1, literal-3, and 1literal-5 1in the above format must be

positive numeric integers. Literal-2, literal-4, and literal-6 must
be unsigned numeric integers.

CONDITION-NAME

Each condition-name must be unique; it may be made wunique through
qualification and/or indexing or through subscripting.

If qualification 1is used to make a condition-name unique, the associated

LR . P RPN

conditional variable may be used as the first gqualifier. If gualificaticn is
used, the hierarchy of names associated with the conditional variable or the
conditional variable itself must be used to make the condition-name unique.

If references to a conditional variable require indexing or subscripting,
then references to any of its condition-names also require the same combination
of indexing or subscripting.

The format and restrictions on the combined use of qualification,
subscripting, and indexing of condition-names are the same as those for
"jdentifier," except that data-name-1 is replaced by condition-name-1.

In the general formats, condition-name refers to a condition-name
qualified, indexed, or subscripted, as necessary.

EXPLICIT AND IMPLICIT SPECIFICATIONS

Three types of explicit and implicit specifications occur in COBOL source
programs: .

o] Explicit and implicit Procedure Division references
o] Explicit and implicit transfers of control

o Explicit and implicit attribdbutes
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Procedure Division References

) .A.C080¥ Source program can referenc~ data items either explicitly or
implicitly in Procedure Division statements. An explicit reference occurs when
the name of the referenced item is written in a Procedure Division statement or

when the name of the referenced item 1is copied into the Procedure Division by

the processing of a COPY statement. An implicit reference occurs when the item
is referenced by a Procedure Division statement without the name of the
referenced item being written in the source statement. An implicit reference

also occurs during the execution of a PERFORM statement when the index or data
item referenced by the index-name or identifier specified in the VARYING, AFTER,
or UNTIL phrase is initialized, modified, or evaluated by the control mechanism
associated with that PERFORM statement. Such an implicit reference occurs only
if the data item contributes to the execution of the statement.

Transfers of Control

The mechanism that controls program flow transfers control from statement
to statement in the sequence in which they were written 1in the source program
unless an explicit transfer of control overrides this sequence or there is no
next executable statement to which control can be passed. The transfer of
control from statement to statement occurs without specifying an explicit
Procedure Division statement and, therefore, is an implicit transfer of control.

COBOL provides both explicit and implicit methods of altering the implicit
control transfer mechanism.

In addition to the implicit transfer of control between consecutive
statements, implicit trarsfer 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 control flow alterations, which
override the statement-to-statement transfers of control:

® If a paragraph is being executed under control of another COBOL
statement (e.g., PERFORM, USE, SORT, or MERGE) and the paragraph is
the last paragraph in the range of the controlling statement, an
implied transfer of control occurs from the last statement in the
paragraph to the control mechanism of the last executed controlling
statement. In addition, If a paragraph 1is being executed under
control of a PERFORM statement that causes iterative execution and
that paragraph is the first paragraph in the range of that PERFORM
statement, an implicit transfer of control occurs between the control
mechanism associated with that PERFORM statement and the first
statement In that paragraph for each iterative execution of the

paragraph.

® hen execution of any COBCL statement results in the execution of a
declarative section, an implicit transfer of control to the
declarative section occurs. Another implicit transfer of control

occurs after the declarative section is executed, as described above.

e When a SORT or a MERGE statement 1is executed, an implicit transfer of
control occurs to any associated input or output procedures.
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An explicit transfer of control alters the implicit control transfer
mechanism and can be caused only by the execution of a procedure branching or
conditional statement. (Refer to "Categories of Statements" in Section 1.)
Execution of the procedure branching ALTER statement does not in itself
constitute an explicit transfer of control, but affects the explicit transfer of
control that occurs when the associated GO TO statement is executed. The
procedure branching EXIT PROGRAM statement causes an explicit transfer of
control when the statement is executed in a called program.

In this manual, the term "next executable statement" refers to the next
COBOL statement to which control is transferred in accordance with the above

rules and the rules associated with each language element in the Procedure
Division.

No executable statement follows the last statement either in a declarative

section or in a program when the paragraph in which it appears 1is not Dbeing
executed under the control of some other COBOL statement.

Attributes

Attributes may be specified either explicitly or implicitly. If an
attribute has not been specified explicitly, it assumes the default
specification and 1is considered as an implicit attribute. For example, the

usage of a data item need not be specified. In this case, the usage of the data
item is DISPLAY.
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SECTION IIIX

REFERENCE FORMAT

The reference format provides a standard method for describing COBOL source
programs; it is defined in terms of character positions in a 1line. The COBOL
compiler accepts source programs written in reference format and produces an
output listing of the source program in reference format. Refer to the Multics
COBQL Users' Guide for an alternate reference format for terminals.

The rules for spacing given in the discussion of the reference format take
precedence over all other rules for spacing.

The divisions of a source program must be ordered as follows; the Control
Division (optional), the Identification Division, then the Environment Division,
then the Data Division, and then the Procedure Division. Each division must be
written according to the rules specified for the reference format.

REFERENCE FORMAT REPRESENTATION

format for a line (character position, not print position) is
ous:

Margin Margin Margin Margin Margin

L C A B R
1|2|3|4|5|6 7 8'9'10'11 12|13l...

Sequence Number Area | ¢ Area A Area B
Indicator
Area

Margin L is immediately to the left of the leftmost character position of a
line.

Margin C is between character positions 6 and 7.
Margin A is between character positions 7 and 8.
Margin B is between character positions 11 and 12,

Margin R is immediately to the right of character position 256.
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The sequence number area occupies six character positions (1-6) and |is
between margin L and margin C.

The indicator area is character position 7 of a line.

Area A occuplies character positions 8, 9, 10, and 11 and is between margin
A and margin B.

Area B begins immediately to the right of margin B and terminates
immediately to the left of margin R.

Sequence Numbers

The sequence number can be used to label a source program line. The
contents of the sequence number area are user-defined and can consist of any
character in the host computer's character set.

Continuation of Lines

whenever a sentence, entry, phrase, or clause requires more than one line,
it can be continued by starting subsequent lines in Area B. These subsequent
lines are called continuation 1lines. The line being continued is called the
continued line. Any word or literal can be broken in such a way that part of it
appears on a continuation line.

A hyphen in the indicator area of a line indicates that the first nonblank
character in area B of the current line is the successor of the last nonblank
character of the preceding line with no intervening space. However, 1if the
continued 1line contains a nonnumeric literal without a closing quotation mark,
the first nonblank character in area B on the continuation line must be a
quotation mark, and the continuation starts with the character immediately after
that quotation mark. All spaces at the end of the continued line are considered
part of the literal. Area A of a continuation line must be blank.

If the 4indicator area of a continuation line contains no hyphen, the last
character in the preceding line is assumed to be followed by a space.

Blank Lines

A blank line is one that is blank from margin C to margin R. A blank line
can appear anywhere in the source program, except immediately before a
continuation line. (Refer to "Continuation of Lines" above.)
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DIVISION, SECTION, AND PARAGRAPH FORMATS

The division header must start in area A.

The section header must start in area A. A section consists of paragraphs

in the Environment and Procedure Divisions and Data Division entries in the Data
Division.

A paragraph consists of a paragraph-name followed by a period and a space
and by zero, one, or more sSentences, or a paragraph header followed by one or
more entries. Comment lines may be 1included within a paragraph. The paragraph
header or paragraph-name starts in area A of any line following the first line
of a division or a section. The first sentence or entry in a paragraph begins
either on the same line as the paragraph header or paragraph-name or in area 8B
of the next nonblank line that is not a comment 1line. Successive sentences or
entries begin either in area B of the same 1line as the preceding sentence or
entry or in area B of the next nonblank line that 1is not a comment line. When
the sentences or entries of a paragraph require more than one line, they may be
continued as described in "Continuation of Lines" above.

DATA DIVISION ENTRIES

Each Data Division entry begins with a 1level indicator or level-number
followed by a space, followed by its associated name, followed by a sequence of
independent descriptive <c¢lauses. Each clause, except the 1last clause of an
entry, may be terminated by either the separator semicolon or the separator
comma. The last clause is always terminated by a period followed by a space.
There are two types of Data Division entries: those that begin with a level
indicator and those that begin with a level-number.

Level indicators are FD, SD, and CD. In Data Division entries that begin
with a level indicator, the level indicator begins in area A followed by a space

and followed in area B with its associated name and appropriate descriptive
information.

Data Division entries that begin with a level-number are called data
description entries. A level-number has a value taken from the set of values 1
through 49, 66, 77, and 88. Level-numbers in the range 1 through 9 can be
written either as a single digit or as a zero followed by a significant digit.
At least one space must separate a level-number from the word following the
level-number.

In data description entries that btegin with level-number 01 or 77, the
level-number begins in area & folluwed by a space and followed in area B by its
associated record-name ¢r item-name 2né anpropriate descriptive information.

Successive data description entries may have the same format as the first
or may be indented according to level-number. Entries in the output listing are
indented only {if the input is irndented. Indentation does not affect the
magnitude of a level-number.

When level-numbers are to be indented, each new level-number may begin any
number of sSpaces to the right of margins A. The extent of indentation to the
right is limited only by the length of a line.
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The key words DECLARATIVES and END DECLARATIVKES precede and follow,
respectively, the declarative portion of the Procedure Division. Each term must

appear as the only entries on a line, must begin in area A, and must be followed
by a period and a space.

COMMENT LINES

A comment 1line i3 any line with an asterisk in the continuation indicator
area of the line. A comment line can appear as any line in a source program
after the Identification Division header. Any combination of characters from
the ASCII character set may be included in area A and area B of that line. The
asterisk and the characters in area A and area B will be produced on the output
listing but serve as documentation only.

A special form of comment line represented by a stroke (/) in the indicator
area of the line causes page ejection prior to printing the comment.

Successive comment lines are allowed.

UPPERCASE/LOWERCASE QUTPUT

Uppercase and lowercase letters do not affect the source listing. The user
receives the source information exactly as written. However, in the
cross-reference listing all user-words are translated to lowercase letters.

RC P SEGMENT

The source input to the compiler is from a Multics source segment. The
segment is created by standard Multics facilities (the text editor edm or qedx
commands, or from a card deck). It must have a name in the form name.cobol.

Each 1line has a maximum length of 256 characters and is terminated by a
newline character.

A newline character is invalid in a literal. If detected in a literal, it
is treated as an end of line, and the next line must be a continuation line.
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SECTION 1V

NOTATION USED IN FORMATS AND RULES

This section contains descriptions of the rules of syntax applied in the
language specifications of this manual.

DEFINITION OF A RAL FORM

A general format is the specific arrangement of the elements of a clause or
a statement. A clause or a statement consists of elements as defined below. In
this manual, a format is shown adjacent to information that defines the clause
or statement. If more than one specific arrangement is permitted, the general
format is separated into numbered formats. Clauses must be written in the
sequence given in the general formats. (If used, optional clauses must appear in
the sequence shown.) In certain cases, stated explicitly in the rules associated
with a given format, clauses can appear in sequences other than those shown.
Applications, requirements, or restrictions are shown as rules.

SYNTAX RULES

A syntax rule is one that defines or clarifies the order in which words or
elements are arranged to form larger elements such as phrases, clauses, or

statements. Syntax rules also impose restrictions on individual words or
elements.

Syntax rules are used to define or clarify the exact manner in which the
statement must be written; i.e., the order of the elements of the statement and
the restrictions on what each element may represent.

CGENERAL RULES

A general rule is one that defines or clarifies the meaning or relationsnip
of meanings of an element or set of elements. It is used to define or clarify
the semantiecs of the statement and the effect that it has on either compilation
or execution.
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ELEMENTS

Elements are characters that make up clauses and statements. They comprise

uppercase and lowercase words, level-numbers, brackets, braces, connectives, and
special characters.

Word

)

Qnderlined uppercase words are key words that are required when the
functhns of whxch.they are a part are used. Uppercase words that are not
underlined are optional and may be 1included in the source program at the

discretion of the user. Uppercase words, whether underlined or not, must be
spelled correctly.

In a general format, lowercase words are generic terms used to represent
COBOL words, literals, PICTURE character-strings, comment-entries, or a complete
syntactical entry that must be supplied by the wuser. If such generic terms are
repeated in a general format, a number or letter appendage to the term serves to
identify that term in a subsequent explanation or discussion.

Level-Numbers

Specific 1level-numbers appearing in data description entry formats are
required when such entries are used in a COBOL program. In this manual, the
cenvention 01, 02, ..., 09 indicates level-numbers 1 through 9.

Brackets and Braces

Portions of a general format enclosed in brackets [ ] may be included or
omitted at the wuser's choice. Braces { } enclosing a portion of a general
format indicate that an option contained within the braces must be selected.
Checice indicators, {}{ i}, enclosing a portion of a general format mean that a
selection of one or more of the options contained within the choice indicators
must be made, but the same sequence of words cannot be chosen more than once in
that entry or statement. In all cases, possible choices are stacked vertically
in the format. When brackets or braces enclose a portion of a format but only
one possibility is shown, the function of the brackets or braces is to delimit
that portion of the format to which a following ellipsis applies. (Refer to
next paragraph.) If braces enclose reserved words that are not key words, a
default option is implicitly selected if no option is explicitly indicated.

Ellipsis

In text, the ellipsis (...) implies the omission of a portion of a source
program. The meaning becomes apparent in context.

In the general formats, the ellipsis represents the position at which
repetition may occur at the user's option. The portion of the format that can be
repeated is determined as follows,
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In a clause or statement format in which an ellipsis appears, scan from
right to 1left to determine the right bracket or brace delimiter immediately to
the left of the ellipsis; continue scanning from right to left and determine the
logically matching left bracket or brace delimiter; the ellipsis applies to the
words between the determined pair of delimiters.

For n r

The punctuation characters comma and semicolon are shown in some formats.
Where shown in the formats, they are optional and may be included or omitted in
the coding. In the source program, these two punctuation characters are
interchangeable and either one may be used when one of them is shown in the

formats. Neither character may immediately precede the first clause of an entry
or paragraph.

A comma or semicolon can be used to separate statements in the Procedure
Division. :

Paragraphs within the 1Identification and Procedure Divisions and entries
within the Environment and Data Divisions must be terminated by the separator
period.

Special Characters

When the characters + - < > and = appear in formats, they are required
when such formats are used, even though they are not underlined.
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SECTICN V¥

CONTROL DIVISION

DESCRIPTION OF THE CONTROL DIVISION

The Cortrol Division is optional and consists of the Default Section. When
it is included in the source program, the Control Division must be the first
division in the program, preceding the Identification Division.

The Control Division allows specification of certain defaults other than
the standard compiler defaults.

STRUCTURE OF THE CONTROL DIVISION

The general format of the sections and clauses in the Control Division and
their order of presentation in the source program is given below.

[nzmu SECTION. [defauic clauses | ... ]]

The Default Section ié optional and 1is 1included only if the standard
compiler default values require changing.
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DISPLAY SIGN DISPLAY SIGN

DISPLAY SIGN Clause

The DISPLAY SIGN clause specifies the representation and position of the

sign on
clause.

each DISPLAY data item without requiring the explicit use of a SIGN

General Format:

o« {

- LEADING
TRAILING

} [mm CHARACTER ] ]

Syntax Rules:

The DISPLAY SICGN clause applies only to numeric data description
entries whose PICTURE contains an 'S' and whose usage is DISPLAY,
explicitly or implicitly.

The DISPLAY SIGN clause is not applicable to a numeric data
description entry that has an implicit (at the group entry) or
explicit SIGN clause associated with it.

General Rules:

The DISPLAY SIGN clause specifies the default sign convention for
signed numeric DISPLAY data items to which no SIGN clause applies.

If this clause is present, all rules specified under the SIGN clause
in the Data Division apply to the explicit or implicit default option.

If this clause is not specified, the sign is trailing and not
separate.
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COMPUTATIONAL COMPUTATIONAL

COMPUTATIONAL Clause

The COMPUTATIONAL clause allows the user to specify a default format for

storing elementary data items in memory if the USAGE clause is omitted from the
data description entry.

General Format:

" DISPLAY B
TOMP-5
COMPUTATIONAL-S

COMP TowP-6
[DEFAULT FOR] - IS { COMPUTATIONAL-6 ¢
- COMPUTATIONAL COMP—7

COMPUTATIONAL-7
COMP-
L _ COMPUTATIONAL-8

o o

[ [ perauet FOR] {NUMERIC LIMIT IS integer-1 }]

Syntax Rules:

1. The value of integer-1 may range from 18 to 61.

General Rules:

1. If the NUMERIC LIMIT clause is not present, 30 is assumed.

2. The NUMERIC LIMIT statement is used to specify the maximum precision
for intermediate results of arithmetic operations. Integer indicates
the number of digits that are always maintained. If the length of the
intermediate result exceeds this value, only that number of most
significant digits is retained.

3. Items in the Data Division having the USAGE IS COMPUTATIONAL clause

will be interpreted as having usage as specified in the COMPUTATIONAL
clause.
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GENERATE DESCRIPTOR GENERATE DESCRIPTOR

GENERATE DESCRIPTOR Clause

The GENERATE OESCRIPTOR clause allows the user to specify if descriptors

are needed, and what type of descriptors are needed, for arguments in the using
list for CALL statements.

. Tbis feature is needed when a more detailed description of the argument
list 1is required by the called procedures. These called procedures are

%eni;al§y PL/1 procedures that interface with, or support the COBOL procedure
caller).

General Format:

SCALAR

| w |
lGENERRTE AGGREGATE J DESCRI?TORSJ

Syntax Rule:

1. The GENERATE DESCRIPTOR clause applies to the generation of
descriptors for each argument specified on a CALL statement.

General Rules:

1. The GENERATE NO DESCRIPTORS results in the production of no
descriptors for the argument 1ist within the object code.

2. If the GENERATE AGGREGATE DESCRIPTORS clause is specified, descriptors
are generated for each argument, according to the rules described in
the MPM Subsystem Writers' Guide.

3. If no GENERATE DESCRIPTOR clause was specified or the GENERATE SCALAR
DESCRIPTORS clause is specified, descriptors are generated for each
argument. However, if an argument is a group item, then that argument
i{s treated as a character string type descriptor.
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SECTION VI
NUCLEUS OF MULTICS COBOL
The nucleus of Multics COBOL provides the basic language capability for the
internal processing of data. This section describes the Identification,

Environment, and Data Divisions in the nucleus. The Procedure Division in the
nucleus is cortained in Section VII. )

IDENTIFICATION DIVISION FOR THE NUCLEUS

The Identification Division must be included in every COBOL a3curce program.
This division identifies both the source program and the resultant output
listing. The user may also include the date on which the program is written,
the date the compilation of the source program is accomplished, and other
information as desired under the paragraphs shown in the general format.

Paragraph headers identify the type of information contained in the
paragraph. The program-name must be given in the PROGRAM-ID paragraph. The
other paragraphs are optional and may be included at the discretion of the user,
in the order of presentation shown in the general format.

Structure of the Identification Division

The general format of paragraphs in the Identification Division and their
order of presentation in the source program are given below.

General Format:

IDENTIFICATION DIVISION.
PROGRAM~-ID. program-name.

[mxm. [conment-entry] ... ]

[ tistaviatzon. [romment-entes] .. ]
[ oareosmrmren. [comment-entrs] ... ]
[ cate-comprizn. [rommens-entrs] .. ]

[§m&m [comment-ent,r'y] ] '
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PROGRAM-ID PROGRAM-ID

———— e e e ———— e

PROGRAM-ID Paragraph

The PROGRAM-ID paragraph gives the name by which a program is identified.

General Format:

PROGRAM-ID. program-name.

Syntax Rules:

The program-name must conform to the rules for formation of a
user-defined word. (Refer to "User-Defined Words" in Section II.)

General Rules:

The PROGRAM-ID paragraph must contain the name of the program and must
be present in every program.

The program-name identifies the listings and the object program.

In Multics COBOL, program-name is an entry name. When referenced in a
CALL or when 1invoked from a terminal, the program is referenced as
object-name$program-name, where object-name is identical to the name
of the source segment without the suffix ".cobol." If object-name and
program-name are identical, the reference may be abbreviated to
program-name; if they are different, the reference must include both
names. For example, if the name of the source segment is Joe.cobol and
the program-name is Sam, the program must referenced by the name
Joe.SAM.
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DATE-COMPILED ) DATE-COMPILED

The DATE-COMPILED paragraph provides the compilation date in the

Identification Division Source program listing.

General Format:

DATE-COMPILED. [éomment-entri] e

Syntax Rules:

1. The comment-entry can be any combination of charact.rs from the
computer's character set. The comment-entry may be contained on
multiple lines; however, use of a hyphen 1in the indicator area to
indicate continuation of the comment-entry is not permitted.

General Rules:

1. The paragraph-name DATE-COMPILED causes the current date to be
inserted during program compilation. If a DATE-COMPILED paragraph is
included in the source program, it is replaced during compilation with
& paragraph of the form:

DATE~-COMPILED. mm/dd/yy
where: mm represents the month
dd represents the day of the month

Yy represents the year
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ENVIRQNMENT DIVISION FOR THE NUCLEUS

The Environment Division provides a standard means for expressing those
aspects of a data processing problem that depend upon the physical
characteristics of a specific computer. This division must be included in every
COBOL source program to specify the compiling and executing computers, must
follow the Identification Division, and must begin with the reserved words
ENVIRONMENT DIVISION followed by a period and a space.

The Configuration Section in the Nucleus describes source and object
computer characteristics and is subdivided into three paragraphs:

o SOURCE-COMPUTER paragraph, which identifies the computer on which the
Source program is to be compiled.

o OBJECT-COMPUTER paragraph, which identifies the computer on which the
object prugram produced by the compiler is to be executed.

o) SPECIAL-NAMES paragraph, which associates hardware names and operating
system features with the mnemonic-names used in the source program.

Structure of the Environment Division

The general format of sections and paragraphs in the Environment Division
and their order of presentation in the source program are given below.

General Format:

ENVIRONMENT DIVISION.
CONFIGURATION SECTION.
SOURCE-COMPUTER. source-computer-entry
QBJECT~-COMPUTER. object-computer-entry
[S_P_E_C_LAL;NAMEﬁ. special-names-entry]

Configuration Section

The Configuration Section provides program documentation for the hardware
characteristics of the computer used for compilation and of the computer used to
execute the object program. Provisions are included in this section for
relating specific hardware and operating system features to user-specified
mnemonic-names.

Syntax Rules:

1. The Configuration Section must be included, must follow the
Environment Division header, and must begin with the section-name
CONFIGURATION SECTION followed by a period and a space.
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SOURCE-COMPUTER SOURCE-COMPUTER

SOURCE-COMPUTER PARAGRAPH

The SOURCE-COMPUTER paragraph in the Configuration Section identifies the
computer upon which the program is to be compiled.

General Format:
SOURCE-COMPUTER.  [irs-senres-6d] {LEVEL-8) [¥rrs pesucerng mopg]

Syntax Rules:

1. The SOURCE-COMPUTER paragraph must begin with the paragraph-name
SOURCE-COMPUTER followed by a period and a space.

General Rules:

1. This paragraph provides program documentation only and has no effect
on compilation.

2. Refer to Seation
clause.

[TIT for a de
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OBJECT~COMPUTER OBJECT-COMPUTER

OBJECT-COMPUTER PARAGRAPH

The OBJECT-COMPUTER paragraph in the Configuration Section identifies the .

computer on which the program is to be executed, and Specifies the collating
sequence of the object program.

General Format:

MULTICS
OBJECT-COMPUTER. [Hrs-ssnxss-eo] LEVEL-88

WORDS
, MEMORY SIZE integer CHARACTERS
- MODULES

[ , PROGRAM COLLATING SEQUENCE IS alphabet-name ]

Syntax Rules:
1. The OBJECT-COMPUTER paragraph must begin with the paragraph-name
OBJECT~COMPUTER followed by a period and a space.

2. If the alphabet-name option of the PROGRAM COLLATING SEQUENCE phrase

is specified, alphabet-name must be defined 1in the SPECIAL-NAMES
paragraph.
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OBJECT-COMPUTER

OBJECT-COMPUTER

General

1.

10/77

Rules:

The MEMORY SIZE phrase is used for program documentation only and has
no effect on the object progranm.

If the PROGRAM COLLATING SEQUENCE phrase is specified, the collating
sequence associated with alphabet-name is used to determine the truth
value of any nonnumeric comparisons explicitly specified in relation
conditions or in condition-name conditions, and the value of the
figurative constants HIGH-VALUE and LOW-VALUE.

If the PROGRAM COLLATING SEQUENCE phrase is not specified,; the native
(ASCII) collating sequence. is used.

If the PROGRAM COLLATING SEQUENCE phrase is specified, the collating

sequence 1is that collating sequence associated with alphabet-name
specified in that phrase.

The PROGRAM COLLATING SEQUENCE phrase is also applied to any
nonnumeric sort or merge keys unless the COLLATING SEQUENCE phrase of
the SORT or MERGE statement is specified.

The PROGRAM COLLATING SEQUENCE phrase applies only to the program in
which it is specified.
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SPECIAL-NAMES SPECIAL-NAMES

SPECIAL-NAMES PARAGRAPH

The SPECIAL-NAMES paragraph in the Configuration Section provides a means
of relating specific hardware and operating system features to user-specified

mnemonic-names and of relating alphabet-names to character sets and/or collating
sequences.

General Format:

SPECIAL-NAMES.

[ . stsid 1s mnemonic-name-1] [, sysour 1s mnemonic-name-2 ]
[ , CONSOLE IS mnemonic-name-3 ] [ , HOF IS mnemonic-name-4 ]
[ » CHANNEL-m IS mnemonic-name-S]

r -
IS mnemonic-name-6 {, ON STATUS 1S condition-name-1

[ , OFF STATUS IS condition-name-2 ] ]
IS mnemonic-name-6 [ , OFF STATUS IS condition-name-2

[ , ON STATUS IS condition-name-1 ] ]
ON STATUS IS condition-name-1

: SWITCH-n

[ , OFF STATUS IS condition-name-z]
OFF STATUS IS condition-name-2
[ , ON STATUS IS condition-name-1 ]

" STANDARD-1 17
NATIVE
A3CIT

EBCDIC
THROUGHY literal-2
literal-1 U

4 ALSO literal-3 [, ALsO literal-4]... »

THROUGHY literal-6
literal-5 THRU .es

ALSO literal-7 [ ALSO literal-—B]...

, alphabet-name IS
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SPECIAL-NAMES

SPECIAL-NAMES

CURRENCY SIGW IS literal-9 IOBJECI SIGN IS 11;era1-1§] ]

DECIMAL-POIN

COMMA COMMA
DECIMAL-POINT IS OBJECT IS
T T

~ \DECIMAL-POIN

Syntax Rules:

1.

6.
7.

10/77

Literals specified in the literal phrase of the alphabet-name clause:

a. If numeric, must be unsigned integers and must be have a value
within the range 1 through 128, the maximum number of characters
in the ASCII character set.

b. If nonnumeric and associated with a THROUGH or ALSO phrase, must
each be one character in length.

If the 1literal phrase of the alphabet-name clause is specified, a
given character must not be specified more than once in an
alphabet-name clause.

The words THROUGH and THRU are equivalent.

Literal-9 must be a2 one-=character nonnumeric literal.

Literal-10 must be a nonnumeric literal 1less than four characters in
length.

In SWITCH-n, the value n must be in the range and must be 1 through 8.

In CHANNEL-m, the value m must be in the range and must be 1 through
16.
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SPECIAL-NAMES

SPECIAL-NAMES

General Rules:

10777

Mnemonic-name-1, associated with SYSIN, can be used only in an ACCEPT
statement, in which case it specifies that data is to be accepted

(read) from the I/0 switch wuser_input, usually attached to the user's
terminal . -

Mnemonic-namg-Z, associated with SYSOUT, can be used only in a DISPLAY
statement, in which case it specifies that data is to be displayed

(written) on the 1/0 switch user output, wusually attached to the
user's terminal.

Mnemonic-name-3, associated with CONSOLE, <can be used only in an
ACCEPT or DISPLAY statement, in which case it specifies that data is
either to be accepted (read) from the I/0 switch user input or
displayed (written) to the I/0 switch error output; both switches are
usually attached to the user's terminal. -

Mnemonic-name-4, associated with HOF, and mnemonic-name-5, associated
with CHANNEL-m, can be used only in a WRITE or SEND statement within
the BEFORE or AFTER phrase. CHANNEL-m indicates one of tlLe printer
control channels, where m may be a value from 1 to 16. The meaning of
the various channels is site defined,

The external switches are represented by the specification of
SWITCH-n, where n may be a value from 1 to 8. If SWITCH-n is
specified, at least one condition-name must be associated with it. The
status of the switch is specified by condition-names and interrogated
by testing the condition-names. (Refer to "Switch-Status Condition"
in Section VII.)

Mnemonic~-name-6 is associated with the name of an external switch (not
the condition  of that switch). It can be set only by the SET
statement. (Refer to "SET Statement" in Section VII.)

The alphabet-name clause provides a means for relating a name to a
specified character code set and/or collating sequence. When
alphabet-name is referenced in the PROGRAM COLLATING SEQUENCE clause
(refer to "OBJECT-COMPUTER Paragraph™ in this section) or the
COLLATING SEQUENCE phrase of a SORT statement (refer to Section X),
the alphabet-name clause specifies a collating sequence. When
alphabet-name is referenced in a CODE-SET clause in a file description
entry (refer to "File Description - Complete Entry Skeleton" in
Section IX), the alphabet-name clause specifies a character code set.

a. If the STANDARD-1 phrase is specified, the character code set or
collating sequence 1identified is that defined 1in American
National Standard X3.4-1968, Code for Information Interchange.

b. NATIVE and ASCII are synonymous with STANDARD-1.

c. If the EBCDIC phrase is specified, the character code set or
collating sequence identified is that defined by EBCDIC.

6-10 ASU4A



SPECIAL-NAMES SPECIAL-NAMES

d. If the literal phrase is specified, the alphabet-name may not be
referenced in the CODE-SET clause. (Refer to "CODE-SET Clause™ in
Section IX.) The collating sequence identified is that defined
according to the following rules:

1) The value of each literal specifies:

o The ordinal number of a character within the ASCII
character set, if the literal is numeric. This value
must not -exceed 128, the value of the number of
printable ASCII characters.

o] The actual character within the ASCII character set, if
the literal is nonnumeric. If the value of the
nonnumeric literal contains multiple characters, each
character in the 1literal, starting with the leftmost
character, is assigned successive ascending positions
in the collating sequence being specified.

2) The order in which the literals appear in the zlphabet-name
clause specifies, in ascending sequence, the ordinal number
of the character within the collating sequence being
specified.

3) Any characters within the ASCII collating sequence, which
are not explicitly specified in the literal phrase, assume a
position, in the collating sequence being specified, greater
than any of the explicitly specified characters. Tne
relative order within the set of these unspecified
characters is unchanged from the ASCII collating sequence.

§) If the THROUGH phrase is specified, the set of contiguous
characters 1in the ASCII character set beginning with the
character specified by the value of literal-1, and ending
with the character specified by the value of literal-2, is
assigned a successive ascending position in the collating
sequence being specified. In addition, the set of contiguous
characters specified by a given THROUGH phrase may specify
characters of the ASCII character set in either ascending or
descending sequence.

5) If the ALSO phrase \is specified, the characters of the
native character set specified by the value of literal-1,
literal-3, literal-4,..., are assigned to the same position
in the collating sequence being specified.

The character that has the highest ordinal position in the program
collating Sequence specified is associated with the figurative
constant HIGH-VALUE. If more than one character has the highest
position in the program collating sequence, the 1last character

specified is associated with the figurative constant HIGH-VALUE.

The character that has the lowest ordinal position in the program
collating sequence specified 1is associated with the figurative
constant LOW-VALUE. If more than one character has the lowest position
in the program collating sequence, the first character specified is
assoclated with the figurative constant LOW-VALUE.
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SPECIAL-NAMES SPECIAL-NAMES

10.

11.

12.

13.

14,

15,

16.

The literal which appears in the CURRENCY SIGN IS 1literal clause is
used in the PICTURE clause to represent the currency symbol. The
literal is limited to a single character and must not be one of the
following:

a. Digits 0 through 9

b. Alphabetic characters 4, B, C, D, L, P, R, S, V, X, Z, a thru z,
or the space. The characters must be in uppercase, even though
corresponding characters in the picture can be in either
uppercase or lowercase.

c. Special characters * + - | , ; ( ) " / or =

The DECIMAL-POINT IS COMMA clause indicates that the functions of the
comma and the period are exchanged in the character-string of the
PICTURE clause and in numeric literals. For example, the symbol used
for the decimal point is the comma; otherwise, the period is used.
(Refer to "Numeric Literals" in Section II and to "PICTURE Clause" in
this section for further information.) '

If the CURRENCY clause is not present, only the currency sign  ($) is
used in the PICTURE clause.

NOTE: The currency sign on the computer's printer usually changes
from country to country.

Literal-9 defines the SOURCE program representation; literal-10
represents the object program representation.

If not otherwise specified, the following are assumed:

a. CURRENCY SIGN IS "$" OBJECT SIGN IS "g"

b. DECIMAL-POINT IS DECIMAL-POINT. OBJECT IS DECIMAL-POINT.

When the CURRENCY SIGN and DECIMAL-POINT clauses are specified and no
OBJECT clause is specified, it is assumed to be the same as the source

program character.

The CURRENCY SIGN and DECIMAL-POINT clauses affect editing at object
time.

6-12 AS4y



ma.ﬂmmu_muun_um

The Data Division describes the data that the object program is to accept
as input, to manipulate, to create, or to produce as ocutput.

The Working-Storage Section in the Nucleus describes records and
noncontiguous data items that are not part of external data files but are
developed and processed internally. The Constant Section is used to describe
data items whose values are assigned in the source program and do not change
during the execution of the object program.

Structure of the Data Division

The Data Division 1is prepared in accordance with the reference format
described in Section III. The Data Division is identified by and must begin
with the division header DATA DIVISION followed by a period and a space. The
general format of the Data Division in the Nucleus is given below.

General Format:

DATA DIVISION.

HORKING-STORAGE SECTION.

-77-Leve1-description-entrf]

L. record-description~entry

CONSTANT SECTION.

[ 77-level-description-entrf]

record-description-entry

Working-Storage Section

The Working-Storage Section is composed of the section header, followed by
data description entries for noncontiguous data items or record description
entries, Each Working-Storage Section record-name and noncontiguous item name

must be unique since it cannot be qualified. Subordinate data-names need not be
unique if they can be made uniaue by qualification.
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NONCONTIGUOUS WORKING-STORAGE

Items and constants in working-storage that bear no hierarchical
relationship to cne another need not be grouped into records, provided they do
not need to be further subdivided. Instead, they are classified and defined as
noncontiguous elementary items. Each of these items is defined in a separate
data description entry which begins with the special level-number 77.

The following data clauses are required in each data description entry:

o Level-number 77
o Data-name
o) The USAGE IS INDEX, COMP-6, or COMP-7 clause or the PICTURE clause

Other data description clauses are optional and can be used to complete the
description of the item, if necessary.

WORKING-STORAGE RECORDS

Data elements and constants in working-storage that bear a definite
hierarchic relationship to one another must be grouped into records according to
the rules for formation of record descriptions. All clauses which are used in
record descriptions in the File Section can be used in record descriptions in
the Working-Storage Section.

WORKING-STORAGE INITIAL VALUES

The initial value of any data item in the Working-Storage Section except an
index data item is specified by using the VALUE clause with the data item. The
initial value of any index data item is unpredictable.

Constant Section

The Constant Section is like the Working-Storage Section except that in the
Constant Section:
o] All data must have a VALUE clause.
NOTE: Because of the REDEFINES and RENAMES clauses, a VALUE clause
must be wused with every data item, not with every data
description.

o] The items can be referenced only where iiterals can be referenced;
that is, their contents cannot be altered during program execution.

o The USAGE IS INDEX clause may not be used.

o The OCCURS clause may not be used.
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DATA DESCRIPTION DATA DESCRIPTION
SKELETON SKELETON

Data Description - Complete Entry Skeleton

A data description entry specifies the characteristics of a particular item
of data. A detailed data description consists of a set of entries and each
entry defines the characteristics of a particular unit of data. The general
formats of the detailed data description entry, syntax rules, and general rules
follow. The individual alauses are described later in this section.

Format 1:

data-name-1
level-number

[ : BEDEFINES data-name-2 |

PICTURE
H IS character-string
IC

~ - =

; [usace 1s] | coMPUTATIONAL-6 {

» . COMP-8 4

i [szay 1s] {m } [sepamate cuaractes]
=

[ oasc v ZERQ ]
[ vawue 1s literal ] .

-e
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DATA DESCRIPTION DATA DESCRIPTION
SKELETON SKELETON

Eormat 2:

IHRQUGH
66 data-name-1 ; RENAMES data-name-2 data-name-3

Eormat 3:

88

YALUE IS : IHRQUGH
condition-name ; literal-1 literal-2
AR

IHROQUGH
s literal-3 literal-}y cen

Syntax Rules:

1.
2.

The level-number in Format 1 can be any number from 01 to 49 or 77.

The clauses can be written in any order with two exceptions: the
data-name-1 or FILLER clause must immediately follow the
level-number; the REDEFINES clause, when used, must immediately .
follow the data-name-1 clause.

The PICTURE clause must be specified for every elementary data item
except an index data item, in which case the use of this clause is
prohibited.

The words THRU and THROUGH are equivalent.
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DATA DESCRIPTION DATA DESCRIPTION
SKELETON SKELETON

General Rules:

1.

The SYNCHRONIZED, PICTURE, JUSTIFIED, and BLANK WHEN ZERO clauses must
not be specified except for an elementary data item.

Format 3 is wused for each condition-name. Each condition-name
requires a separate entry with level-number 88. Format 3 contains the
name of the condition and the value, values, or range of values
associated with the condition-name. The condition-name entries for a
particular conditional variable must follow the entry describing the
item with which the condition-name is associated. A condition-namne
can be associated with any data description entry that contains a
level~-number except the following:

o Another condition-name
o A level 66 item

o A group containing items with descriptions ineluding JUSTIFIED,
SYNCHRONIZED, or USAGE (other than USAGE IS DISPLAY)

o An index data item (Refer to "USAGE Clause" in Section VIII.)
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BLANK WHEN ZERO BLANK WHEN ZERO

BLANK WHEN ZERO CLAUSE

The BLANK WHEN ZERO clause permits the blanking of an item when its value
is zero.

General Format:

BLANK WHEN ZERQ

Syntax Rules:

1. The BLANK WHEN ZERO clause can be used>only for an elementary data
item whose PICTURE is specified as numeric or numeric edited.

2. This clause gannot be used with variable-length items.

General Rules:

1. When the BLANK WHEN ZERO clause is used, the item will contain nothing
but spaces if the value of the item is zero.

2. When the BLANK WHEN ZERO clause is used for an item whose PICTURE 1is
numeric, the category of the item is considered to be numeric edited.
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data-name or FILLER

data-name or FILLER

DATA-NAME OR FILLER CLAUSE

A data-name clause specifies the name of the data being described. The

FILLER clause specifies an elementary item of the logical record that cannot be
referred to explicitly.

General Format:

data-name
level-number
FILLER

Syntax Rules:

1.

In the File Section, Working-Storage Section, Linkage Section,
Communication Section, and Constant Section, a data-name or the key

word FILLER must be the first word following the level-number in each
data description entry.

General Rules:

10/77

The key word FILLER may be used to name an elementary item in a
record. Under no circumstances can a FILLER item be referred to
explicitly. However, the key word FILLER may be used as a conditional
variable because such use does not require explicit reference to the
FILLER data item, but to its value.
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JUSTIFIED JUSTIFIED

JUSTIFIED CLAUSE

The JUSTIFIED clause specifies nonstandard positioning of data within a
receiving data item.

General Format:

i
RIGHT

Syntax Rules:

1. The JUSTIFIED clause can be specified only at the elementary item
level. i

2. JUST is an abbreviation for JUSTIFIED.

3. The JUSTIFIED clause cannot be specified for any data item described
as numeric or for which editing is specified.

General Rules:

1. When a receiving data item is described with the JUSTIFIED clause and
the sending data item 1is larger than the receiving data item, the
leftmost characters are truncated. When the receiving data item is
described with the JUSTIFIED clause and it is larger than the sending
data item, the data is aligned at the rightmost character position in
the data item with space-fill for the leftmost character positions.

2. When the JUSTIFIED clause is omitted, the standard rules for aligning

data within an elementary item apply. Refer to "Standard Alignment
Rules™ in Section II.

6-20 AShY



———— e

level-number level-number

LEVEL~-NUMBER

The level-number shows the hierarchy of data within a logical record. In
addition, it is used to identify entries for working-storage data items, linkage
data items, Constant Section, condition-names, and the RENAMES clause.

General Format:

level-number

Syntax Rules:

1. A level-number is required as the first element in each data
description entry.

2. Data description entries subordinate to an FD, SD, or CD entry must
have level-numbers with the values 01 through 49, 66, or 88.

3. Data description entries in the Working-Storage Section, Constant

Section, and Linkage Section must have level-numbers with the values
01 through 49, 66, 77, or 88.

General Rules:

1. The level-number 01 identifies the first entry in each record
description.

2. Special level-numbers have been assigned to certain entries where
there is no real concept of level:

a. Level-number 77 is assigned to identify noncontiguous
working-storage and Constant Section data items, noncontiguous
linkage data items, and must be used only as described in Format
1 of the data description skeleton.

b. Level-number 66 is assigned to identify RENAMES entries and must
be used only as described in Format 2 of the data description
skeleton.

c. Level-number 88 1is assigned to entries which define
condition~-names associated with a conditional variable and must
be used only as described in Format 3 of the data description
skeleton. :

3. Multiple 1level 01 entries that are subordinate to any given level
indicator represent implicit redefinitions of the same area.
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PICTURE CLAUSE

The PICTURE clause describes the general characteristics and editing
requirements of an elementary item.

General Format:

RICTURE
IS character-string

Syntax Rules:

1. A PICTURE clause may be specified only at the elementary item level.

2. The character-string consists of certain aliowable combinations of
characters in the COBOL character set used as symbols. The allowable
combinations determine the category of the elementary item.

3. The maximum number of characters allowed in the character-string is

30.

§, The PICTURE clause must be specified for every elementary data item
except an index data item, or a data item with USAGE IS COMP-6 or
COMP-7, in which case use of this clause is prohibited.

5. PIC is an abbreviation for PICTURE.

6. The asterisk, when used as the zero suppression symbol and the BLANK
WHEN ZERO clause may not appear in the same entry.

General Rules:

1. Five categories of data may be described with a PICTURE clause;
alphabetic, numeric, alphanumeric, alphanumeric edited, and numeric
edited.

o To define an item as alphabetic:

a. Its PICTURE character-string can contain only the symbols
'A', 'B'; and

b. Its contents when represented in standard data format must
be any combination of the 26 letters (either uppercase or
lowercase) of the Roman alphabet and the space from the
COBOL character set.
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PICTURE

To

PICTURE

define an item as numeric:

Its PICTURE character-string can contain only the symbols
'g*, 'p' 'S' and 'V'. The number of digit positions that
can be described by the PICTURE character-string must range
from 1 to 18 inclusive; and

If unsigned, its contents when represented in standard data
format must be a combination of the Arabic numerals '0',
|1l’ !21’ l3!’ Qu', '5', l6l’ |7', !8" and lgl; if Signed,
the item can also contain a '+', '-'.

define an item as alphanumeric:

Its PICTURE character-string 1is restricted to certain
combinations of the symbols 'A', 'X', '9', and the item is
treated as if the character-string contained all 'X's. A
PICTURE character-string which contains all 'A's or all '9's
does not define an alphanumeric item; and

Its contents when represented in standard data format are
allowable characters in the computer's character set.

define an item as alphanumeric edited:

Its PICTURE character-string 1is restricted to certain
combinations of the following symbols: 'A', 'X', '9', 'B',
'0', '/'; and

(1) The character-string must contain at least one 'B' and
at least one 'X' or at least one '0' (zerc) and at
least one ‘X' or at least one '/' (stroke) and at least
one 'X'; or

(2) The character-string must contain at least one '0'
(zero) and at least one 'A' or at 1least one '/!
(stroke) and at least one 'A'; and

The contents when represented in standard data format are
allowable characters in the computer's character set.

define an item as numeric edited:

Its PICTURE character-string is restricted to certain
combinations of the symbols 'B', '/', ‘'P', 'V', 6 '2', '0°',
vgr, P, R Tttt fCR', 'DB', and the currency
symbol. The allowable combinations are determined from the
order of precedence of symbols and the editing rules; and

(1) The number of digit positions that can be represented
in the PICTURE character-string must range from 1 to 18
inclusive; and

(2) " The character-string must contain at least one '0’',
'B', |/" lzl’ !.l. l+!’ l"' |.!’ l-l’ OCR" lDBl, or
currency symbel.

The contents of the character positions of these symbols

that are allowed to represent a digit in standard data
format must be one of the numerals.
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PICTURE

The size of an elementary item, where size means the number of

character positions occupied by the elementary item in standard data
format, determined by the number of allowable symbols that
represent character positions. An 1integer which 1s enclosed in
parentheses following the symbols 'A', ',', 'X', '9', ‘'p', 'Z', ‘&1,
'BY, '/', '0', '+', '-', or the currency symbol indicates the number
of consecutive occurrences of the symbol. Note that the following
symbols can appear only once in a given PICTURE: 'S', 'v', '.', 'CR',
and 'DB'.

The functions of the symbols used to describe an elementary 1item are
explained as follows:

A

4

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

Each 'B' in the character-string represents a claracter
position into which the space character will be iaserted.

Fach 'P' indicates an assumed decimal a3caling position

aicaRVES &S

and is used to specify the location of an assumed decimal

point when the point 1s not within the number that

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 numeric items. The scaling position character
'P' can appear only to the left or right as a continuous
string of 'P's within a PICTURE description. Since the
scaling position character 'P' implies an assumed decimal
point (to the left of 'P's if 'P's are leftmost PICTURE
characters and to the right if 'P's are rightmost PICTURE
characters), the assumed decimal point symbol 'V' |is
redundant as either the leftmost or rightmost character
within such a PICTURE description. The character 'P' and
the insertion character ',' (period) cannot both occur in
the same PICTURE character-string. If, in any operation
involving conversion of data from one form of internal
representation to another, the data item being converted
is described with the PICTURE character 'P', each digit
position described by a 'P' is considered to contain the
value zero, and the size of the data item is considered
to include the digit positions so described.

The letter 'S' is used in a character-string to indicate
the presence, but not the position of an operational
sign; it must be written as the leftmost character in the
PICTURE. The 'S' is counted in determining the size (in
terms of standard data format characters) of the
elementary item.

The 'V' is used in a character-string to 1indicate the
location of the assumed decimal point and may only appear
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.
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PICTURE

—

+ - CR DB

PICTURE

Each 'X' in the character-string is used to represent g3
character position which contains any allowable character
from the computer's character set.

Each '2' in a character-string can only be wused to
represent the leftmost leading numeric character
positions which will be replaced by a space character
when the contents of that character position are zero.
Each '2' is counted in the size of the item.

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

Each '0' (zero) in the character-string represents a
character position into which the numeral zero will be
inserted. The '0' 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. The '/' is counted in the size of the item.

Each ',' (comma) in the character-string represents a
character position into which the character ',' will be
inserted. This character position is counted in the size
of the item. The insertion character ',' must not be the
last character in the PICTURE character-string.

When the character '.! (period) appears in the
character-string, it is an editing symbol which
represents the decimal point for alignment purposes and,
in addition, represents a character position into which
the character '.' will be inserted. The character '.' is
counted in the size of the item. For a given program,
the functions of the period and comma are exchanged if
the DECIMAL-POINT IS COMMA clause is stated 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. The insertion character '.' must not be the last
character in the PICTURE character-string.

These symbols are used as editing sign control symbols.
When used, they represent the character position into
which the editing sign control symbol will be placed.
The symbols are mutually exclusive in any one
character-string and each character used in the symbol is
counted in determining the size of the data item. oth
CR and DB, after editing, will appear in uppercase
letters in the receiving data item.

Each '®*' (asterisk) in the character-string represents a
leading numeric character position into which an asterisk
will be placed when the contents of that position are
zero. Each '#' is counted in the size of the item.
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PICTURE

10717

PICTURE

cs The currency symbol in the character-string represents a
character position into which a currency symbol is to be
placed. The currency symbol 1in a character-string is
represented by either the currency sign or by the single
character specified in the CURRENCY SIGN clause in the
SPECIAL-NAMES paragraph. The currency symbol is counted
in the size of the iten.

Any character appearing in a picture, that is either not one of the
above-defined symbols or is in violation of precedence rules (see

below) 1is treated as a simple insertion editing character. For
example,

01 x pic 99:99.
move 123 to x.
-=> 01:23.

NOTE: This is an extension to ANS COBOL-TY4 define pictures.

Two general methods are used to perform editing in the PICTURE clause,
either by insertion or by suppression and replacement. The four types
of insertion editing are:

° Simple insertion

L Special insertion

® Fixed iniertion

® Floating insertion

The two types of suppression and replacement editing are:

® Zero suppression and replacement with spaces

® Zero suppression and replacement with asterisks

The type of editing that may be performed upon an item depends on the

category to which the item Dbelongs. The following list indicates
which type of editing may be performed upon a given category:

Category Type of Editing

Alphabetic Simple insertion 'B' only

Numeric None

Alphanumeric None

Alphanumeric Edited Simple insertion '0', '‘B', and '/’
Numeric Edited All, subject to the restrictions

of Rule 3 below
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10/77

PICTURE

Floating insertion editing and editing by =zero suppression and
replacement are mutually exclusive in a PICTURE clause. Only one type
of replacement may be used with zero suppression in a PICTURE clause.

Simple Insertion Editing.

The ',' (comma), 'B' (space), '0' (zero), and '/' (stroke) are used as
the insertion characters. The insertion characters are counted in the
size of the item ana represent the position in the item into which the
character is inserted. Any other character not having special meaning
in the PICTURE character-string is treated as a simple insertion
character. An observation diagnostic is issued in this case, since
this is an extension of ANS COBOL-T74.
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PICTURE

Special Insertion Editing.

The '.' (period) is wused as the insertion character and also
represents the decimal point for alignment purposes. The insertion
character used for the actual decimal point is counted in the size of
the item. The use of the assumed decimal point, represented by the
symbol V', and the actual decimal point, represented by the insertion
character, in the same PICTURE character-string is not allowed. The
result of special insertion editing is the appearance of the insertion
character in the item 1in the same position as shown 1in the
character-string.

Fixed Insertion Editing.

The currency symbol and the editing sign control symbols ‘'+', '-',
'CR', 'DB' are the insertion characters. Only one currency symbol and
only one of the editing sign control symbols can be used in a given
PICTURE character-string. When the symbols 'CR' or 'DB' are used,
they represent two character positions in determining the size of the
item and they must represent the rightmost character positions that
are counted in the size of the item. The symbol '+' or a '-', when
used, must be either the leftmost or rightmost character position to
be counted in the size of the item. The currency symbol must be the
leftmost character position to be counted in the size of the  item
except that it may be preceded by either a '+' or a '-' symbol. Fixed
insertion editing results in the insertion character occupying the
same character position in the edited item as it occupied 1in the
PICTURE character-string. Editing sign control symbols produce the
results shown in Table 6-1, depending on the data item value.

Table 6-1., Results of Fixed Insertion Editing Symbols

Editing Symbol In - —Result -
PICTURE Data Item Data Item
Character-String Positive Or Zero Negative
+ + -
- space -
CR 2 spaces CR
DB 2 spaces DB

Floating Insertion Editing.

The currency symbol and editing sign control symbols '+' or '=' are
the floating insertion characters and as such are mutually exclusive
in a given PICTURE character-string.

Floating insertion editing is indicated in a PICTURE character-string
by wusing a string of at 1least two of the floating insertion
characters. This string of floating insertion characters can contain
any of the fixed insertion symbols or have fixed insertion characters
immediately to the right of this string. These simple insertion
characters are part of the floating string.
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PICTURE

The leftmost character of the floating insertion string represents the
leftmost 1limit of the floating symbol in the data item. The rightmost
character of the floating string represents the rightmost limit of the
floating symbols in the data item.

The second floating character from the left represents the 1leftmost
1limit of the numeric data that c¢an be stored in the data item.
Nonzero numeric data may replace all the characters at or to the right
of this limit.

In a PICTURE character-string, there are only two ways of representing
floating insertion editing. One is to represent any or all of the
leading numeric - character positions on the left of the decimal point
by the insertion character. The other is to represent all of the
numeric character positions in the PICTURE character-string by the
insertion character.

If the insertion characters are only to the left of the decimal point
in the PICTURE character-string, the result is that a single Z!oating
insertion character will be placed into the character position
immediately preceding either the decimal point or the first nonzero
digit 1in the data represented by the insertion symbol string,
whichever is farther to the left in the PICTURE character-string. The
character positions preceding the 1insertion character are replaced
with spaces.

If all numeric character positions in the PICTURE character-string are
represented by the insertion character, the result depends upon the
value of the data. If the value is zero, the entire data item will
contain spaces. If the value is not zero, the result is the same as
when the insertion character is only to the left of the decimal point
in the PICTURE character-string.

To avoid truncation, the minimum size of the PICTURE character-string
for the receiving data item must be the number of characters in the
sending data item, plus the number of fixed insertion characters being
edited into the receiving data item, plus one for the floating
insertion character.

Zero Suppression Editing.

The suppression of leading zeros in numeric character positions is
indicated by the use of the alphabetic character 'Z' or the character
'#1  (agsterisk) as suppression symbols in a PICTURE character-string.
These symbols are mutually exclusive in a given PICTURE
character-string. Each suppression symbol is counted in determining
the size of the item. If 'Z' is used, the replacement character will
be the space; if the asterisk is used, the replacement character will
be '#1,
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Zero suppression and replacement is 1indicated in a PICTURE
character-string by using a string of one or more of the allowable
Symbols to represent leading numeric character positions which are to
be replaced when the associated character position in the data
contalns a zero. Any of the simple insertion characters embedded in

the string of symbols or to the immediate right of this string are
part of the string.

In a PICTURE character-string, there are only two ways of representing
zero suppression. One is to represent any or all of the leading
numeric character positions to the left of the decimal point by

suppression symbols, The other 1is to represent all of the numeric
character positions in the PICTURE character-string by suppression
symbols,

If the suppression symbols appear only to the left of the decimal
point, any leading zero in the data which corresponds to a symbol 1in
the string is replaced by the replacement character. Suppression
terminates at the first nonzero digit in the data represeated by the
suppression symbol string or at the decimal point, whichever is
encountered first.

If all numeric character positions in the PICTURE character-string are
represented by suppression symbols and the value of the data is' not
zero, the result 1is the same as if the suppression characters were
only to the left of the decimal point. If the value is zero and the
suppression symbol is 'Z', the entire data item will be spaces. If
the value is zero and the suppression symbol is '®#' the data item
will be all '#' except for the actual decimal point.

9. The symbols '+', 'w' t#r 1
floating replacement charact
character-string.

Z', and the currency symbol,
ers; are mutually exclusive

YeReay ¥

Precedence Rules:

The chart in Table 6-2 shows the order of precedence when using characters
as symbols in a character-string. &An 'X' at an intersection indicates that the
symbols at the top of the column may precede, in a given character-string, the
symbols at the left of the row. ~Arguments appearing in braces indicate that the
symbols are mutually exclusive. The currency symbol is indicated by 'cs'.

At least one of the symbols 'A', 'X', 'Z', 'g' or '®#!' or at least two of
the symbols '+', '«', or 'cs' must be present in a PICTURE string.

Nonfloating insertion symbols '+' and '-', floating insertion symbols 'Z',
'81, 's', 't and ‘cs', and other symbol f‘P' appear twice in the PICTURE
character precedence chart. 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 chart represents its use to the right of the
decimal point position. :
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Table 6-2. PICTURE Character Precedence Chart
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REDEFINES

REDEFINES CLAUSE

The
different data description entries.

REDEFINES clause allows the same memory area to be described by

General Format:

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

NOTE:

Level-number, data-name-1, and the semicolon are included in the

above format to improve clarity. Level-number and data-name-1 are
not part of the REDEFINES clause.

Syntax Rules:

1.

10777

The REDEFINES clause, when specified, must immediately follow
data-name-1.

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

The REDEFINES clause must not be wused in level 01 entries in the File
Section. Refer to the DATA RECORDS clause.

This clause must not be used in 1level 01 entries in the Communication
Sectien.

The data description entry for data-name-2 cannot contain a REDEFINES
clause; however, data-name-2 may be subordinate to an entry that
contains a REDEFINES clause.

The data description entry for data-name-2 cannot contain an OCCURS
clause; however, data-name-2 may be subordinate to an item whose data
description entry contains an OCCURS clause. In this case, the
reference to data-name-2 in the REDEFINES clause cannot be subscripted
or indexed. Neither the original definition nor the redefinition can

include an item whose size 1is variable as defined in the OCCURS
clause.

No entry having a level-number numerically lower than the level-number

of data-name-Z2 and data-name-i can occur between the data description
entries of data-name-2 and data-name-1,
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REDEFINES

General Rules:

Redefinition begins at data-name-2 and ends when a level-number less
than or equal to that of data-name-2 is encountered.

When the level-number of data-name-1 1is other than 01, then
data-name-1 must specify the same number of character positions that
the data item referenced by data-name-2 contains. The REDEFINES
clause only specifies the redefinition of a memory area, not of the
data items occupying the area.

Multiple redefinitions of the same character positions are permitted.
The entries giving the new descriptions of the character positions
must follow the entries defining the area being redefined, without
intervening entries that define new character positions. Multiple
redefinitions of the same character positions must all wuse the
data-name of the entry that originally defined the area.

The entries giving the new description of the character positions must
not contain VALUE clauses, except in condition-name entries.

Multiple level 01 entries subordinate to any given level indicator
represent implicit redefinitions of the same area.
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RENAMES

The RENAMES clause permits alternative, possibly overlapping, groupings of
elementary items.

General Format:

rHROUGH
66 data-name-1 ; RENAMES data-name-2 data-name-3 .
THRU

NOTE:

Level-number 66 , data-name-1, and the semicolon are included in the
above format to improve clarity. Level-number and data-name-1 are
not part of the RENAMES clause.

Syntax Rules:

1.

6.
7.
8.

10/77

All RENAMES entries referring to data items within a given logical
record must immediately follow the last data description entry of the
associated record description entry.

Data-name-2 and data-name-3 must be names of elementary items or
groups of elementary items in the same 1logical record, and cannot be
the same data-name. A level 66 entry cannot rename another level 66
entry nor can it rename a level 01, 77, or 88 entry.

Data-name-! must not be used as a qualifier, and can be qualified only
by the names of the associated level 01, FD, CD, or SD entries.

Neither data-name-2 nor data-name-3 may have an OCCURS clause in its
data description entry nor be subordinate to an item that has an
OCCURS clause in its data description entry.

The beginning of the area described by data-name-3 must not be to the
left of the beginning of the area described by data-name-2. The end
of the area described by data-name-3 must be to the right of the end
of the area described by data-name-2. Data-name-3, therefore, cannot
be subordinate to data-name-2.

Data~-name-2 and data-name-3 can be qualified.
The words . THRU and THROUGH are equivalent.
None of the items within the range, including data-name-2 and

data-name-3, if specified, can be an item whose size is variable as
defined in the OCCURS clause.
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RENAMES

General

RENAMES

Rules:

One or more RENAMES entries can be written for a logical record.

Wwhen data-name-3 is specified, data-name-1 is a group item that
includes all elementary items starting with data-name-2 (if
data-name-2 is an elementary item) or the first elementary item in
data-name-2 (if data-name-2 is a group item), and concluding with
data-name-3 (if data-name-3 is an elementary jtem) or the last
elementary item in data-name-3 (if data-name-3 is a group item).

When data-name-3 is not specified, data-name-2 can be either a group
or an elementary item; when data-name-2 is a group item, data-name-1
is treated as a group item, and when data-name-2 is an elementary
item, data-name-1 is treated as an elementary item.
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SIGN

SIGN

SIGN CLAUSE

The SIGN clause specifies the position and the mode of representation of
the operational sign when it is necessary to describe these properties
explicitly.

General Format:

[ stan 1s | {mm } [ sEpaRazE émnacrsn]

Syntax Rules:

1.

General

1.

2.

The SIGN clause can be specified only for a numeric data descr.iption
entry whose PICTURE contains the character 'S', or for a group item
containing at least one such numeric data description entry.

The numeric data description entries to which the SIGN clause applies
must be described as USAGE IS DISPLAY. If no USAGE is specified,
DISPLAY is assumed.

Only one SIGN clause can apply to any given numeric data description
entry.

If the CODE-SET clauss ‘is specified, any signed numeric data
description entries associated with that file description entry must
be described with the SIGN IS SEPARATE clause.

Rules:

The optional SIGN clause, if present, specifies the position and the
mode of representation of the operational sign for the numeric data
description entry tc which it applies, or for each numeric data
description entry subordinate to the group to which it applies. The
SIGN clause applies only to numeric data description entries whose
PICTURE contains the character 'S'; the 'S' indicates the presence of,
but not the position of the operational sign.

A numeric data description entry whose picture contains the character
'S', but not the SIGN IS SEPARATE clause, has an operational sign. If
the LEADING or TRAILING phrase is specified the sign is associated
with the high-order or low-order digit, respectively, of the data
itenm. If neither 1is specified, the sign 1s associated with the
low-order digit of the data item.
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SIGN

If SIGN IS SEPARATE is specified,

a. The operational sign is assumed to be the leading or trailing
character position of the elementary numeric data item; this
character position is not a digit position.

b. The letter 'S' in a PICTURE character-string is counted 1in
determining the size of the item (in terms of standard data
format characters).

c. The operational signs for positive and negative are the standard
data format characters '+' and '-', respectively.

Every numeric data description entry whose PICTURE contains the
character 'S' is a signed numeric data description entry. If
conversion is necessary for purposes of computation or comparisons,
conversion takes place automatically.

Signs resulting from arithmetic operations and initial values Aare:

+ = 53 (graphic +)

- = 555 (graphic =)
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SYNCHRONIZED SYNCHRONIZED

SYNCHRONIZED CLAUSE

The SYNCHRONIZED ciause specifies the alignment of an elementary data item
on the natural boundaries of the computer memory.

General Format:

{

Syntax Rules:

1.

2.

3.

SYNCHRONIZED LEFT
SYNC RIGHT

The SYNCHRONIZED clause may appear only with an elementary data item.
SYNC is an abbreviation for SYNCHRONIZED.

LEFT and RIGHT are accepted and treated as documentation only.

General Rules:

10/77

This clause specifies that the Ssubject data item is to be aligned in
the computer such that no other data item occupies any of the
character positions between the 1leftmost and rightmost natural
boundaries delimiting this data item. If the number of character
positions required to store this data item is less than the number of
character positions between those natural boundaries, the unused
character positions (or portions thereof) must not be used for any
other data item. Such wunused character positions, however, are
included in:

a. the size of any group item(s) to which the elementary item
belongs;

b. the character positions redefined when this data item is the
object of a REDEFINES clause. .

The SYNCHRONIZED clause only has meaning for COMP-7 and COMP-8 data.
For COMP-7, a full word is allocated with the data occupying the
rightmost 18 bits. For COMP.8, data is allocated on a byte boundary
left adjusted and occupies an integral number of bytes.

Whenever a SYNCHRONIZED item is referenced in the source program, the
original size of the item, as shown in the PICTURE clause, is used in
determining any action that depends on size, such as justification,
truncation, or overflow.

6-37 ASU4A




SYNCHRONIZED

10/77

SYNCHRONIZED

When the SYNCHRONIZED clause is specified in a data description entry
of a data item that also contains an OCCURS clause, or in a data
description entry of a data item subordinate to a data description
entry that contains an OCCURS clause, then:

a. Each occurrence of the data item is SYNCHRONIZED.

b. Any implicit FILLER generated for other data items within that
same table are generated for each occurrence of those data items.

See "Data Allocation Rules™ in Section II for additional details.
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USAGE

USAGE CLAUSE

The USAGE clause specifies the format of a data item in memory.

General Format:
[ DISPLAY b
COMPUTATIONAL
%b%ﬁuunouu-s
[giA_G_E IS] 1 t‘OinT?ﬁTAnouAL-s )
C‘Gﬂrﬁ‘l’uloun-?

-

Syntax Rules:

1. The PICTURE character-string of a COMPUTATIONAL data item can contain
only '9's, the operational sign character 'S', the implied decimal

point character 'V', and one or more 'P's.

2. COMP is an abbreviation for COMPUTATIONAL. COMP-n is an abbreviation

for COMPUTATIONAL-n.

3. COMP and COMP-5 have the same meaning.

General Rules:

1. The USAGE clause can be written at any level. If the USAGE clause is
written at a group level, it applies to each elementary item in the
group. The USAGE clause of an elementary item cannot contradict the

USAGE clause of a group to which the item belongs.

2. A COMPUTATIONAL item is capable of representing a value to be used in
computations and must be numeric. If a group item 1is described as
COMPUTATIONAL the elementary items in the group are COMPUTATIONAL.

The group item itself 1is not COMPUTATIONAL (cannot be wused in
computations).
3. If a USAGE clause is not specified for an elementary item, or for any

group to which the item belongs, the usage is implicitly DISPLAY.
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USAGE

9.
10.
1.

10777

USAGE
DISPLAY data items are ASCII characters. Signed numeric data has the
sign associated with the rightmost position of the data item unless
LEADING is =specified in the SIGN clause. In this case, the sign is

associated with the ieftmost position of the data item. (Refer to the
SIGN clause.) A plus sign combined with the digits 1 through 9 is
represented by the characters A through I respectively. A plus sign
combined with the digit 0 is represented by the chaFacter left brace
({) (octal 173). A minus sign combined with the digits 1 through 9 is
represented by the characters J through R respectively. A minus sign

combined with 0 is represented by the character right brace (]) (octal
175).

COMP, COMP-5, COMPUTATIONAL, and COMPUTATIONAL-5 data items are packed
decimal. A digit is represented by 4 bits, right-justified in a byte.
A byte may represent 2 digits. The leftmost bit of byte is always 0.
If the data item is signed, the sign is in right half byte of the
rightmost byte; i.e., it is a trailing sign. The plus sign is octal
13 ("1011"b). The minus sign is octal 15 ("1101"b).

COMP-6 is a fixed twos complement binary integer of 36 bits. A
PICTURE clause cannot be specified for this data item.

COMP-7 is a fixed twos complement binary integer of 18 bits. &
PICTURE clause cannct be specified for this data item.

L}
COMP-8 data items are packed decimal. A digit is represented by four
bits; however, such items need not start on a byte boundary. A byte
may represent two digits. The leftmost bit of tlie byte is always 0. If
the data item is signed, the sign occupies the leftmost half byte of
data; 1i.e., it is a 1leading sign. The plus sign 1is octal 13
(*1011"b). The minus sign is octal 15 ("1101"b).

Refer to the Multics COBOL Users' Guide for additional information.

Refer to Section II, "Data Allocation Rules."

For COMP-7, and COMP-8 see Data Allocation Rules when synchronization
is of importance.
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VALUE

VALUE

VALUE CLAUSE

The VALUE clause defines the value of constants, the initial value of
working-storage data items, and the values associated with a condition-name.

Format 1

YALUE IS 1literal

Format 2

{mun Is;}' mnmmn}
literal-1 literal-2
YALUES AR [tnnu

THROUGH
, literal-3 literal-4 eee

Syntax Rules:

(V3
.

The words THRU and THROUGH are equivalent.

A signed numeric literal must be associated with a signed numeric
PICTURE character-string.

All numeric literals in a VALUE clause of an item must have a value
which 1is within the range of values indicated by the PICTURE clause,
and must not have a value which would require truncation of nonzero
digits. Nonnumeric 1literals in a VALUE clause of an item must not
exceed the size indicated by the PICTURE clause.
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VALUE

General Rules:

VALUE

1. The VALUE clause must not conflict with other clauses in the data
description of the item or in the data description within the
hierarchy of the item. The following rules apply:

a.

If the category of the item is numeric, all literals in the VALUE
clause must be numeric. If the literal defines the value of a
working-storage data item, the 1literal is aligned in the data
item according to the standard alignment rules (see Section 11).

If the category of the item is alphabetic, alphanumeric,
alphanumeric edited, or numeric edited, all literals in the VALUE
clause must be nonnumeric literals. The literal is aligned in
the data item as if the data item had been described as
alphanumeric. Editing characters in the PICTURE clause are
included in determining the size of the data item but have no
effect on initialization of the data item. Therefore, the VALUE
for an edited item is presented in an edited form.

Initialization takes place independent of any BLANK WHEN ZERO
clause or JUSTIFIED clause that may be specified.

2. A figurative constant may be substituted in both Format 1 and Format 2
wherever a literal is specified.

Condition-Name Rules:

1. In a condition-name entry, the VALUE clause is required. The VALUE
clause and the condition-name itself are the only two clauses
permitted in the entry. The characteristics of a condition-name are
implicitly those of its conditional variable.

2. Format 2 can be wused only in connection with condition-names.
Wherever the THRU phrase is used, literal-1 must be less than
literal-2, literal-3 less than literal-i, etc.
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VALUE VALUE

Data Description Entries Other Than Condition-Names:

1. Rules governing the use of the VALUE clause differ with the respective
sections of the Data Division:

a. In the File Section and in the Linkage Section, the VALUE clause
can be used only in condition-name entries.

b. In the Working-Storage Section and in the Communication Section,
the VALUE clause must be used in condition-name entries. The
VALUE clause can also be used to specify the initial value of any
other data item; in which case the clause causes the item to
assume the specified value at the start of the object program.
If the VALUE clause is not used in an item's description, the
initial value is undefined.

c. In the Constant Section, the VALUE clause must be used for every
data item defined, but not necessarily for every data
description, due to redefines and renames capabilities.

2. The VALUE clause must not be stated in a data description entry that
contains an OCCURS clause, or in an entry that is subordinate to an
entry containing an OCCURS clause. This rule does not apply to
condition-name entries.

3. The VALUE clause must not be stated in a data description entry that
contains a REDEFINES clause , or in an entry that is subordinate to an
entry containing a REDEFINES clause. This rule does not apply to
condition-name entries.

y, If the VALUE clause is used in an entry at the group level, the
literal must be a figurative constant or a nonnumeric literal, and the
group area 1is initialized without consideration for the individual
elementary or group items contained within this group. The VALUE
clause cannot be stated at the subordinate levels within this group.

5. The VALUE clause must not be written for a group containing items with

descriptions including the JUSTIFIED, SYNCHRONIZED, or USAGE clauses
(other than USAGE IS DISPLAY).
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SECTION VII

PROCEDURE DIVISION FOR THE NUCLEUS

RROCEDURE DIVISION FUNCTIONS

The Procedure Division contains the procedures required to solve a given
problem and must be 1included in every Multics COBOL source program. The
Procedure Division 1is written as statements, combined to form sentences,
combined to form paragraphs under paragraph-names, which in turn can be combined
into sections under section-names.

ARITHMETIC EXPRESSIONS

An arithmetic expression can be an identifier of a numeric elementary item,
a numeric literal, such identifiers and literals separated by arithmetic
operators, two arithmetic expressions separated by an arithmetic operator, or an
arithmetic expression enclosed in parentheses. Any arithmetic expression may be
preceded by a unary operator, The permissible combinations of variables,

numeric literals, arithmetic operators, and parentheses are given below in
Table 7-1.

Identifiers and 1literals appearing in an arithmetic expression musi
represent either numeric elsmentary items or numeric literals on which

arithmetic may be performed.

Acithmetic Operators

Five binary arithmetic operators and two unary arithmetic operators can be
used in arithmetic expressions. They are represented by specific characters
that must be preceded by a space and followed by a apace.
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Binary

Arithmetic Operators Meaning
+ Addition
- Subtraction
bd Multiplication
/ Division
.8 Exponentiation
Unary
Arithmetic Operators Meaning
+ The effect of multiplication

by numeric literal +1

- The effect of multiplication
by numeric literal -1

Formation and Evaluation Rules

Rules for the formation and evaluation of arithmetic expressions ure:

1. Parentheses can be used in arithmetic expressions to specify the order
in which elements are to be evaluated. Expressions within parentheses
are evaluated first and, within nested parentheses, evaluation
proceeds from the least inciusive set to the most inclusive set. When
parentheses are not used, or parenthesized expressions are at the same
level of inclusiveness, the following hierarchical order of execution
is implied:

1st - Unary plus and minus
2nd - Exponentiation
3rd - Multiplication and division
4th - Addition and subtraction
2. Parentheses are used either to eliminate ambiguities in 1logic where

consecutive operations of the same hierarchical level appear or to
modify the normal hierarchical sequence of execution in expressions
where some deviation from the normal precedence is required. When the
sequence of execution 1is not specified by parentheses, the order of
execution of consecutive operations of the same hierarchical level is
from left to right.

3. Methods in which operators, variables, and parentheses may be combined
in an arithmetic expression are summarized in Table T7-1.

4. An arithmetic expression can begin only with the symbols (, +, or -,
or a variable, and can end only with a ) or a variable. There must be
a one-to-one correspondence between left and right parentheses of an
arithmetic expression, so that each left parenthesis is to the left of
its corresponding right parenthesis.

5. Arithmetic expressions allow the user to combine arithmetic operations

without the restrictions on composite of operands or receiving data
items. {(Refer to "Arithmetic Statements" later in this section.)
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Table 7-1. Combination of Symbols in Arithmetic Expressions

Second Symbol

First - .

Symbol Variable] ¥ 7 Unary ¢ )
LA S + or -

Variable - P - - P
LAV L P - P P -
Unary + or - P - - P -
( P - P P -
) - P - - P

NOTES: 1. The letter P indicates a permissible pair of
symbols.

2. The character "-" represents an invalid pair.

3. "Variable" represents an identifier or literal.

CONDITIONAL EXPRESSIONS

Conditional expressions identify conditions that are tested to enable the
object program to select between alternate paths of contrcl depending upon the
truth value of the condition. Conditional expressions are specified in the IF,
PERFORM, and SEARCH statements. Two categories of conditions are associated
with conditional expressions: simple conditions and complex conditions. Each
may be enclosed within any number of paired parentheses; in which case its
category is not changed.

Simple Conditions

Simple conditions are the relation, class, condition-name, switch-status,
and sign conditions. A simple condition has a truth value of true or false.
When simple conditions are included within parentheses, the simple truth value
does not change.
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RELATION CONDITION

A relation condition causes a comparison of two operands, each of which can
be th: data item referenced by an identifier, a literal, or the value resulting
from an arithmetic expression. A relation condition has a truth value of true
if *ne relation exists between the operands. Comparison of two numeric operands
is permitted regardless of the formats specified in their respective USAGE
clauses. However, for all other comparisons the operands must have the same
usage. If either of the operands is a group item, the nonnumeric comparison
rules apply.

The general format of a relation condition is:

~ -
1S [NOT] >
IS [NOT] <
IS [NOT] =
identifier-1 Is [NQT] GREATER THAN identifier-2
literal-1 { IS [NOT] LESS THAN ? | literal-2
arithmetic- IS [NQT] EQUAL TO arithmetic-
expression-1 IS UNEQUAL TO expression-2
EQUALS
. EXCEEDS p

NOTE: The required relational characters >, <, and = are not unde.'lined to
avoid confusion with other symbols such as > (greater thar or equal
to).

The first operand (identifier-1, literal-1, or arithmetic-expression-1) is
called the subject of the condition; the second operand (identifier-2,
literal-2, or arithmetic-expression-2) is called the object of the condition.
The relation condition must contain at least one reference to a variable.

The relational operator specifies the type of comparison to be made in a
relation condition. A space must precede and follow each reserved word of which
the relational operator is composed. When used, NOT and the next key word or
relation character are one relational operator that defines the comparison to be
executed for truth value; that is, NOT EQUAL is a truth test for an unequal
comparison and NOT GREATER is a truth test for an equal or less comparison. The
meaning of the relational operators is: .

Relational Operator Meaning

1s [ nor ] GREATER THAN
1s [wor] >

1s [ wor ] LEss THaw
1s [wor] <

1s [ wor ] EquaL To }
1s [wor] -

}'Greater than or not greater than
}'Less than or not less than

Equal to or not equal to

IS UNEQUAL TO Not equal to
EQUALS ' Equal to
EXCEEDS Greater than
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Comparison of Numeric Operands

For operands whose class is numeric, a comparison is made with respect to
the algebraic value of the operands. The length of the literal or arithmetic
expression operands, in terms of number of digits represented, is not
significant. Zero is considered a unique value regardless of the sign.
Comparison of these operands is permitted regardless of the manner 1in which
their usage is described. Unsigned numeric operands are considered positive for
purposes of comparison.

Comparison of Nonnumeric¢ Operands

For two nonnumeric operands, or one numeric and one nonnumeric operand, a
comparison is wmade with respect to a specified collating sequence of
characters. Refer to the PROGRAM COLLATING SEQUENCE phrase of the
OBJECT-COMPUTER paragraph. If one of the operands is specified as numeric, it
must be an integer data item or an integer literal and:

1. If the nonnumeric operand is an elementary data item or a nonnumeric
literal, the numeric operand is treated as though it were moved to an
elementary alphanumeric data item of the same size as the numeric data
item (in terms of standard data format characters), and the contents
of this alphanumeric data item were then compared to the nonnumeric
operand. {(Refer to the MOVE statement and the character P 1in the
PICTURE clause.)

2. 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 as
the numeric data item (in terms of standard data format characters),
and the contents of this group item were then compared to tne
nonnumeric operand.

A noninteger numeric operand cannot be compared to a nonnumeric operand.

Comparison of Operands of Equal or Unequal Sizes

The size of an operand is the total number of standard data format
characters in the operand. Numeric and nonnumeric operands can be compared only
when their wusage 1is the same. There are two cases to consider: operands of
equal size and operands of unequal size.

If the operands are of equal size, comparison effectively proceeds by
comparing characters in corresponding character positions starting from the
high-order end and continuing until either a pair of unequal characters is
encountered or. the low-order end of the operand is reacned, whichever comes
first. The operands are determined to be equal if all pairs of characters
compare equally through the last pair, when the low-order end is reached.

The first encountered pair of unequal characters is compared to determine
their relative position in the collating sequence. The operand that contains
the character that is positioned higher in the collating sequence is considered
to be the greater operand.

If the operands are of unequal size, comparison proceeds as though the
shorter operand is extended on the right by sufficient spaces to make the
operands of equal size.
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CLASS COUNDITION

The class condition determines whether the operand is numeric, consisting
entirely of the characters 0 through 9 (with or without the operational sign),
or alphabetic, consisting entirely of the characters A through Z, a through =z,
and the space. The general format for the class condition is:

}'

identifier IS [N_QI]{

The wusage of the operand being tested must be described as DISPLAY. When
used, NOT and the next key word specify one class condition that defines the
class test to be executed for truth value; that is, NOT NUMERIC is a truth test
for determining that an operand is nonnumeric,

The NUMERIC te¢st cannot be wused with an item whose data description
describes the item as alphabetic or as a group item composed of elementary items
whose data description indicates the presence of operational signs. If the data
description of the item being tested does not indicate the presence of an
operational sign, the item being tested is determined to be numeric only if the
contents are numeric and an operational sign 1is not present. If the data
description of the item does indicate the presence of an operational =« gn, the
item being tested is determined to be numeric only if the contents ~:re numeric
anc¢ a valid operational sign is present.

The ALPHABETIC test cannot be used with an item whose data description
describes the item as numeric. The item Dbeing tested is determined to be
alphabetic only if the contents consist of any combination of the alphabetic
characters A through Z, a through z, and the space.

CONDITION-NAME CONDITION

In a condition-name condition, a conditional variable 1is tested to
determine whether or not its value i3 equal to one of the values associated with
a condition-name. The general format for the condition-name condition is:

condition-name

If the condition-name is associated with a range or ranges of-values, - then
the conditional variable is tested to determine whether or not its value falls
in this range, including the end values.

The rules for comparing a conditional variable with a condition-name value
are the same as those specified for relation conditions. 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.

SWITCH-STATUS CONDITION

A switch-status condition determines the "on" or "off"™ status of an
implementor-defined switch. The implementor-name and the "on" or "off" value
associated with the condition must be named in the SPECIAL-NAMES paragraph of
the Environment Division.
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The general format of the status-switch condition is as follows:

condition-name

The result of the test 1s true if the switch is set to the specified
position corresponding to the condition-name.

SIGN CONDITION

The sign condition determines whether or not the algebraic value of an
arithmetic expression is less than, greater than, or equal to zero. The general
format for a sign condition is:

POSITIVE
arithmetic-expression IS [HQ_I] {RE_QAIIJLB}

When wused, NOT and the next key word specify one sign condition that
defines the algebraic test to be executed for truth value; for example, NOT ZERO
is a truth test for a nonzero (positive or negative) value. An operand is
positive if its value is greater than zero, negative if its valie is less than
zero, and zero if its value is equal to zero. The arithmetic expression must
contain at least one reference to a variable.

Complex Conditions

A complex condition is formed by combining simple conditions, combined
conditions, or complex conditions with logical connectors (logical operators AND
and OR) or negating these conditions with logical negation (the logical operator
NOT). The truth value of a complex condition, whether parenthesized or not, is
that truth value which 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 1logically connected or logically
negated.

The logical operators and their meanings are:

Logical Operator Meaning

AND Logical conjunction; the truth value is true if both
of the conjoined conditions are true; false if one or
both of the conjoined conditions is false.

OR Logical inclusive OR; the truth value is true if one
or both of the included conditions is true; false if
both included conditions are false.

NOT Logical negation or reversal of truth value; the truth

value 1is true if the condition is false; false if the
condition is true.

The logical operators must be preceded by a space and followed by a space.
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NEGATED SIMPLE CONDITIONS

A simple condition is negated by using the logical operator NOT. The
negated simple condition results in the opposite truth value for a simple
condition. Thus, the truth value of a negated simple condition is true only i
the truth value of the simple condition is false; the truth value of a negate
simple condition is false only if the truth value of the simple condition is
true. If a negated simple condition is included within parentheses, the truth
value does not change. The general format for a negated simple condition is:

NQT simple-condition

COMBINED AND NEGATED COMBINED CONDITIONS

A combined condition' results from connecting conditions with one of the
logical operators AND or OR. The general format of a combined condition is:

AND
condition condition cee
QR

where "condition" can be:

A simple condition

<

o] A negated simple condition
o] A combined condition

o A negated combined condition; that is, the NOT 1logical operato:
followed by a combined condition enclosed within parentheses

o] Combinations of the above, stated according to the rules specified in
Table 7-2

Although parentheses need never be used when either AND or OR (but not
both) i1s used exclusively in a combined condition, parentheses can be wused to
effect a final truth value when a mixture of AND, OR, and NOT is used. (Refer
to "Condition Evaluation Rules" below.)

There must be a one-to-one correspondence between left and right
parentheses such that each left parenthesis is to the left of its corresponding
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tapre f-2. Combinations of Conditions, Logical Operators, and Parentheses

Location in In a left-to-right sequence of elements:
conditional | _ -
sxpression IElement, when not Element, when not
Given the follow- first, can be last, can be
ing element First Last jimmediately pre- immediately fol-
ceded by only: lowed by only:
simple-condition Yes Yes OR, NOT, AND, ( OR, AND, )
OR or AND No No simple-condition, ) simple-condition,
NOT, (
NOT Yes | No OR, AND, ( simple-condition, (
( Yes No OR, NOT, AND, ( simple-condition,
NOT, (
) No Yes simple-condition, ) OR, AND, )

Thus, the element pair OR NOT is permissible while the pair NOT OR 1is not
permissible; NOT ( 1is permissible while NOT NOT is not permissible.

Abbreviated Combined Relation Conditions

When simple or negated simple relation conditions are combined with logical
connectives in a consecutive sequence such that a succeeding relation condition
contains a subject or subject and relational operator that is common with the
preceding relation condition, and no parentheses are used within such a
consecutive sequence, any relation condition except the first may be abbreviated
by:

o Omitting the subject of the relation condition

o Omitting the subject and relational operator of the relation condition

The format for an abbreviated combined relation condition is:

AND
relation-condition [ B_QI_] [ relational-operator ] object -
OR

Within a sequence of relation conditions both of the above forms of
abbreviation may be used. The effect of using such abbreviations is as if the
last preceding stated subject is inserted in place of the omitted subject, and
the 1last stated relational operator 1is inserted in place of the omitted
relational operator. The result of such implied insertion must comply with the
rules in Table T7-2. This 1insertion of an omitted subject and/or relational
operator terminates after a complete simple condition is encountered within a
complex condition.
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The interpretation applied to the use of the word NOT in an abbreviated
combined relation condition is as follows:

1. If the word or symbol immediately following NOT is GREATER, >, LESS,
<, EQUAL, or =, then the NOT participates as part of the relational
operator; otherwise

2. The NOT is interpreted as a 1logical operator and, therefore, the

implied insertion of subject or relational operator results in a
negated relation condition.

Some examples of abbreviated combined and negated combined relation
conditions and expanded equivalents follow.

Abbreviated Combined

—Relation Condition Expanded Equivalent

a > b AND NOT < ¢ OR d. ((a > b) AND (a NOT < c¢)) OR (a NOT < d)
a NOT EQUAL b OR ¢ (a NOT EQUAL b) OR (a NOT EQUAL c)

NCT a = b OR ¢ (NOT (a = b)) OR (a = ¢)

NOT (a GREATER b OR < c) NOT ((a GREATER b) OR (a < ¢}

NOT (a NOT > b AND c AND NOT 4d) NOT ((((a NOT > b) AND (a NOT > c)) AND

(NOT (a NOT > d))))

Condition Evaluation Rules

Parentheses may be used to specify the order in which individual conditions
of complex conditions are to be evaluated when it is necessary to depart from
the implied evaluation precedence. Conditions within parentheses are evaluated
first and, within nested parentheses, evaluation proceeds from the least
inclusive condition to the most inclusive condition. When parentheses are not
used, or parenthesized conditions are at the same level of inclusiveness, the
following hierarchical order of logical evaluation is implied until the final
truth value is determined:

1. Values are established for arithmetic expressions. (Refer to
"Formation and Evaluation Rules™ above.

2. Truth values for simple conditions are established in the following

order:

o] Relation (following the expansion of any abbreviated relation
condition)

o Class

(o] Condition-Name

o Sign

3. Truth values for negated simple conditions are established.
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y, Truth values for combined conditions are established:
o AND logical operators, followed by

o OR logical operators.

5. Truth values for negated combined conditions are established.

6. When the sequence of evaluation 1is not completely specified by
parentheses, the order of evaluation of consecutive operations of the
same hierarchical level is from left to right.

COMMON PHRASES IN STATEMENT FORMATS

In the statement descriptions of the Procedure Division, several phrases
appear frequently: ROUNDED, SIZE ERROR, and CORRESPONDING.

In. the following paragraphs, the term ™resultant-identifier" is that
identifier associated with a result of an arithmetic operation.

ROUNDED Phrase

If, after decimal point alignment, the number of places in the fraction of
the result of an arithmetic operation is greater than the number of places
provided for the fraction of the resultant-identifier, truncation is relative to
the size provided for the resultant-identifier. When rounding is requested, the
absolute value of the resultant-identifier is increased by one (1) in the 1least

significant digit whencver the rmost significant digit of the excess is greater
than or equal to five (5).

When the low-order integer positions in a resultant-identifier are
represented by the character P in the PICTURE for that resultant-identifier,
rounding or truncation occurs relative to the rightmost integer position for

which storage is allocated.

SIZE ERROR Phrase

If, after decimal point alignment, the absolute value of a result exceeds
the largest value that can be contained in the associated resultant-identifier,
a size error condition exists,. Division by zero always causes a size error
condition. The size error condition applies only to the final results of an
arithmetic operation and not to intermediate results, except in the MULTIPLY and
DIVIDE statements, in which case the size error condition applies to the
intermediate results as well. If the ROUNDED phrase is specified, rounding
takes place before checking for size error. When such a size error condition
occurs, the subsequent action depends on whether or not the SIZE ERROR phrase is
specified.

1. If the SIZE ERROR phrase- is not specified and a size error condition
occurs, the values of those resultant-identifiers affected are
undefined. Values of resultant-identifiers for which no size error
condition occurs are unaffected by size errors that occur for other
resultant-identifiers during execution of this operation. Normally,
when a size error occurs and the SIZE ERROR phrase is not specified,
program execution terminates, and control returns to command level.
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2. If the SIZE ERROR phrase is specified and a size error condition
occurs, the values of resultant-identifiers affected by the size
errors are not altered. Values of resultant-identifiers for which no
size error condition occurs are unaffected by size errors that occur
for other resultant-identifiers during execution of this operation.
After completion of the execution of this operation, the imperative
statement in the SIZE ERROR phrase is executed.

For the ADD statement with the CORRESPONDING phrase and the SUBTRACT
statement with the CORRESPONDING phrase, if any of the 1individual operations
produce a size error condition, the imperative statement in the SIZE ERROR

phrase 1is not executed wuntil all individual additions or subtractions are
completed.

CORRESPONDING Phrase

For the purpose of this discussion, dqi and dp represent identifiers that
refer to group items. A pair of data items, one from d4y and one from dj,
correspond if the following conditions exist:

1. A data item in dq and a data item in dp are not designated by the key
word FILLER and have the same data-name and the same qualifiers up to,
but not including, dy and dj.

2. At least one of the data items is an elementary data item in the case
of a MOVE statement with the CORRESPONDING phrase; both data items are
elementary numeric data items 1in the case of the ADD statement with
the CORRESPONDING phrase or the SUBTRACT statement with the
CORRESPONDING phrase.

3. The description of dy and dp must not contain level-number 66, 77, or
88, or the USAGE IS INDEX clause.

y. A data item that is subordinate to dq or dy and contains a REDEFINES,
RENAMES, OCCURS, or USAGE IS INDEX clause is ignored; data items
subordinate to the data item that contains such a clause are also
ignored. However, dqi and dy may have REDEFINES or OCCURS clauses or
be subordinate to data items with REDEFINES or OCCURS clauses.

5. If no data item corresponds (i.e., no ADD, SUBTRACT, or MOVE takes
place), a fatal diagnostic is produced at compilation time.

ARITHMETIC STATEMENTS

The arithmetic statements are ADD, COMPUTE, DIVIDE, MULTIPLY, and SUBTRACT.
They have several common features.

1. The data descriptions of the operands need not be the same; any
necessary conversion and decimal point alignment 1is supplied
throughout the calculation.

2. The maximum size of each operand 1is 18 decimal digits. The composite
of operands, which 1is a hypothetical data item resulting from the
superimposition of specified operands in a statement ‘aligned on their
decimal points, must not contain more than 18 decimal digits.
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3. Computations in the object program must frequently use data items to
hold intermediate values. These items, called temporary operands, are
30 digits in size, are 1invisible to the programmer, and hold any
interim values generated by an arithmetic operation. A number of most
significant nonzero digits, which can be set by the NUMERIC-LIMIT
clause, are retained at all times. Unless otherwise specified, the
default is 30. In an arithmetic operation, when the size of the value
exceeds that number of digits, the 1least significant (rightmost)
digits are truncated.

e

&
.

A size error can occur if the final results of an arithmetic operation
are too large for the receiving field. The size error occurs when an
attempt is made to store the intermediate data item, not during actual
computation. During computation, a size error can occur only under
certain conditions, such as when the user attempts to divide by zero
or violates a rule of exponentiation. (Refer to "Exponentiation in
Arithmetic Expressions" below.)

Qverlapping Qperands

When sending and receiving items in an INSPECT, SET, STRING, or UNSTRING
statement share a part of their storage areas, the result of the execution of
such a statement is undefined.

When sending and receiving items in an arithmetic statement or a MOVE
statement share a part of their storage areas, the statement operates as if the

sending operand 1is moved to a temporary operand and then the temporary operand
participates in the operation.

Multiple Results in Arithmetic Statements

Arithmetic statements can have multiple results. Such statements behave as
though they are written in the following way:

1. A statement which performs all arithmetic necessary to arrive at the
result to be stored in the receiving items, and stores that result in
a temporary storage location.

2. A sequence of statements transferring or combining the value of this
temporary location with a single result. These statements are
considered to be written in the same left-to-right sequence in which
the multiple results are listed.

The result of the statement
ADD a, b, ¢ TO ¢, d (c), e
is equivalent to:
ADD a, b, ¢ GIVING temp
ADD temp TO ¢
ADD temp TO d (c)
ADD temp TO e

where "temp" is an intermediate result item provided by the compiler.
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Exponentiation in Arithmetic Expressions

foll The rules that apply to exponentiation in an arithmetic expression are as
ollows:

1. An exponent is an arithmetic expression.

2. When an expression to be raised to a power has the value of zero, the
exponent must have a positive value greater than zero.

3. When an expression to be raised to a power has a negative value, the
exponent must have an integral value.

y, If a Multics COBOL user violates either rule 2 or 3, a size error
condition occurs at execution time. (Refer to "SIZE ERROR Phrase"
above.)

INCOMPATIBLE DATA

Except for the class condition, when the contents of a data item are
referenced in the Procedure Division and the contents of that data item are
ircompatible with the class specified for that data item by its PICTURE clause,
the result of such a reference is undefined.

NON-INPUT/QUTPUT ERRORS

Non-input/output (I/0) errors can be detected by the processing equipment,
the Multics operating system, or by instructions generated by the compiler. An
out-of-range subscript is an example of a non-input/ocutput error. The following
conditions occur as a result:

1. If the compiler can anticipate the error (for example, an out of range
subscript), a COBOL error message describing the error in COBOL terms
is issued. It gives the program-name, the external line number, and
the address (segment number and offset). These error messages are

described in the Multics COBOL Users' Guide. The error condition is
then signalled.

2. If the compiler cannot anticipate the error (for example, record quota
overflow) the error condition is signalled. If a default handler is
not provided for the error, Multics issues an error message and goes
to command level. Refer to the MPM Reference Guide for descriptions
of signalling error conditions, default handlers, and command level.

3. Error messages are written on the I/0 module error_output, which is
normally attached to the user's terminal.
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ACCEPT

M amrsasTiaren

The ACCEPT statement causes low-volume data to be made available in the
specified data item.

Format 1:

ACCEPT identifier [ FROM mnemonic-name |

Eormat 2

DAIE
ACCEPT identifier FROM | DAY

Syntax Rules:

1'

Mnemonic-name must be specified in the SPECIAL-NAMES paragraph
(Section VI) of the Environment Division and must be associated with
either SYSIN or CONSOLE.

General Rules:

The ACCEPT statement causes data to be transferred from the hardware
device or system file specified by the FROM phrase. This data
replaces the contents of the data item named by the identifier.

The FROM phrase is for documentation only. Data is input from the I1/0
switch user_input, which is normally attached to the user's terminal.

The transfer of data is terminated when a newline character is
encountered in the data. The newline character is not stored in the
identifier.

If the size of the receiving data 1item exceeds the size of the
transferred data, the transferred data is stored aligned to the left
in the receiving data item with blank-fill on the right.

If the size of the transferred data exceeds the size of the receiving
data item, only the leftmost characters of the transferred data are
stored in the receiving data item. The remaining characters of the
transferred data which do not fit into the receiving data item are
discarded.

No conversion takes place when storing data in the identifier. Data
is stored in memory exactly as it is received.
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ACCEPT

ACCEPT

The ACCEPT statement causes the information requested to be
transferred to the data item specified by identifier according to the
rules of the MOVE statement. DATE, DAY, and TIME are conceptual data
items and, therefore, are not described in the COBOL program.

DATE is composed of the data elements year of century, month of year,
and day of month. The sequence of the data element codes is from high
order to low order (left to right) year of century, month of year, and
day of month. For example, July 4, 1976 is expressed as T760704.
DATE, when accessed by a COBOL program, reacts as if it 1is described
in the program as an unsigned elementary numeric integer data item six
digits in length.

DAY is composed of the data elements year of century and day of year.
The sequence of the data element codes is from high order to low order
(left to right) year of century, day of year. For examp.e, July 4,
1976 is expressed as 76186. DAY, when accessed by a COBOL program,
reacts as if it is described in the program as an unsigned elementary
numeric integer data item five digits in length.

TIME is composed of the data elements hours, minutes, seconds, and
hundredths of a second. TIME is based on elapsed time after midnight
on a 24-hour clock basis; thus, 2:41 P.M. is expressed as 14410000,
TIME, when accessed by a COBOL program, reacts as if it is described
in the program as an unsigned elementary numeric integer data item
eight digits in 1length. The minimum value of TIME is 00000000; the
maximum value of TIME is 23595999.

DAY-OF-WEEK is composed of a single data element whose content
represents the day of the week. When accessed by a COBOL program,
DAY-OF-WEEK behaves as if it had been described in the COBOL program
as an unsigned elementary numeric integer data item one digit in
length. In DAY-OF-WEEK, the value 1 represents Monday, 2 represents

-

Tuesday, ..., 7 represents Sunday.
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ADD ADD

ADD STATEMENT

The ADD statement causes two or more numeric operands to be summed and the
result to be stored.

Format 1:
identifier-1 , identifier-2
ADD . eso I0 identifier-m [RQQH.D.ED]
literal-1 , literal-2

[ , 1dentifier-n [RQQ&D_ED] ] [ ; ON SIZE ERROR imperative-statement]

Format 2:
{ identifier-1 } { identit‘ier-z} [ , 1dent1t‘ier-3]
literal-1 " L 1iteral-2 , literal-3

GIVING identifier-m [ ROUNDED | [, tdentifter-n [ BOUNDED ] ]
[ s ON SIZE ERRQR imperative-statement ]

Format 3:
CORRESPONDING
ADD
CORR
[ ;7 ON SIZE ERROR imperative-statement ]

identifier-1 TQ identifier-2 [m;mm]
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Syntax Rules:

1. In Formats 1 and 2, each identifier must refer to an elementary
numeric item, except that in Format 2 each identifier following the
word GIVING must refer to either an elementary numeric 1item or an
elementary numeric edited item. In Format 3, each identifier must
refer to a group item.

2. Each literal must be a numeric literal.

3. The composite of operands must- not contain more than 18 decimal
digits.
a. In Format 1, the composite of operands is determined 5y using all

of the operands in a given statement.

b. In Format 2, the composite of operands is determined ty using all
of the operands in a given statement excluding the data items
that follow the word GIVING.

c. In Format 3; the composite of operands is determined separately

for each pair of corresponding data items.

y, CORR is an abbreviation for CORRESPONDING.

General Rules:

1. If Format 1 is used, the values of the operands preceding the word TO
are added together. That sum is then added to the current value of
identifier-m, and the result is stored immediately into identifier-m;
this process 1is repeated respectively for each operand following the

word TO.

2. If Format 2 is used, the values of the operands preceding the word
GIVING are added together and this sum is stored as the new value of
each identifier-m, identifier-n, ..., the resultant-identifiers.

3. If Format 3 is used, data items in identifier-1 are added to and

stored in corresponding data items in identifier-2.

y, For large operands, the compiler uses the temporary operand described
under "Arithmetic Statements" earlier in this section.

5. Refer to "Common Phrases in Statement Formats" earlier in this section

for an explanation of the uses of the ROUNDED, SIZE ERROR, and
CORRESPONDING phrases and arithmetic statements.
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ALTER

AT ™ ™aT

The A

General Fo

LTER statement modifies a predetermined sequence of operations.

rmat:

ALTER procedure-name-i JI{ [EB_QCEE_E IQ] procedure-name-2

Syntax Rul

1.

General Ru

1.

[ , procedure-name-3 TQ [B_RQ_QEE_Q IQ] procedure-name—u] e

es:

Each procedure-name-1, procedure-name-3, ..., is the name of a
paragraph containing a single sentence consisting of a GO TO statement
without the DEPENDING phrase.

Each procedure-name-2, procedure-name-4, ..., 1is the name of a
paragraph or section in the Procedure Division.

les:

Execution of the ALTER statement modifies the GO TO statement in the
paragraph named procedure-name~1, procedure-name-3, ..., 8O0 that
subsequent executions of the modified GO TO statements cause transfer
of control to procedure-name-2, procedure-name-4, ..., respectively.

A GO TO statement in a section whose segment-number is greater than or
equal to 50 must not be referred to by an ALTER statement in a section
with a different segment-number.

Use of the “"ALTER"™ statement should be avoided; use of the "GO
TO...DEPENDING" statement is preferred.
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COMPUTE " COMPUTE

COMPUTE STATEMENT
The COMPUTE statement assigns the value of an arithmetic expression to one

or more data items.

General Format:

COMPUTE identifier-1 [ﬁg;mm] [, identifier-2 [mp_m]]

EROM
{: arithmetic-expression [; ON SIZE ERROR imperative—statement]
EQUALS

Syatax Rules:

1. Identifiers that appear to the left of a FROM, EQUALS, or = must refer
to either an elementary numeric item or an elementary numeric edited
item.

General Rules:

1. An arithmetic expression consisting of a single identifier or 1literal
provides a method of setting the values of identifier-1, identifier-2,
etc., equal to the value of the single identifier or literal.

2. If more than one identifier is specified for the result of the
operation, and precedes a FROM, EQUALS, or =, the value of the
arithmetic expression is computed, and this value is stored as the new
value of each of the data items referenced by identifier-1,
identifier-2, etc., in turn.

3. The effect of the COMPUTE statement is the same as if a series of
individual arithmetic operations are written. Refer to "Arithmetic
Statements" earlier in this section for details of intermediate
results and truncation.

y, Refer to "Common Phrases in Statement Formats" earlier in this section

for an explanation of the uses of the ROUNDED and SIZE ERROR phrases
and arithmetic statements.
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DISPLAY DISPLAY

RISPLAY STATEMENT

The DISPLAY statement causes a 1line or 1lines of characters to be
transferred to a hardware device or system output file.

General Format:

identifier-1 , identifier-2
DISPLAY eee [ UPON mnemonic-name]
literal-t , literal-2

Syntax Rules:

1. Mnemonic-name must be specified in the SPECIAL-NAMES paragraph
(Section VI) of the Environment Division and must be aisociated with
either SYSOUT or CONSOLE.

2. Each literal can be any figurative constant, except ALL.

3. If the literal is numeric, it must be an unsigned integer.

General Rules:

1. The DISPLAY statement causes the contents of each operand to be
transferred to the user I/0 switch specified by the UPON phrase in the
order listed.

2. If the UPON phrase is not specified, SYSOUT is assumed.
3. If SYSOUT is implicit or is specified by mnemonic-name associated with

SYSOUT, data 1is transferred to the I/0 switch user_output, which is
normally attached to the user's terminal.

If CONSOLE is specified by a mnemonic-name associated with CONSOLE,
data 1is transferred to the I/0 switch error_output, which is normally
attached to the user's terminal.

y, If a figurative constant is specified as one of the operands, only a
single occurrence of the figurative constant is displayed.

5. When a DISPLAY statement contains more than one operand, the operands
are concatenated without intervening spaces and the values of the
operands are transferred in the sequence in which the operands are
encountered.

6. A newline character is transferred following the last operand.

T. No conversion of data takes place before transfer to the device.

(Refer to the Multics COBOL Users' Guide.)
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DIVIDE

DIVIDE STATEMENT

DIVIDE

The DIVIDE statement divides one numeric déta jtem intc others and sets the

values of data items equal to the quotient and remainder.

Format 1:

identifier-

1
DIVIDE { } INTQ identifier-2 [:mumm]

literal-1
[, identifier-3 [mumn]]
[ s ON SIZE ERRQR imperative-statement ]

Format 2:

identifier-1 1 [ identifier-

2
DIVIDE { INTO } GIVING

literal-t J L literal-2

identifier-3 [BQQNDE.D] [ , identifier-4 [ ROUNDED] ]
[ ; ON SIZE ERRQR imperative-statement ]

Format 3:

identifier-1 identifier-2
DIVIDE BY GIVING
literal=-1 literal-2

identifier-3 [mumm] [ identifier-4 [B_QU_N_QEQ]]

[ ; ON SIZE ERROR imperative-statement ]
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DIVIDE

DIVIDE
Eormat 4:
identifier-1 identifier-2
DIVIDE INIO GIVING
literal-1t literal-2
identifier-3 [mmmn] REMAINDER identifier-4
[ : on size Esmom tmperative-statement ]
Format 5: '
identifier-t identifier-2
RIVIDE BX GIVING
literal-1 literal-2
identifier-3 [m_uunm] BEMAINDER identifier-4
[ s ON SIZE ERRQR imperative-statement.]
Syntax Rules:
1. Each identifier must refer to an elementary numeric item, except that

any identifier associated with the GIVING or REMAINDER phrase must

refer to either an elementary numeric item or an elementary numeric
edited item.

2. Each literal must be a numeriec literal.
3. The composite of operands, which is the hypothetical data item
resulting from the superimposition of all receiving data items (except

the REMAINDER data item) of a given statement aligned on their decimal
points, must not contain more than 18 digits.
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DIVIDE

DIVIDE

General Rules:

When Format 1 is used, the value of identifier-1 or 1literal-1 |is
divided 1into the value of identifier-2, The value of the dividend
(identifier-2) is replaced by this quotient. This procedure also
occurs for identifier-1 or literal-1 and identifier-3, etc.

When Format 2 is used, the value of identifier-1 or literal-1 is
divided into identifier-2 or literal-2, and the result is stored in
identifier-3, identifier-4, etc.

When Format 3 is used, the value of identifier-1 or literal-1 |is
divided by the value of identifier-2 or literal-2, and the result is
stored in identifier-3, identifier-4, etc.

Formats 4 and 5 are used when a remainder from the division operation
is desired, namely identifier-4. The remainder in COBOL is Jdcfined as
the vresult of subtracting the product of the quotient (iduntifier-3)
and the divisor from the dividend. If identifier-3 is defined as a
numeric edited item, the quotient used to calculate the remainder is
an intermediate field which contains the unedited quotient. If
ROUNDED is wused, the quotient used to calculate the remainder is an
intermediate field which contains the quotient of the DIVIDE
statement, truncated rather than rounded.

In Formats Y4 and 5, the accuracy of the REMAINDER data item
(identifier-y) is defined by the calculation described above.
Appropriate decimal alignment and truncation (not rounding) will bel
performed for the content of the data item referenced by identifier-4,
as needed.

When the ON SIZE ERROR phrase is used in Formats 4 and 5, the
following rules apply:

a. If the size error occurs on the quotient, no remainder
calculation 1is meaningful. Thus, the contents of the data items
referenced by both identifier-3 and identifier-4 will remain
unchanged.

b. If the size error occurs on the remainder, the contents of the
data 1item referenced by identifier-4 remain unchanged. However,
as with other instances of multiple results of arithmetic
statements, analysis must be performed to determine which
condition has actually occurred.

Refer to "Common Phrases in Statement Formats" earlier in this section

for an explanation of the uses of the ROUNDED and SIZE ERROR phrases
and arithmetic statements.
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EXIT EXIT

EXIT STATEMENT

The EXIT statement provides a common end point for a series of procedures.

General Format:

EXIT.

Syntax Rules:

1. The EXIT statement must appear in a sentence by itself.

2. The EXIT sentence must be the only sentence in the paragraph.

General Rules:

1. An EXIT statement serves only to assign a procedure-name to a given

point in a prograa. It has no other effect on the compilation or
execution of the progranm,
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GO TO GO TO

The GO TO statement causes control to be transferred from one part of the
Procedure Division to another.

Format 1:

GQ TO [ procedure-name-1 ]

Format 2:
GQ TO procedure-name-1 [ y Pprocedure-name-2 ]

y procedure-name-n DEPENDING ON identifier
Syntax Rules:

1. A Format 1 GO TO statement, without procedure-name-1, can only appéar
in a single statement paragraph.

2. When a paragraph is referenced by an ALTER statement, that paragraph
can consist only of a paragraph header followed by a Format 1 GO TO
statement.

3. If a GO TO statement represented by Format 1 appears in a consecutive
sequence of imperative statements within a sentence, it must appear as
the last statement in that sequence.

i, Identifier is the namé of a numeric elementary item described with no
positions to the right of the assumed decimal point.

General Rules:

1. When a GO TO statement represented by Format 1 is executed, control is
transferred to procedure-name-1 or to another procedure-name if the GO
TO statement has been modified by an ALTER statement.

2. If procedure-name-1 is not specified in Format i, an ALTER statement
referring to this GO TO statement must be executed prior to the
execution of this GO TO statement. If no such ALTER statement is
executed, abnormal termination of the object program will result.

3. When a GO TO statement represented by Format 2 is executed, control is
transferred to procedure-name-1, procedure-name-2, etc., depending on
the value of the identifier being 1, 2, ..., n. If the value of the
identifier is anything other than the positive or unsigned integers 1,
2, ..y n, then no transfer occurs and control passes to the next

statement in the normal sequence for execution.
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IF

AE _STATEMENT

The IF statement causes a condition to be evaluated. The subsequent action
of the object program depends on whether the value of the condition is true or

false.

General Format:

statement-1 : ; ELSE statement-2
IF condition ;

NEXT SENTENCE ; ELSE NEXT SENTENCE

Syntax Rules:

1.

Statement-1 and statement-2 represent either an imperative statement
or a conditional statement, and either can be followed by a
conditional statement.

The ELSE - NEXT SENTENCE phrase can be omitted if it immediately
precedes the final period of the sentence.

Ceneral Rules:

1.

When an IF statement is executed, the following transfers of control
occur:

a. If the condition is true, statement-! 1is executed if it is
specified. If statement-1 contains a procedure branching or
conditional statement, control is explicitly transferred in
accordance with the rules of that statement. If statement-1 does
not contain a procedure branching or conditional statement, the
ELSE phrase, if specified, is ignored, and control passes to the
next executable sentence.

b. If the condition is true and the NEXT SENTENCE phrase is
specified instead of statement-1, the ELSE phrase, if specified,
is ignored, and control passes to the next executable sentence.

c. If the condition is false, statement-1 or its surrogate NEXT
SENTENCE is ignored and statement-2, if specified, i1s executed.
If statement-2 contains a procedure branching or conditional
statement, control is explicitly transferred in acecordance with
the rules of that statement. If statement-2 does not contain a
procedure branching or conditional Statement, control passes to
the next executable sentence. If the ELSE statement-2 phrase is
not specified, statement-1 is ignored, and control passes to the
next executable sentence.

d. If the condition is false and the ELSE NEXT SENTENCE phrase is

specified, statement-1 is ignored, 1if specified, and control
passes to the next executable sentence.
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IF

IF

Statement-1 or statement-2 may contain an IF statement. In this case,
the IF statement is considered to be nested.

IF statements within IF statements can be considered as paired IF and
ELSE combinations, proceeding from left to right. Thus, any ELSE
encountered is considered to apply to the immediately preceding IF
that has not been already paired with an ELSE.

Refer to "Conditional Expressions" earlier in this section for a
discussion of conditions.
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INSPECT STATEMENT

The INSPECT statement provides the ability to tally (Format 1), replace
(Format 2), or tally and replace (Forwat 3) occurrences of single characters or
groups of characters in a data item.

Format 1:

INSPECT identifier-1 TALLYING

~

~

ALL identifier-3
, identifier-2 FQOR , {{L.EADINQ } literal-1 }}
CHARACTERS

)

BEFORE | identifier-4
INITIAL e cee
AETER literal-2

Format 2:

INSPECT identifier-1 REPLACING
identifier-6 BEFORE identifier-7
CHARACTERS BY INITIAL
literal-4 AFTER literal-5
¢
ALL identifier-5 identifier-6
’ LEADING ' BY
FIRST literal-3 literal-y
-

- ~1)
. BEFQRE identifier-T7
INITIAL cee cee
AFIER literal-5
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Format 3:

INSPECT identifier-1 TALLYING

{ ALL tdentifier-3
, identifier-2 FQR ’ {me’_uﬁ } { literal-1 }
CHARACTERS

| BEFQRE identifier-4
’ INITIAL cea ‘e
AETER literal-2
BEPLACING
~
- - T ~ -
identifier-6 BEFQRE identifier-7
CHARACTERS BY {. INITIAL
literal-4 AFTER literal-5

ALL identifier-5 identifier-6
' LEADING ' BY
EIRST literal-3 literal-y

BEFQRE ildentifler-T
INITIAL
AFTER literal-5

Syntax Rules:

1. Identifier-1 must reference either a group item or any category of
elementary iten. described (either implicitly or explicitly) as USAGE
IS DISPLAY.

2. Identifier-3, ..., identifier-n must reference either an elementary
alphabetic, alphanumeric, or numeric item described (either implicitly
or explicitly) as USAGE IS DISPLAY.

3. Each literal must be nonnumeric and can be any figurative constant,
except ALL.
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Formats 1 and 3 Only:

1.

Identifier-2 must reference an elementary numeric data itenm.

2. If either 1literal-1 or 1literal-2 is a figu}ative constant, the

figurative constant refers to an implicit one~character data item.
Formats 2 and 3 Oply:

1. The size of the data referenced by literal-d4 or identifier-6 must be
equal to the size of the data referenced by literal-3 or identifier-5.
When a figurative constant 1is used as literal-l4, the size of the
figurative constant is equal to the size of literal-3 or the size of
the data item referenced by identifier-5.

2. When the CHARACTERS phrase is used, literal-4, literal-5, or the size
of the data item referenced by identifier-6, identifier-7 must be one
character in length.

3. When a figurative constant is used as literal-3, the data referenced

by literal-4 or identifier-6 must be one character in length.

General Rules:

1.

Inspection (which includes the comparison cycle, the establishment of
boundaries for the BEFQRE or AFTER phrase, and the mechanical tallying
and/or replacing) begins at the leftmost character position of the
data item referenced by identifier-1, regardless of its class, and
proceeds from left to right to the rightmost character position as
described in general rules 4 through 6.

For use in the INSPECT statement, the contents of the data item
referenced by identifier-1, identifier-3, identifier-4, identifier-5,
identifier-6, or identifier~7 will be treated as follows:

a. If any of identifier-1, identifier-3, identifier-4, identifier-5,
identifier-6, or identifier-T7 are described as alphanumeric, the
INSPECT statement treats the contents of each such identifier as
a character-string.

b. If any of identifier-1, identifier-3, identifier-4, identifier-5,
identifier-6, or identifier-7 are described as alphanumeric
edited; numeric edited, or unsigned numeric, the data item is
inspected as though it had been redefined as alphanumeric (see 2a
above) and the INSPECT statement had been written to reference
the redefined data item.

c. If any of identifier-1, identifier-3, identifier-4, identifier-5,
identifier-6, or identifier-7 are described as signed numeric,
the data item is inspected as though it had been moved to an
unsigned numeric data item of the same length and then the rules
in 2b above had been applied. (Refer to the MOVE statement.)
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3. In general rules 4 through 6, and the specific rules for Formats 1, 2,
and 3 which follow, all references to literal-1, literal-2, literal-3,
literal-4, and literal-5 apply equally to the contents of the data
item referenced by identifier-3, identifier-4, identifier-5,
identifier-6, and identifier-7, respectively.

4, During inspection of the contents of the data item referenced by
identifier-1, each properly matched occurrence of literal-1 is tallied
(Formats 1 and 3) and/or each properly matched occurrence of literal-3
is replaced by literal-4 (Formats 2 and 3).

5. The comparison operation to determine the occurrences of literal-1 to
be tallied and/or the occurrences of literal-3 to be replaced, occurs
as follows:

a. The operands of the TALLYING and REPLACING phrases are considered
in the order they are specified in the INSPECT statemen', from
left to right. The first literal-1, literal-3 is compar=1 to an
eaqual number of contiguous characters, starting with the leftmost
character position in the data item referenced by identifier-1,
Literal-1, literal-3 and that portion of the contents of the data
item referenced by identifier-1 match only if they are equal,
character for character.

b. If no match occurs in the comparison of the first 1literal-1,
literal-3, the comparison 1is repeated with each successive
literal-1, literal-3, if any, until either a match is found or
there 1is no next successive literal-1, literal-3. When there is
no next successive literal-1, literal-3, the character position
in the data item referenced by identifier-1 immediately to the
right of the leftmost character position considered in the last
comparison cycle is considered as the 1leftmost character
position, and the comparison cycle begins again with the first
literal-1, literal-3.

c. Whenever a match occurs, tallying and/or replacing takes vlace as
described in the specific rules for Formats 1 and 2. The
character position in the data item referenced by identifier-1
immediately to the right of the rightmost character position that
participated in the match is now considered to be the leftmost
character position of the data item referenced by identifier-1,
and the comparison cycle starts again with the first literal-1,
literal-3.

d. The comparison operation continues until the rightmost character
position of the data item referenced by identifier-! has
participated in a match or has been considered as the leftmost
character position. When this occurs, inspection is terminated.

e. If the CHARACTERS phrase is specified, an implied one-character

. operand participates in the cycle described in paragraphs 5a

through 5d above, except that no comparison to the contents of

the data item referenced by identifier-1 takes place. This

implied character is considered always to match the leftmost

character of the contents of the data item referenced by
identifier-1 participating in the current comparison cycle.
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The comparison operation defined in general rule 5 is affected by the
BEFORE and AFTER phrases as follows:

a.

If the BEFORE or AFTER phrase is not specified, literal-1,
literal-3, or the implied operand of the CHARACTERS phrase
participates in the comparison operation as described in general
rule 5. .

If the BEFORE phrase is specified, the associated literal-1,
literal-3, or the implied operand of the CHARACTERS phrase
participates only in certain comparison cycles, namely those
which involve that portion of the contents of the data itemn
referenced by identifier-1 from its leftmost character position
up to, but not including, the first occurrence of literal-2,
literal-5 within the contents of the data item referenced by
identifier-1. The position of this first occurrence is
determined before the first cycle of the comparison operation
described in general rule 5 is begun. If, on aay comparison
cycle, literal-1, literal-3, or the implied operand of the
CHARACTERS phrase is not eligible to participate, it is
considered not to match the contents of the data item referenced
by identifier-1. If there 1is no occurrence of literal-2,
literal-5 within the contents of the data item referenced by
identifier-1, its associated literal-1, literal-3, or the implied
operand of the CHARACTERS phrase participates in the comparison
operation as though the BEFORE phrase had not been specified.

If the AFTER phrase is specified, the associated literal-1,
literal-3, or the implied operand of the CHARACTERS phrase can
participate only in certain comparison cycles, namely those which
involve that portion of the contents of the data item referenced
by identifier-1 from the character position immediately to the
right of the rightmost character position of the first occurrence
of literal-2, literal-5 within the contents of the data item
referenced by identifier-1 and the rightmost character position
of the data item referenced by identifier-1, The position of
this first occurrence is determined before the first cycle of the
comparison operation described in general rule 5 is begun. If,
on any comparison cycle, literal-1, literal-3, or the implied
operand of the CHARACTERS phrase is not eligible to participate,
it is considered not to match the contents of the data item
referenced by identifier-1. If there 1is no occurrence of
literal-2, 1literal-5 within the contents of the data item
referenced by identifier-1, its associated literal-1, literal-3,
or the implied operand of the CHARACTERS phrase is never eligible
to participate in the comparison operation.
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The contents of the data item referenced by identifier-2 are not
initialized by the execution of the INSPECT statement.

The rules for tallying are as follows:

a.

If the ALL phrase is specified, the contents of the data item
referenced by identifier-2 are incremented by one for each
occurrence of literal-1 matched within the contents of the data
item referenced by identifier-1.

If the LEADING phrase is specified, the contents of the data item
referenced by identifier-2 are incremented by one for each
contiguous occurrence of literal-1 matched within the contents of
the data item referenced by identifier-1, provided the !eftmost
such occurrence 1is at the point where comparison be an in the
first comparison cycle in which 1literal-1 was eligible to
participate. ‘

If the CHARACTERS phrase is specified, the contents of the data
item referenced by identifier-2 are incremented by one for each
character matched, in the sense of general rule 5e, within the
contents of the data item referenced by identifier-1.

Overlapping operands are not permitted.

The required words ALL, LEADING, and FIRST are adjectives that apply
to each succeeding BY phrase until the next adjective appears.

The rules for replacement are as follows:

a.

When the CHARACTERS phrase is specified, each character matched,
in the sense of general rule 5e, in the contents of the data item
referenced by identifier-1, is replaced by literal-4.

When the adjective ALL is specified, each occurrence of literal-3
matched in the contents of the data item referenced by
identifier-1, is replaced by literal-l.

When the adjective LEADING 1is specified, each contiguous
occurrence of literal-3 matched in the contents of the data item
referenced by identifier-1 is replaced by literal-4, provided the
leftmost occurrence is at the point where comparison began in the
first comparison cycle in which 1literal-3 was eligible to
participate.

When the adjective FIRST is specified, the leftmost occurrence of
literal-3 matched within the contents of the data item referenced
by identifier-~1 is replaced by literal-l.
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INSPECT

1. A Format 3 INSPECT statement is interpreted and executed as though two
successive INSPECT statements specifying the same identifier-1 are
written. One of these Stateménts 1Is a TFormat 1 statement with

TALLYING phrases identical to those specified 1in the Format 3
statement, and the other statement is a Format 2 statement with

-

REPLACING phrases identical to those specified in the Format 3
statement. The general rules given for matching and tallying apply to
the Format 1 statement and the general rules given for matching and
replacing apply to the Format 2 statement.

Examples of INSPECT Statement:

Following are six examples of the INSPECT statement:

Example 1:

INSPECT word TALLYING count FOR LEADING "L" BEFORE INITIAL "A"™ count-1 FOR
LEADING "A" BEFORE INITIAL "L"®

Where word =
Where word =

Example 2:

INSPECT word
INITIAL "L"»

Where word
Where wvord
Where word

Example 3:
INSPECT word

Where word =
Where word =

Example 4:

INSPECT word
I!A“ BY "B"

Where word =
Where word
Where word

Example 5:
INSPECT word

"R'l

Where word
Where word
Where word

"LARGE, count = 1, count-1 =0
ANALYST, count =0, count-1 =1

TALLYING count FOR ALL "L" REPLACING LEADING "A"™ BY "E" AFTER %

CATTAD MAAT Y A D

o~ 2

CALLAR, count = 2, WOI'G = LnLuLAR
SALAMI, count = 1, word = SALEMI
LATTER, count = 1, word = LETTER

REPLACING ALL "A"™ BY "G" BEFORE INITIAL "X»

ARXAX, word = GRXAX
HAKRDAX, word = HGNDGX

TALLYING count FOR CHARACTERS AFTER INITIAL "J" REPLACING ALL

ADJECTIVE, coun
JACK, count = 3
JUJMAB, count =

t = 6, word = BDJECTIVE
, word = JBCK
5, word = JUJMBB

REPLACING ALL "X" BY "Yy", "B"™ BY "Z", "W®" BY "Q" AFTER INITIAL

RXXBQWY, word = RYYZQQY
YZACDWBR, word = YZACDWBR
RAWRXEB, word = RAQRYEZ
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Example 6:

INSPECT word REPLACING CHARACTERS BY "B"™ BEFORE INITIAL "A"

word before 1 2 X Z A B C
(o

D
word after BBBBBBBBBBBBBBBA B D
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MOYE STATEMENT
The MOVE statement transfers data, in accordance with the rules for
editing, to one or more data areas.
Format 1:
identifier-1
MQYE 10 identifier-2 [, identifier-3] ...
literal
Format 2
CORR : v
MOVE identifier-1 TQ identifier-2
CORRESPONDING

Syntax Rules:

1.

Identifier-1 and literal represent the sending area; identifier-.2,
identifier-3, ..., represent the receiving area.

CORR is an abbreviation for CORRESPONDING.
When the CORRESPONDING phrase is used, both identifiers must be group

d & mmn =
4 LTS .

An index data item cannot appear as an operand of a MOVE statement.

General Rules:

1.

If the CORRESPONDING phrase is specified, selected items within
identifier~1 are moved to selected items within identifier-2,
according to the rules given for the CORRESPONDING phrase in this
section. The results are the same as if the user refers to each pair
of corresponding identifiers in separate MOVE statements.

The data designated by the literal or identifier-1 is moved first to

identifier-2, then tc identifies =3y e o The rules referring to
identifier-2 also —apply to the other receiving areas. Any
subscripting or indexing associated with identifier-2, ..., is

evaluated immediately before the data is moved to the respective data
item,
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Any subscripting or indexing associated with identifier-1 is evaluated
only once, immediately before data is moved to the first of the
receiving operands. The result of the statement

MOVE a (b) TO b, ¢ (b)
is equivalent to:
MOVE a (b) TO temporary operand
MOVE temporary operand TO b
MOVE temporary operand TO c¢ (b)
Any MOVE in which the sending and receiving items are both elementary

items 1is an elementary move. Every elementary item belongs to one of
the following categories: numeric, alphabetic, alphanumeric, numeric

edited, alphanumeric edited. These categories are described in the
PICTURE clause. Numeric literals belong to the category numeric, and
nonnumeric literals belong to the category alphanumeric. The
figurative constant ZERO belongs to the «category numeric, The

figurative constant SPACE belongs to the category alphabetic. All
other figurative constants belong to the category alphanumeric.

The following rules apply to an elementary move between these
categories:

a. The figurative constant SPACE, a numeric edited, alphanumeric
edited, or alphabetic data item must not be moved to a numeric or
numeric edited data item.

b. A numeric literal, the figurative constant ZERO, a numeric data
item or a numeric edited data item must nol be moved to an
alphabetic data item.

c. A noninteger numeric literal or a noninteger numeric data item
must not be moved to an alphanumeric or alphanumeric edited data
item.

d. All other elementary moves are legal and are performed according

to the procedures given in general rule 4 below.

Any necessary conversion of data from one form of internal
representation to another takes place during legal elementary moves,
along with any editing specified for the receiving data item:

a. When an alphanumeric edited or alphanumeric item is a receiving
item, alignment and any necessary space-filling takes place as
defined under "Standard Alignment Rules" in Section II. If the

size of the sending item 1is greater than the size of the
receiving item, the excess characters are truncated on the right

after the receiving item is filled. If the sending item is
described as being signed numeric, the operational sign is not
moved; if the operational sign occupied a separate character

position (refer to the SIGN clause), that character is not moved
and the size of the sending item is considered to be one less
than its actual size (in terms of standard data format
characters).
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b. When a numeric or numeric edited item is the receiving item,
alignment by decimal point and any necessary zero-filling takes
place as defined under "Standard Alignment Rules," except where
Zeros are-replaced because of editing requirements.

0o When a signed numeric item is the receiving item, the sign
of the sending item is placed 1in the receiving item.
Conversion of the representation of the sign takes place as
necessary. If the sending item is unsigned, a positive sign
is gernerated for the receiving item.

o When an unsigned numeric item is the receiving item, tne
absolute value of the sending item is moved and no
operational sign is generated for the receiving item.

o] When a data item described as alphanumeric is the sending
item, data is moved as if the sending item were described as
an unsigned numeric integer.

c. When a receiving field is described as alphabetic, justification
and any necessary space-filling takes place as defined under
"Standard Alignment Rules." If the size of the sending item is
greater than the size of the receiving item, excess characters
are truncated on the right after the receiving item is filled.

Any MGVE that is not an elementary move is treated exactly as if it
were an alphanumeric-to-alphanumeric elementary move, except that
there is no conversion of data from one form cof internal
representation to another. In such a move, the receiving area is
filled without consideration for the individual elementary or group
items contained within either the sending or receiving area, except as
noted in general rule 4 of the OCCURS clause.

Table 7-3 summarizes the validity of the various types of MOVE

statements. The reference to a general rule indicates the rule that
either prohibits the move or describes the actions of a valid move.

Table 7-3. Valid Types of MOVE Statements

c .
Category of Numeric Integer
Sending Alphanumeric Edited Numeric Noninteger

Data Item Alphabetic Alphanumeric Numeric Edited

Alphabetic Valid/4e Valid/la Invalid/3a
Alphanumeric Valid/de Valid/la Valid/up
Alphanumeric Edited Valid/lc Valid/%a Invalid/3a

{ Integer Invalid/3b Valid/l4a Valid/4b
Numeric

Noninteger| Invalid/3b Invalid/3ec Valid/ib

Numeric Edited Invalid/3b Valid/4a Invalid/3a
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MULTIPLY STATEMENT

The MULTIPLY statement causes numeric data items to be multiplied and sets
the values of data items equal to the results.

Format 1:

identifier-1

MULTIPLY BY identirter-2 [ ROUNDED ]
literal-1 :

[ , identifier-3 [ RQ_[[HQE_D] ] e

[ ; ON SIZE ERRQR imperative-statement ]

Format 2:
[identit‘ier‘-1 [ dentirier-2 ] - -
MULTIPLY Bl J GIVING identifier-3 | BOUNDED |
literal-1 L literal-2

[, identifier-4 [muumm]]
[; ON SIZE ERROR imperative-statement]

Syntax Rules:

1. Each identifier must refer to a numeric elementary item, except that
in Format 2 each identifier following the word GIVING must refer to
either an elementary numeric item or an elementary numeric edited
item.

2. Each literal must be a numeric literal.
3. The composite of operands, which is that hypothetical data item
resulting from the superimposition of all receiving data items of a

given statement aligned on their decimal points, must not contain more
than 18 digits,
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General Rules:

1. When Format 1 is used, the value of identifier-1 or literal-1 is
nultiplied by the value of identifier-2. The value of the multiplier
(identifier-2) is replaced by this product. Similar action occurs for
identifier-1 or literal-1 and identifier-3, etec.

2. When Format 2 is used, the value of identifier-1 or literal-t is
multiplied by identifier-2 or literal-2, and the product is stored in
identifier-3, identifier-4, etc.

3. Refer to "Common Phrases in Statement Formats" earlier in this section
for an explanation of the uses of the ROUNDED and SIZE ERROR phrases
and arithmetic statements.
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The PERFORM statement is used to transfer control explicitly to one or more
procedures and to return control implicitly whenever execution of the specified
procedure is complete.

Format 1:

]

-
IHRU .

PERFORM procedure-name-1 procedure-name-2
| - THROQUGH

Format 2:

identifier-1
TIMES

integer-1

-

IHRU
PERFQRM procedure-name-1i procedure-name-2
|\ IHRQUGH i

Format 3:

-

IHRU
PEBFORM procedure-name-1 procedure-name-2 UNTIL condition-1
| L IHROUGH i

Format 4:

IHRU
PERFQRM procedure-name-1 {' procedure-name-2

IHROUGH
identifier-2 identifier-3
YARYING FROM § index-name-2
index-name-1 literal-1

{ identifier-

4
} UNTIL condition-1
literal-2
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identifier-5 identifier-56
AFTER FROM index~name-4
index-name-3 literal-3
identifier-7
BY UNTIL condition-2
literal-y
identifier-8 identifier-g
AFTER FROM index~name-6
index-name-5 literal-5
identifier-10
BY UNTIL condition-3
literal-6

Syntax Rules:

1. Each identifier represents a numeric elementary item described in the
Data Division. In Format 2, identifier-1 must be described as a
numeric integer.

2. Each literal represents a numeric literal.

y, If an index-name is specified in the VARYING or AFTER phrase, then:

1. The identifier in the associated FROM and BY phrases must be an
integer data item.

b. The literal in the associated FROM phrase must be a positive
integer.

c. The literal in the associated BY phrase must be a nonzero
integer.

5. If an index-name is specified in the FROM phrase, then:

a. The identifier in the associated VARYING or AFT=R phrase must he
an integer data item.

b. The identifier in the associated BY phrase must be an integer
data item.

c. The literal in the associated BY phrase must be an integer.

6. A literal in the BY phrase must not be zero.
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General

PERFORM

Condition-1, condition-2, condition-3 can be any conditional
expression as described under "Conditional Expressions" earlier in
this section.

Where procedure-name-1 and procedure-name-2 are both specified and
either is the name of a procedure in the declarative section of the
program, both must be procedure-names in the same declarative section.

Rules:

Data items referenced by identifier-4, identifier-7, and identifier-10
must not have a zero value.

If an index-name is specified in the VARYING or AFTER phrase, and an
identifier 1is specified in the associated FROM phrase, then the data
item referenced by the identifier must have a positive value.

when the PERFORM statement is executed, control is transferred to the
first statement of the procedure named procedure-name-1 (except as
indicated in general rules 6b, 6c, and 6d). This transfer of control
occurs only once for each execution of a PERFORM statement. For those
cases where a transfer of control to the named procedure does take
place, an implicit transfer of control to the next executable
statement following the PERFORM statement is established as follows:

a. If procedure-name-1 is a paragraph-name and procedure-name-2 1is
not specified, then the return is after the last statement of
procedure-name-1.

b. If procedure-name-1 is a section-name and procedure-name-2 is not
specified, then the return is after the last statement of the
last paragraph in procedure-name-1.

c. If procedure-name-2 is specified and it is a paragraph-name, then
the return is after the last statement of the paragraph.

d. If procedure-name-2 is specified and it is a section-name, then
the return is after the last statement of the last paragraph in
the section.

There is no necessary relationship between procedure-name-1 and
procedure-name-2 except that a consecutive sequence of operations is
to be executed beginning at the procedure named procedure-name-1 and
ending with the execution of the procedure named procedure-name-2. In
particular, GO TO and PERFORM statements can occur between
procedure-name~1 and the end of procedure-name-2. If there are two or
more logical paths to the return point, then procedure-name-2 can be
the name of a paragraph consisting of the EXIT statement, to which all
of these paths must lead.

If control passes to these procedures by means other than a PERFORM
statement, control will pass through the last statement of the
procedure to the next executable statement as if no PERFORM statement
mentioned these procedures.
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PERFORM statements operate as follows, with rule 5 above applying to
all formats:

Format 1 is the basiec PERFORM statement. A procedure referenced
by this type of PERFORM statement is executed once and then
control passes to the next executable statement following the
PERFORM statement.

Format 2 is the PERFORM...TIMES. The procedures are performed
the number of times specified by integer-! or by the initial
value of the data item referenced by identifier-i for that
execution, If, at the time of execution of a PERFORM statement,
the value of the data item referenced by identifier-1 is equal to
zero or is negative, control passes to the next executable
statement following the PERFORM statement. Following the
execution of the procedures the specified number of times,
control is transferred to the next executable statement following
the PERFORM statement.

During execution of tke PERFORM statement, references to
identifier-1 cannot alter the number of times the procedures are
to be executed from that indicated by the initial value of
identifier-1.

Format 3 is the PERFORM...UNTIL. The specified procedures are
performed until the condition specified by the UNTIL phrase is
true. When the condition is true, control is transferred to the
next executable statement after the PERFORM statement. If the
condition is true when the PERFORM statement is entered, no
transfer to procedure-name-1 takes place, and control is passed
to the next executable statement following the PERFORM statement.

Format 4 is the PERFORM...VARYING. This variation of the PERFORM
statement is used to augment the values referenced by one or more
identifiers or index-names in an orderly fashion during the
execution of a PERFORM statement. In the following discussion,
every reference to identifier as the object of the VARYING,
AFTER, and FROM (current value) phrases also refers to
index-names. When index-name appears in a VARYING and/or AFTER
phrase, it is initialized and subsequently augmented (as
described below) according to the rules of the SET statement.
When index-name appears in the FROM phrase, identifier, when it
appears in an associated VARYING or AFTER phrase, is initialized
according to the rules of the SET statement; subsequent
augmentation is as described in Figures 7-1, 7-2, and 7-3.

In Format 4, when one identifier is varied, id ntifier-2 is set
to the value of literal-1 or the current value of identifier-3 at
the point of initial execution of the PERFORM statement; then, if

s s f1 h - - E N R & M s m e e o R 2
the condition of the UNTIL ophrase is false, the seguence of

procedures, procedure-name-1 through procedure-name-2, is
executed once. The value of identifier-2 is augmented by the
specified increment or decrement value (the value of identifier-4
or literal-2), and condition-1 is evaluated again. The cycle
continues until this condition is true; at which point, control
is transferred to the next executable statement following the
PERFORM statement. If condition~1 is true at the beginning of

- execution of the PERFORM statement, control is transferred to the

next executable statement following the PERFORM statement,
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PERFORM

@iTRANCD

Set identifier-2 equal to
current FROM value

True
ondition- 44-4::::£>

Execute procedure-name-1
THRU procedure-name-2

Y

Augnment identifier-2 with
current BY value

Figure 7-1. Flowchart for the VARYING Phrase of a PERFORM
Statement Having One Condition

In Format 4, when two identifiers are varied, identifier-2 and
identifier-5 are set to the current value of identifier-3 and
identifier-6, respectively. After the identifiers have been set,
condition-1 is evaluated; if true, control is transferred to the
next executable statement; if false, condition-2 1is evaluated.
If condition-2 is false, procedure-name-1 through
procedure-name-2 is executed once, then identifier-5 is augmented
by identifier-7 or literal-4, and condition-2 is evaluated again.
This cycle of evaluation and augmentation continues wuntil this
condition is true. When condition-2 is true, identifier-5 is set
to the value of literal-3 or the current value of identifier-6,
identifier-2 is augmented by identifier-4%, and condition-1 is
reevaluated. The PERFORM statement is completed if condition-1
is true; if not, the cycles continue until condition-1 is true.

During the execution of the procedures associated with the
PERFORM statement, any changes to the VARYING variable
(identifier-2 and index-name-1), the BY variable (identifier-U),
the AFTER variable (identifier-5 and index-name-3), or the FROM
variable (identifier=-3 and index-name=-2) are taken into
consideration and affect the operation of the PERFORM statement.
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PERFORM

PERFORM
Set identifier-2 and identifier-5
to current FROM values
T D
True
Execute procedure-name-1 Set identifier-5 to its
THRU procedure-name-~2 current FROM value
Augment identifier-5 wWith Augment identifier-2 with
current BY value current BY value
T

Figure 7-2. Flowchart for the VARYING Phrase of a PERFORM
Statement Having Two Conditions

At the termination of the PERFORM statement, identifier-5
contains the current value of identifier-6. Identifier-2 has a
value that exceeds the 1last used setting by an increment or
decrement value, unless condition-1 was true when the PERFORM
statement was entered, in which case identitier-2 contains the
current value of identifier-~3.

When two identifiers are varied, identifier-5 goes through a
complete cycle (FROM, BY, UNTIL) each time identifier-2 is
varied.

For three identifiers the mechanism is the same as for two
identifiers except that identifier-8 goes through a complete
cycle each time that .identifier-5 is augmented by identifier-7 or
literal-4, which in turn goes through a complete cycle each time
identifier-2 is varied.
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PERFORM

ENTRANCD

Set
identifier-2, identifier-5,
and identifier-8
to current FROM values

PERFORM

True
»={ EXIT
True
onditifz;;/f
True
False
4 '
Execute Set Set
procedure-name-1 identifier-8 identifier-5
THRU procedure- to its current to its current
name-2 FROM value FROM value
Augment Augment Augment
identifier-8 identifier-5 identifier-2
with current with current with current
BY value BY value BY value

Figure 7-3. Flowchart for the VARYING Phrase of a PERFORM
Statement Having Three Conditions

After the completion of a Format 4 PERFORM statement,
identifier-5 and 1identifier-8 contain the current value of
identifier-6 and identifier-9, respectively. Identifier-2 has a
value that exceeds its last used setting by one increment or
decrement value, unless condition-1 1is true when the PERFORM
statement is entered, in which case identifier-2 contains the
current value of identifier-3.
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8.

PERFORM

If a sequence of statements referred to by a PERFORM statement
includes another PERFORM statement, the sequence of procedures
associated with the included PERFORM must itself either be totally
included in, or totally excluded from, the logical sequence referred
to by the first PERFORM. Thus, an active PERFORM statement, whose
execution point begins within the range of another active PERFORM
statement, must not allow control to pass to the exit of the other
active PERFORM statement; furthermore, two or more such active PERFORM
statements may not have a common exit. See the following
illustrations.

X PERFORM a THRU m x PERFORM a THRU m
a a
d PERFORM f THRU j d PERFORM f THRU j
f h
J— m
m f

j——

x PERFORM a THRU m

a

f

J
d PERFORM f THRU j

A PERFORM statement that appears in a section that is not 1in an
independent segment can have within its range, in addition to any
declarative sections whose execution is caused within that range, only
one of the following:

a. Sections and/or paragraphs wholly contained in one or more
nonindependent segments

D. Sections and/or paragraphs wholly contained in a single
independent segment

A PERFORM statement that appears in an independent segment can have
within 1its range, in addition to any declarative sections whose
execution is caused within that range, only one of the following:

a. Sections and/or paragraphs wholly contained in one or more
nonindependent segments

b. Sections and/or paragraphs wholly contained in the same
independent segment as that PERFORM statement
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The SET statement allows the user to modify the value of external switches.

General Format:
ON
SET { mnemonic-name-1 I_Q{ }}
‘{ )’ QFF

Syntax Rules:

1. Each mnemonic-name must be associated with an external-switch, the
status of which can be altered by the SWITCH-n phrase in the
SPECIAL-NAMES paragraph.

General Rules:

1. The status of each external-switch associated with the specified
mnemonic-name is modified such that the truth value resultant from the
evaluation of a condition-name associated with that switeh wiil
reflect an ON status if the ON phrase is specified, or an OFF status
if the OFF phrase is specified. (Refer to "Switch-Status Condition" in
this section.)
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STOP STOP

The STOP statement causes a permanent or temporary suspension of the
execution of the object program.

General Format:

{ literal

Syntax Rules:

1. The literal can be numeric or nonnumeric or can be any figurative
constant, except ALL.

2. If a STOP RUN statement appears in a consecutive sequence of
imperative statements within a sentence, it must appear as the last
statement in that sequence.

General Rules:

1. If the RUN phrase is used, the object program is brought to normal
termination.

2. If the STQP literal is specified the literal and the program-name are
communicated to the user's rerminal and a new level of the command
processor 1is established. The user can resume execution of the

program at the next executable statement by using the Multics start
command.

3. Refer to the the Multics COBOL Users® Guide for additional information
on the STOP statement.
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STRING

STRING STATEMENT

The STRING statement provides juxtaposition of the partial or complete
contents of two or more data items into a single data item.

General Format:

identifier-1 | [ , identifier-2 | identifier-3
STRING ... DELIMITED BY § literal-3
i SIZE

{ identifier-4 }
’ literal-}

INTQ identifier-7 [ WITH POINTER identifier-8 ]

literal-1 L. , literal-2

, identifier-5

R |

identifier-6
DELIMITED BY literal-6

, literal-5 . SIZE

[ ; ON QVERFLOW imperative-statement ]

Syntax Rules:

1.

Each literal can be any figurative constant without the optional word
ALL.

All literals must be described as nonnumeric literals, and all
identifiers, except identifier-8, must be described explicitly or
implicitly in the USAGE clause as DISPLAY.

Identifier-7 must represent an elementary alphanumeric data item
without editing symbols.

Identifier-8 must represent an elementary numeric integer data item of
sufficient size to contain a value equal to one greater than the size
of the area referenced by identifier-7. The symbol P may not be used
in the PICTURE character-string of identifier-8.

When identifier-1, identifier-2, or identifier-3 1is an elementary

numeric data item, it must be described as an integer without the
symbol P in its PICTURE character-string.

T=54 ASUy



STRING

STRING

Genéral Rules:

1.

All references to identifier-1, identifier-2, identifier-3, literal-1,
literal-2, and literal-3 apply equally to identifier-4, identifier-5,
identifier-5, literal-4, literal-5, and literal-6, respectively, and
all recursions thereof.

Identifier-1, literal-1, identifier-2, literal-2 represent the sending
items. 1Identifier-7 represents the receiving item. .

Literal-3, identifier-3 indicate the characters delimiting the move.
If the SIZE phrase is used, the complete data item defined by
identifier-1, literal-1, identifier-2, literal-2 is moved. When a
figurative constant is used as the delimiter, it stands for a
single-character nonnumeric literal.

When a figurative constant 1is specified as literal-1, 1literal-2,
literal-3, it refers to ap implicit one-character data item whose
usage 1s DISPLAY.

When the STRING statement is executed, the transfer of data is
governed by the following rules:

a. Those characters from literal-1, literal-2, or from the contents
of the data item referenced by identifier-1, identifier-2 are
transferred to the contents of identifier-7 in accordance with
the rules for alphanumeric-to-alphanumeric moves, except that no
space-filling is provided. (Refer to "MOVE Statement.")

b. If the DELIMITED BY phrase is specified without the SIZE phrase,
the contents of the data item referenced by identifier-1,
identifier-2 or the value of literal-1, literal-2 are transferred
to the receiving data item in the sequence speciflied in the
STRING statement beginning with the leftmost character and
continuing from left to right until the end of the data item is
reached, or until the characters specified by literal-3 or by the
contents of identifier-3 are encountered. The characters
specified by 1literal-3 or by the data item referenced by
identifier-3 are not transferred.

c. If the DELIMITED phrase is specified with the SIZE phrase, the
entire contents of 1literal-1, literal-2 or the contents of the
data 1item referenced by identifier-1, identifier-2 are
transferred, in the sequence specified in the STRING statement,
to the data item referenced by identifier-7 until all data is
transferred or the end of the data 1item referenced by
identifier-7 is reached.
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10.

11.
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STRING

If the POINTER phrase is specified, identifier-8 is explicitly
available to the wuser, who 1is responsible for setting its initial
value. The initial value must not be less than one.

If the POINTER phrase is not specified, the following general rules
apply as 1if the user specifies identifier-8 with an initial value of
one.

When characters are transferred to the data 1item referenced by
identifier-7, the moves react as though the characters are moved one
at a time from the source into the character position of the data item
referenced by identifier-7 designated by the value associated with
identifier-8, and identifier-8 is then increased by one prior to the
move of the next character. The value associated with identifier-8 is
changed during execution of the STRING statement only by the activity
specified above.

At the end of the execution of the STRING statement, only the portion
of the data item referenced by identifier-7 that was referenced during
the execution of the STRING statement is changed. All other portions
of the data item referenced by identifier-7 contain data that was
present before this execution of the STRING statement.

If at any point at or after initialization of the STRING statement,
but before execution of the STRING statement is completed, the value
associated with identifier-8 is either less than one or exceeds the
number of character positions in the data item referenced by
identifier-7, no further data 1is transferred to the data item
referenced by identifier-7, and the imperative statement in the ON
OVERFLOW phrase is executed, if specified.

If the ON OVERFLOW phrase 1is not specified when the conditions

described in general rule 10 above are encountered, control is
transferred to the next executable statement.
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SUBTRACT STATEMENT

The SUBTRACT statement is used to subtract one, or the sum of two or more,
numeric data items from one or more items, and set the values of one or more
items equal to the results.

Forpat 1:
literal-1 y literal-2
identifier-1 s 1ldentifier-2
EROM identifier-n [ ROUNDED ]

[, identifier-n [muunm] ]
[ ; ON SIZE ERROR imperative-statement ]
Format 2:

literal-1 y literal-2 literal-m

identifier-1 y identifier-2 identifier-m

GIVING identifier-n [mmn] [ , identifier-o [nguum] ]
[ ; ON SIZE ERBOR imperative-statement ]

Format 3:
CORR
SUBTEACT } identifier-1 FRQM identifier-2 [mummn]
CORRESPONDING
[ 7 ON SIZE ERROR imperative-statement ]
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SUBTRACT

SUBTRACT

Syntax Rules:

1.

Each identifier must refer to a numeric elementary item except that:

o] In Format 2, each identifier following the word GIVING must refer
to either an elementary numeric item or an elementary numeric
edited item.

o In Format 3, each identifier must refer to a group item.

Each literal must be a numeric literal.

The composite of operands must not contain more than 18 decimal
digits.

o In Format 1, the composite of operands is determined by using all
of the operands in a given statement.

o In Format 2, the composite of operands is determined by using all
of the operands in a given statement excluding the data items
that follow the word GIVING.

o In Format 3, the composite of operands is determined separately
for each pair of corresponding data items.

CORR is an abbreviation for CORRESPONDING.

General Rules:

In Format 1, all literals or identifiers preceding the word FROM are
added together, this total 1is subtracted from the current value of
identifier-m, and the result is stored immediately into identifier-m.
This process is repeated, respectively, for each operand following the
word FROM.

In Format 2, all literals or identifiers preceding the word FROM are
added together, the sum is subtracted from literal-m or identifier-m,
and the result of the subtraction is stored as the new value of
identifier-n, identifier-o, etc.

If Format 3 is used, data items in identifier-1 are subtracted from
and stored into corresponding data items in identifier-2.

For large operands, the compiler uses the temporary operand described
under "Arithmetic Statements" earlier in this section.

Refer to "Common Phrases in Statement Formats" earlier in this section

for uses of the ROUNDED, SIZE ERROR, and CORRESPONDING phrases and
multiple results.
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UNSTRING STATEMENT

The UNSTRING statement causes contiguous data in a sending field to be

separated and placed into multiple receiving fields,

General Format:

UNSTRING identifier-1

By [ALL] {1dentifier-2} OB [AL.L] {identif‘ier—?}}

INTO identifier-4 [, DELIMITER IN 1dent1f1er‘-5] [, COUNT IN 1dentifier—6]

literal-1 literal-2

[, identifier-7 [, DELIMITER IN identit‘ier-&] [, COUNT IN identif‘ier-Q]

[wrrﬂ POINTER 1dentifier-10] [uu.um IN identifier-ﬂ]

[:

ONlQIEBELQH imperative-statement ]

Syntax Rules:

1'

2.

Each literal must be a nonnumeric literal. 1In addition, each 1literal
can be any figurative constant without the optional word ALL,

Identifier-1, identifier-2, identifier-3, identifier-5, and

identifier-8 must each be described, explicitly or implicitly, as an
alphanumeric data item.

Identifier-4 and identifier-7 can be described as either alphabetic
(except that the symbol B may not be used in the PICTURE
character-string), alphanumeric, or numeric (except that the symbol P
cannot be useéd in the PICTURE character-string), and must be described
in the USAGE clause as DISPLAY.

Identifier-6, identifier-9, identifier-10, and identifier-11 must be
described as elementary numeric integer data items (gxcept that the
symhol P cannct be used in the FICTURE character-string).

An identifier must not name a level-number 88 entry.

The DELIMITER IN phrase and the COUNT IN phrase can be specified only
if the DELIMITED BY phrase is specified.
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UNSTRING

General

10.

11.

12.

UNSTRING

Rules:

All references to identifier-2, literal-1, identifier-4, identifier-5,
and identifier-6 apply equally to identifier-3, literal-2,
identifier-7, identifier-8, and identifier-9, respectively, and all
recursions thereof.

Identifier-1 represents the sending area.

Identifier-4 represents the data receiving area. Identifier-5
represents the receiving area for delimiters.

Literal-1 or the data item referenced by identifier-2 specifies a
delimiter.

Identifier-6 represents the count of the number of characters within
the data item referenced by identifier-1 isolated by the delimiters
for the move to identifier-4, This value does not include a count of
the delimiter characters.

The data item referenced by identifier-10 contains a value that
indicates a relative character position within the area defined by
identifier-1.

The data item referenced by identifier-11 is a counter that records
the number of data items acted upon during the execution of an
UNSTRING statement. ’

When a figurative constant is used as the delimiter, it stands for a
single-character nonnumeric literal.

When the ALL phrase is specified, one occurrence or two or more
contiguous occurrences of literal-1 (figurative constant or not) or
the contents of the data item referenced by identifier-2 are treated
as if it is only one occurrence, and this occurrence is moved to the
receiving data item according to general rule 13d.

When any examination encounters two contiguous delimiters, the current
receiving area is either space-filled or zero-filled according to the
description of the receiving area, except when Rule 8 (the ALL phrase)
applies.

Literal-1 or the contents of the data item referenced by identifier-2
can contain any character in the computers character set.

Each literal-1 or the data item referenced by identifier-2 represents
one delimiter. When a delimiter contains two or more characters, all
of the characters must be present in contiguous positions of the
sending 1item, and in the order given to be recognized as a delimiter.

When two or more delimiters are specified in the DELIMITED BY phrase,
an OR condition exists between them. Each delimiter is compared to
the sending field. 1If a match occurs, the characters in the sending
field are <considered to be a single delimiter. ©No characters in the
sending field can be considered a part of more than one delimiter.

Each delimiter is applied to the sending field in the sequence
specified in the UNSTRING statement.
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13.

UNSTRING

When the UNSTRING statement is initiated, the current receiving area
i1s the data item referenced by identifier-4. Data is transferred from

the

data item referenced by identifier-1 to the data item referenced

by identifier-4 according to the following rules:

a.

1f the POINTER phrase is specified, the string of characters
referenced by identifier-1 1is examined beginning with the
relative character position indicated by the contents of the data
item referenced by identifier-10. If the POINTER phrase is not
specified, the string of characters is examined beginning with
the leftmost character position.

If the DELIMITED BY phrase is specified, the examination proceeds
left to right until either 'a delimiter specified by the value of
literal-1 or the data 1item referenced by identifier-2 is
encountered. (Refer to general rule 11.) If the DELIMITED BY
phrase is not specified, the number of characters examined is
equal to the size of the current receiving area. However, if the
sign of the receiving item is defined as occupying a separate
character position, the number of characters examined is one less
than the size of the current receiving area.

If the end of the data item referenced by identifier-1 is
encountered before the delimiting condition is satisfied, the

_examination terminates with the last character examined.

The characters thus examined (excluding the delimiting
characters, 1if any) are treated as an elementary alphanumeric
data item, and are moved into the current receiving area
according to the rules for the MOVE statement.

If the DELIMITER IN phrase is specified,

elimi
characters are treated as an elementary alphanumeric data

m
and are moved into the data item referenced by identifier~5
according to the rules for the MOVE statement. If the delimiting
condition is the end of the data item referenced by identifier-1,
then the data item referenced by identifier-5 is space-filled.

“r
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If the COUNT IN phrase is specified, a value equal to the number
of characters thus examined (excluding the delimiter characters,
if any) 1is moved into the area referenced by identifier-6
according to the rules for an elementary move.

If the DELIMITED BY phrase is specified, the string of characters
is further examined beginning with the first character to the
right of the delimiter. If the DELIMITED BY phrase is not
specified, the string of characters is further examined beginning
with the character to the right of the 1last character
transferred.

After data 1is transferred to the data item referenced by
identifier-4, the current receiving area is the data item
referenced by identifier-7. The activity described in paragraphs
13b through 13f is repeated until either all the characters are
exhausted 1in the data item referenced by identifier-1 or until
there are no more receiving areas.
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19.
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The initialization of the contents of the data items assocliated with
the POINTER phrase or the TALLYING phrase is the responsibility of the
user.

The contents of the data item referenced by identifier-10 is
incremented by one for each character examined in the data item
referenced by identifier-1. When the execution of an UNSTRING
statement with a POINTER phrase is completed, the contents of the data
item referenced by identifier-10 contains a value equal to the initial
value plus the number of characters examined in the data item
referenced by identifier-1.

Wwhen the execution of an UNSTRING statement with a TALLYING phrase is
completed, the contents of the ‘data item referenced by identifier-11
contains a value equal to its initial value plus the number of data
receiving items acted upon.

Either of the following situations causes an overflow condition-

a. An UNSTRING statement is initiated, and the value 1in the data
item referenced by identifier-10 is less than one or greater than
the size of the data item referenced by identifier-1.

Avany

If, during the execution tatement, all data
receiving areas have been acted upon, and the data item
referenced by identifier-1 contains characters that have not been
examined.

of an UNSTRING st

cr

When an overflow condition exists, the UNSTRING operation is
terminated. If an ON OVERFLOW phrase has been specified, the
imperative statement included in the ON OVERFLOW phrase 1is executed.
If the ON OVERFLOW phrase is not specified, control is transferred to
the next executable statement.

The evaluation of subscripting and indexing for the identifiers is as
follows:

a. Any subscripting or indexing associated with identifier-1,
identifier-10, identifier-11 is evaluated only once, immediately
before any data is transferred as the result of the execution of
the UNSTRING statement.

b. Any subscripting or indexing assoclated with identifier-2,
identifier-3, identifier-4, identifier-5, identifier-6 is
evaluated immediately before the transfer of data 1into the
respective data item.
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SECTION VIII

TABLE HANDLING

N OF TAB G

The table handling feature provides a capability for defining tables of
contiguous data items and for accessing an item relative to its position in the
table.

Data items can be accessed in up to three-dimensional variable-length
tables. Additional facilities are provided for specifying ascending or
descending keys and for searching a dimension of a table for an item that
satisfies a specific condition.

Tables composed of contiguous data items are defined in COBOL by including
the OCCURS clause in their data description entries. This clause specifies that
the item is to be repeated as many times as stated. The item is considered to
be a table element, and its name and description apply to each repetition or
occurrence. Since each occurrence of a table element does not have a unique
data-name assigned to it, reference to a desired occurrence can be made only by
specifying the data-name of the table element together with the occurrence
number of the desired table element. Subscripting and indexing are the two
methods used to specify the occurrence number of a desired table element.

Iable Definition

To define a one-dimensional table, an OCCURS clause is used as part of the
data description of the table element, but the OCCURS clause must not appear in
the description of group items that contain the table element. Example 1 shows
a one-dimensional table.
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Example 1:

01 TABLE-1.
02 TABLE-ELEMENT OCCURS 20 TIMES.
03 NAME PIC X (15)
03 ADDRESS PIC X (25)

Defining a one-dimensional table within each occurrence of an element of
another one-dimensional table produces a two-dimensional table. To define a
two-dimensional table, therefore, an OCCURS <clause must appear in the data
descriptisn of the element of the table and in the description of only one group
item containing that table element. To define a three-dimensional table, the
OCCURS clause should appear in the data description of the element of the table
and in the description of two group items which contain the element. In COBOL,
tables of up to three dimensions are permitted. Example 2 shows a table that
has one dimension for CONTINENT-NAME, two dimensions for COUNTRY-NAME, and three
dimensions for CITY-NAME and CITY-POPULATION. The table includes 100,510 data
items: 10 for CONTINENT-NAME, 500 for COUNTRY-NAME, 50,000 for CITY-NAME, and
50,000 for CITY-POPULATION. Within the table there are 10 occurrences of
CONTINENT-NAME. Within each CONTINENT-NAME there are 50 occurrences of
COUNTRY-NAME, and within each COUNTRY-NAME there are 100 occurrences of
CITY-NAME and CITY-POPULATION.

Example 2:

01 CENSUS-TABLE.
05 CONTINENT-TABLE OCCURS 10 TIMES.
10 CONTINENT-NAME PIC XXXXXX.
10 COUNTRY-TABLE OCCURS 50 TIMES.
15 COUNTRY-NAME PIC XXXXXXXX.
15 CITY-TABLE OCCURS 100 TIMES.
20 CITY-NAME PIC XXXXXXXXXX.
20 CITY-POPULATION PIC 999999999999.

Refer to Table It

Whenever the user refers to a table element, the reference must indicate
which occurrence of the element is intended. For access to a one-dimensional
table, the occurrence number of the desired element provides complete
information. For access to tables of more than one dimension, an occurrence
number must be supplied for each dimension of the table accessed. In Example 2
then, a reference to the fourth CONTINENT-NAME would be complete, whereas a
reference to the fourth COUNTRY-NAME would not. To refer to COUNTRY-NAME, which
is an element of a two-dimensional table, the user must refer to the fourth
COUNTRY-NAME within the sixth CONTINENT-TABLE.
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One method by which occurrence numbers can be specified is to append one or
more subscripts to the data-name. A subscript is an integer whose value
specifies the occurrence number of an element. The subshglpt can be represented
either by a 1literal that is an integer or by a data-name that is defined
elsewhere as a numeric elementary item with no character positions to the right
of the assumed decimal point. In either case, the subscript, enclosed in
parentheses, is written immediately following the name of the table element. A
table reference must include as many subscripts as there are dimensions in the
table whose element is being referenced; i.e., there must be a subscript for
each OCCURS clause in the hierarchy containing the data-name, including the
data-name itseif. 1In Example 2, references to CONTINENT-NAME require only one

subscript, references to COUNTRY-NAME require two, and references to CITY-NAME
and CITY-POPULATION require three.

When more than one subscript is required, they are written in order of
successively less inclusive dimensions of the data organization. When a
data-name is used as a subscript, it can be used to refer to items in many
different tables. These tables need not have elements of the same size. The
data-name can also appear as the only subscript with one item and as one of two
or three subscripts with another item. Also, it is permissible to mix literal

and data-name subscripts; e.g., CITY-POPULATION(10, NEWKEY, 42). Subscripts may
be written as follows:

(1a2)

(a142) (1a24)

(1,4 2) .

(A1, A2A)

(1,A24)

(A1,A2)

NOTE: A comma used as a separator must be followed by a space.

Another method of referring to items in a table is indexing. To use this
technique, one or more index-names are assigned to an item whose data
description contains an OCCURS clause. There is no separate entry to describe
the index-name, since its definition is completely hardware-oriented, and it is
not considered data per se. At object program execution, the contents of the
index-name correspond to an occurrence number for that specific dimension of the
table to which the index-name is assigned. The initial value of an index-name
at object program execution is not determinable, and the index-name must be
initialized by the SET statement before use.

When a reference 1is made to a table element or to an item within a table
element, and the name of the item is followed by its related index-name or names
in parentheses, then each occurrence number required to complete the reference
is obtained from the respective index-name. The index-name thus acts as a
subscript whose value is used in any table reference that specifies indexing.
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When a reference requires more than one occurrence number for completeness,
a data-name subscript must not be used to indicate one occurrence number and an
index-name to indicate another. Therefore, 1if indexing is to be used, each
OCCURS clause within the hierarchy (each dimension of the table) must contain an
INDEXED BY phrase. However, literals and index-names can be mixed within one
reference, just as literals and data-name subscripts are mixed.

Table Searching

Data that has been arranged in the form of a table is often searched. In
COBOL, the SEARCH statement, through its two options, provides facilities for
producing serial and nonserial, e.g., binary, searches. When the SEARCH
statement is used, an associated index-name or data-name can be varied. This
statement also provides for the execution of imperative statements when certain
conditions are true.
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OCCURS ' OCCURS

DATA DIVISION FOR

QCCURS Clause

The OCCURS clause eliminates the need for separate entries for repeated
data items and supplies information required for the application of subscripts
or indexes.

Format 1:

QCCURS integer-2 TIMES

ASCENDING -
KEY IS data-name-2 [ ’ data-name-3‘j oo e
DESCENDING

[_I_N_QE_X_E_Q BY index~name-1 [ ’ index-name-zl cae ]
Format 2:
QCCURS integer-1 IQ integer-2 TIMES DEPENDING ON data-name-1
ASCENDING
KEY is data-name-2 [ ' data-name-3] see cee
DESCENDING

[I.EDB.KE.D BY index-name-1 [ ’ 1ndex-nameo2] cee ]

Syntax Rules:
1. When both integer-1 and integer-2 are used (Format 2), the value of
integer-1 must be less than the value of integer-2.
NOTE: Integer-1 can be zero.

2. The data description of data-name-1 must describe a positive integer.

3. Data~name-1, data-name-2, data-name-3, ... can be qualified.
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OCCURS

Data-name-2 must be either the name of the entry containing the OCCURS
clause or the name of an entry subordinate to the entry containing the
OCCURS clause.

When used, data-name-3, etc., must be the name of an entry subordinate
to the group item that is the subject of this data description entry.

An INDEXED BY phrase is required if the subject of this entry, or an
entry subordinate to this entry, is to be referred to by indexing.
The index-name identified by this clause is not defined elsewhere
since its allocation and format are dependent on the hardware and, not
being data, cannot be associated with any data hierarchy.

A data description entry that contains Format 2 of the OCCURS clause
can be followed, within that record description, only by data
description entries that are subordinate to it.

The OCCURS clause must not be specified in a data description entry
that:

a. Has a 01, 66, 77, or 88 level-number.

b. Describes an item whose size is variable. The size of an item is
variable, 1if the data description of any subordinate item
contains Format 2 of the OCCURS clause.

In Format 2, the data item defined by data-name-1 must not occupy a
character position within ~the range of the first character position
defined by the data description entry containing the OCCURS clause and
the last character position defined by the record description entry
containing that OCCURS clause.

If data-name-2 is not the subject of this entry, then:

a. All items identified by the data-names in the KEY IS phrase must
be within the group item that is the subject of this entry.

b. Items identified by the data-name in the KEY IS phrase must not
contain an OCCURS clause.

c. There must be no entry that contains an OCCURS clause between the
items identified by the data-names in the KEY IS phrase and the
subject of this entry.

Index-name-1, index-name-2, ..., must be unique words within the
program.
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OCCURS

General

1.

OCCURS

Rules:

The OCCURS clause is used in defining tables and other homogeneous
sets of repeated data items. Whenever this clause is used, the
data-name that is the subject of this data description entry must be
either subscripted or indexed, whenever it is referred to in a
statement other than SEARCH. 1In addition, if the subject of this
entry is the name of a group item, all data-names belonging to the
group must be subscripted or indexed, whenever they are used as
operands, except as the object of a REDEFINES clause.

Except for the OCCURS clause "itself, all data description entry
clauses associated with an item whose description includes an OCCURS
clause apply to each occurrence of the item described. (Refer to
"VALUE Clause" in Section VI.)

The number of occurrences of the subject entry is defined as follows:

a. In Format 1, the value of integer-2 represents the exact number
of occurrences.

b. In Format 2, the current value of the data item referenceq by
data-name-1 represents the number of occurrences.

Format 2 specifies that the subject of this entry has a variable
number of occurrences. The value of integer-2 represents the maximum
number of occurrences, and the value of integer-1 represents the
minimum number of occurrences. This does not imply that the length of
the subject of the entry is variable, but that the number of
occurrences is variable.

The value of the data item referenced by data-name-1 must fall within
the range integer-1 through integer-2. Reducing the value of the data
item referenced by data-name-1 makes the contents of data items, whose
occurrence numbers now exceed the value of the data item referenced by
data-name-1, unpredictable.

When a referenced group item has an entry subordinate to it that
specifies Format 2 of the OCCURS clause, only that part of the table
area that is specified by the value of data-name-1 will be used in the
operation.

The KEY IS phrase is used to indicate that the repeated data is
arranged in ascending or descending order according to the values
contained in data-name-2, data-name-3, ete. The ascending or
descending order is determined according to the rules for comparison
of operands. (Refer to Comparison of Numeric and Nonnumeric Operands
under "Relation Conditions™ in Section VII.) The data-names are
listed 1in their descending order of significance, from most
significant to least significant.
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USAGE

USAGE Clause

The USAGE clause specifies the format of a data item in memory.

General Format:

[usace 1s] rmpex

Syntax Rules:

1.

General

1.

An index data item can be referenced explicitly only in a SEARCH or
SET statement, a relation condition, the USING phrase of a Procedure
Division header, or the USING phrase of a CALL statement.

The BLANK WHEN ZERO, JUSTIFIED, PICTURE, SYNCHRONIZED, and VALUE
clauses cannot be used to describe group or elementary items described
with the USAGE IS INDEX clause.

Rules:
The USAGE clause can be written at any level. If the USAGE clause is
written at a group level, it applies to each elementary item in the
group. The USAGE clause of an elementary item cannot contradict the
USAGE clause of a group to which the item belongs.
An elementary item described with the USAGE IS INDEX clause is called
an index data 1item and contains a value that must correspond to an
occurrence number of a table element. The elementary item cannot be a
conditional variable. If a group item 1s described with the USAGE IS
INDEX clause, the elementary 1items in the group are all index data
items. The group itself is not an index data item and cannot be used
in the SEARCH or SET statements or in a relation condition.
An index data item can be part of a group that is referred to in a
MOVE or input/output statement, in which case no conversion will take
place.
The USAGE IS INDEX clause indicates that the data 1item contains two
values that point to a particular element within a table. The two
values are the occurrence index (occurrence number times the size of
each occurrence) and the occurrence number. Index data items are
represented by six bytes (nine-bit bytes with bit C of each byte
unused). The first four bytes contain, in binary form, the occurrence
index, and the last two bytes contain, in binary form, the occurrence
number.
Refer to "Data Allocation Rules" in Section II.
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PROCEDURE DIVISION FOR TABLE HANDLING

Relatjon Condition

Relation tests can be made between:

i. Two index-names. The result is the same as if the corresponding
occurrence numbers were compared.

2. An index-name and a data item (other than an index data item) or
literal. The occurrence number that corresponds to the value of the
index-name is compared to the data item or literal.

3. An index data item and an index-name or another index data item. The

actual values are compared without conversion.

The result of the comparison of an index data item with any data item or
literal not specified above will result in a compile time fatal diagnostic.

Qverlapping Operands

When a sending and a receiving item in a SET statement share a part of
their storage areas, the result of the execution of such a statement is
undefined.
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SEARCH SEARCH

SEARCH Statement

The SEARCH statement is used to search a table for a table element

that

satisfies the specified condition and to adjust the associated index-name to

indicate that table element.
Format 1:

identifier-2
SEARCH identifier-1 YARYING -
index-name-1
[ ; AT END imperative-statement-1 ]

; WHEN condition-1 '{
NEXT SENTENCE

imperative-statement-2 }
‘r imperative-statement-3 ]

; WHEN condition-2 l
NEXT SENTENCE
Format 2:

SEARCH ALL identifier-t [ ; AT END imperative-statement-1 ]

IS EQUAL TO identifier-3
data-name-1 EQUALS literal-1
IS =

arithmetic-expression-1

condition-name-1

Is EQQAL TO identifier-4
data-name-2 literal-2

arithmetic-expression-2

AND

condition-name-2

{ imperative-statement-2 }
NEXT SENTENCE

NOTE: The required relational character = is not underlined to a
confusion with other symbols.

void
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SEARCH

Syntax

1.

SEARCH

Rules:

In both Formats 1 and 2, identifier-1 must not be subscripted or
indexed, but its description must contain an OCCURS clause and an
INDEXED BY phrase. The description of identifier-1 in Format 2 must
also contain the KEY IS phrase in its OCCURS clause.

When specified, identifier-2 must be described as USAGE IS INDEX or as
a numeric elementary item with no positions to the right of the
assumed decimal point.

In Format 1, condition-1, condition-2, etc., may be any condition as
described under "Conditional Expressions" in Section VII.

In Format 2, all referenced condition-names must be defined as having

only a single value. The data-name associated with a condition-name
must appear in the KEY phrase of identifier-1. Each data-name-1,
data-name-2 may be qualified. Each data-name-1, data-name-2 must be
indexed by the first index-name associated with identifier-1 along
with other indexes or literals as required, and must be referenced in
the KEY phrase of identifier-1. Identifier-3, identifier-4, or
identifiers specified in arithmetic-expression-1,
arithmetic-expression-2 must not be referenced in the KEY phrase of
identifier-1 or be indexed by the first index-name associated with
identifier-1.

In Format 2, when a data-name in the KEY phrase of identifier-1 is
referenced, or when a condition-name associated with a data-name in
the KEY phrase of identifier-1 is referenced, all preceding data-names
in the KEY phrase of identifier-1 or their associated condition-names
must also be referenced.
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SEARCH

SEARCH

General Rules:

1.

If Format 1 of the SEARCH statement is used, a serial type of search
operation takes place, starting with the current index setting.

a. At the start of execution of the SEARCH statement, 1if the
index-name associated with identifier-1 contains a value that
corresponds to an occurrence number that is greater than the
highest permissible occurrence number for  identifier-1, the
SEARCH is terminated immediately. The number of occurrences of
identifier-1, the 1last of which is the highest permissible, is
discussed in the OCCURS clause. Then, if the AT END phrase is
specified, imperative-statement-1 is executed; 1if the AT END
phrase is not specified, control passes to the next executable
sentence.

b. At the start of execution of the SEARCH statement, :f the
index-name associated with identifier-1 contains a value that
corresponds to an occurrence number that is not greater than the
highest permissible occurrence number for identifier-1, the
SEARCH statement operates by evaluating the conditions 1in the
order that they are written, making use of the index settings,
wherever specified, to determine the occurrence of those items to
be tested. If none of the conditions are satisfied, the
index-name for identifier-1 is incremented to obtain reference to
the next occurrence. The process is then repeated using the new
index-name settings wunless the new value of the index-name
settings for identifier-1 corresponds to a table element outside
the permissible range of occurrence values, in which case the
search terminates as indicated in a. above. If one of the
conditions is satisfied upon its evaluation, the search
terminates immediately, and the imperative statement associated
with that condition is executed; the index-name remains set at
the occurrence that caused the condition to be satisfied.

In Format 2, the results of the SEARCH ALL operation are predictable
only when:

a. The data in the table is ordered in the same manner as described
in the ASCENDING/DESCENDING KEY phrase associated with the
description of identifier-1, and

b. The contents of the keys referenced in the WHEN phrase are
sufficient to identify a unique table element.

If Format 2 of SEARCH is used, the initial setting of the index-name
for identifier-1 1is ignored, and a binary search operation takes
place. If any conditions specified in the WHEN phrase cannot be
satisfied for any setting of the index within the permitted range,
control is passed to imperative-statement-1 of the AT END phrase, when
specified, or to the next executable sentence when this phrase is not
specified; in either case the final setting of the index is not
predictable. If all conditions can be satisfied, the index indicates
an occurrence that allows the conditions to be satisfied, and control
passes to imperative-statement-2.
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SEARCH

SEARCH

After execution of imperative-statement-1, imperative-statement-2, or
imperative~statement-3 that does not terminate with a GO0 TO statement,
control passes to the next executable sentence.

In Format 2, the index-name used for the seareh operation is the first
(or only) index-name that appears in the INDEXED BY phrase of
identifier-1. Any other index-names for identifier-1 rernain
unchanged.

In Format 1, if the VARYING phrase is not used, the index-name that is
used for the search operation is the first (or only) index-name that
appears in the INDEXED BY phrase of identifier-1. Any other
index-names for identifier-1 remain unchanged.

In Format 1, if the VARYING index-name-1 phrase is specified, and if
index-name-1 appears in the INDEXED BY phrase of identifier-1, that
index-name is used for this search. If this is not the case, or if
the VARYING identifier-2 phrase is specified, the first (or only)
index-name given in the INDEXED BY phrase of identifier-1 is used for
the search. 1In addition, the following operations occur:

a. If the VARYING index-name-1 phrase is used, and if index-name-1
appears in the INDEXED BY phrase of another table entry, the
occurrence number represented by index-name-1 is incremented by
the same amount as, and at the same time as, the occurrence
number represented by the index-name associated with identifier-1
is incremented.

b. If the VARYING identifier-2 phrase is specified, and identifier-2
is an index data item, then the data item referenced by

identifier-2 1is incremented by the same amount as, and at the
same time as; the index associated with identifier-1 is
incremented. If identifier-2 is not an index data item, the data
item referenced by identifier-2 is incremented by the value one
(1) at the same time as the index referenced by the index-name

associated with identifier-1 is incremented.

If identifier-1 is a data item subordinate to a data item that
contains an OCCURS clause (providing for a two- or three-dimensional
table), an index-name must be associated with each dimension of the
table through the INDEXED BY phrase of the OCCURS clause. Only the
setting of the index-name associated with identifier-1 (and the data
item identifier-2 or index-name-1, if present) is modified by the
execution of the SEARCH statement. To search an entire two- or
three-dimensional table, it is necessary to execute a SEARCH statement
several times. Prior to each execution of a SEARCH statement, SET
statements must be executed whenever index-names must be adjusted to
appropriate settings.

A flowchart of the Format 1 SEARCH operation containing two WHEN
phrases appears in Figure 8-1,
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SEARCH

ndex setting:
highest permissible

AT END!

SEARCH

imperative-

occurrence number

True

statement-1

condition-

ondition-

True

—#={ {mperative-

statement-2 [ 2

Increment
index-name for
identifier-1
(index-name-1
if applicable)

[

Increment
index-name-1 (for
a different table)
or identifier-2

Figure 8-1.

- imperative-
statement-3

Flowchart of Format 1 SEARCH Operation

TThese operations are options included only when specified in the

SEARCH statement.

2Each of these control transfers is to the next executable sentence unless
the imperative statement ends with a GO TO statement.
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SET SET

ET S m

The SET statement establishes reference points for ‘table handling
operations by setting index-names associated with table elements.

Format

1:
index-name-1 [ ; index-name-2 ] o index-name-3
SET T0 identifier-3

identirier-1 [, 1dent1r1e:§-2] ) integer-1
Format 2:
g UP BY identifier-y
SET index-name-}§ [ , index-name-5 ] e
DOWN BY integer-2

Syntax Ryles:

1. All references to index-name-1, identifier-1, and index-name-4 apply
equally to index-name-2, identifier-2, and index-name-5, respectively.

2. Identifier-1 and identifiér-3 must name either index data items or
elementary items described as an integer.

3. Identifier-4 must be described as an elementary numeric integer.

General Rules:

1. Index-names are considered related to a given table and are defined by
being specified in the INDEXED BY phrase.

2. If index-name-3 is specified, the value of the 1index before the
execution of the SET statement must correspond to an occurrence number
of an element in the associated table.

If index-name-4, index-name-5 is specified, the value of the index
both before and after the execution of the SET statement must
correspond to an occurrence number of an element in the associated
table. If index-name-1, index-name-2 is specified, the value of the
index after the execution of the SET statement must correspond to an
occurrence number of an element in the associated table. In either
case, if an attempt 1is made to set an index-name to an occurrence
number not in the range of 1its associated table a run-time error
occurs and control 1is returned to command level. The value of the
index assoclated with an index-name after the execution of a SEARCH or
PERFORM statement may be undefined.
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In Format 1, the following action occurs:

a. Index-name-1 is set to a value causing it to refer to the table

element that corresponds

in

occurrence

number to the table

element referenced by index-name-3, identifier-3, or integer-1.

If identifier-3 1is an 1index

data item, or if index-name-3 is

related to the same table as index-name-1, no conversion takes

place.

b. If identifier-1 is an index data item, it may be set equal to

either the contents of

index-name-3

or identifier-3, where

identifier-3 is also an index data item; no conversion takes

place in either case.

c. If identifier-1 is not an index data item, it may be set only
corresponds to the value of

an occurrence number

that

to

index~name~3. Neither identifier-3 nor integer-1 can be used in
this case.

d. The process is repeated for index-name-2, identifier-2, etc., if
specified. Each time, the value of index-name-3 or identifier-3

is used as it was at the

beginning of

the execution of the

statement. Any subscripting or indexing associated with

identifier-1, etc., is evaluated immediately before the value

the respective data item is changed.

of

In Format 2, the contents of index-name-U4 are incremented (UP BY) or
decremented (DOWN BY) by a value that corresponds to the number of
occurrences represented by the value of integer-2 or identifier-4;
thereafter, the process is repeated for index-name-5, etc. Each time,
the value of 1identifier-4 is used as it was at the beginning of the

execution of the statement.

Data in Table 8-1 represents

combinations in the SET statement.

the validity of various operand

the applicable foregoing general rule.

Each numeric reference indicates

Table 8-1. Operand Combinations in SET Statement

Sending Item Receiving Item
Int r Data em Index-Name Index Data Item

Integer Literal Invalid/3c Valid/3a Invalid/3b
Integer Data Item Invalid/3c Valid/3a Invalid/3b

Index-Name Valid/3c Valid/3a Valid/3b
(See Note.)

Index Data Item Invalid/3c Valid/3a Valid/3b
(See Note. (See Note.)

NCTE: No conversion takes place.
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SECTION IX

FILE INPUT/OUTPUT

DESCRIPTIQN OF FILE INPUT/QUTPUT

File input/output provides the capability for transferring data from an
external recording device into computer memory (input) or from memory to an
external recording device (output) with a minimum of concern for the physical
characteristics of the recording device or the processes required to complete
the transfer.

0 r at

Sequential files are organized such that each record in the file except the
first has a2 unique predecessor record, and each record except the 1last has a
unique successor record. fhese predecessor-successor relationships are
established by the order of WRITE statements when the file is created. Once
established, the predecessor-successor relationships do not change except in the
case where records are added to the end of the file.

Stream organization is a form of sequential organization. A stream file is
unstructured. Each record on the file is terminated by a2 new line character.

Relative file organization is permitted only on files in the virtual memory
file stream. A relative file consists of records identified by relative record
numbers. The file can be thought of as composed of a serial string of areas,
each capable of holding a logical record. Each of these areas is denominated by
a relative record number. Records are stored and retrieved based on this
number. For example, the tenth record is the one addressed by relative record
number 10 and 1is 1in the tenth record area, whether or not records have been
written in the first through the ninth record areas.

A file whose organization is indexed is a file in the virtual memory file
system in which data records can be accessed by the value of a key associated
with an index. The index provides a logical path to the dat: records according
to the contents of a data item within each record, which is the record key.

The data item named in the RECORD KEY clause of the file control entry for
a file is the record key for that file. For the purposes of inserting,
updating, and deleting records in a file, each record is identified solely by
the value of its record key. This value must, therefore, be unique and must not
be changed when updating the record.
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Access Modes

In the sequential access mode, records are accessed in the sequence in
which the records were originally written (if organization is sequential or
stream), the ascending order of the relative record numbers of all records
within the file (if organization is relative), or the ascending order of the
record key values (if organization is indexed).

In the random access mode, records are accessed in the sequence controlled
by the user. The desired record is accessed by placing its relative record
number in a relative key data item (if organization is relative), or by placing
the value of its record key in a record key data item (if organization is
indexed). Random access is not allowed with sequential or stream organization.

In the dynamic access mode, the user can alternate from sequential access
to random access using appropriate forms of 1input/output statements. Dynamic
access is not allowed with sequential or stream organization.

C e Record Point

The current record pointer is a conceptual entity used in this manual to
facilitate specification of the next record to be accessed within a given file.
The concept of the current record pointer has no meaning for a file opened in
the output mode. The setting of the current record pointer is affected only by
the OPEN, READ, and START statements.

The description of any file (in the Environment Division SELECT clause) in
the source program can contain the optional clause:

FILE STATUS IS data-name-1 [?ata-name-é]

If the FILE STATUS clause is specified in a file control entry, a value is
placed into the specified two-character data item during the execution of a
CLOSE, DELETE, OPEN, READ, REWRITE, START, or WRITE statement and before any
applicable USE procedure {s executed, ¢to indicate to the COBOL program the
status of that input/output operation.
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STATUS KEY 1

The leftmost character position of data-name-1 is known as status key 1 and

is set

to 1indicate one of the following conditions upon completion of the

input/output operation:

!O!

l"l

‘2!

- Successful Completicn. The input/ocutput statement was successfully
executed.

- At End. The sequential READ statement was unsuccessfully executed
either as a result of an attempt to read a record when no next
logical record exists in the file or as a result of the first READ
Statement being executed for a file described with the OPTIONAL
clause ard that file was not available to the program at the time
its associated OPEN statement was executed.

- Invalid Key. The input/output statement was unsuccessfully executed
because of one of the following conditions:

(o Sequence error

o Duplicate key

o No record found

o Boundary violation

- Permanent Error. The 1input/output statement was unsuccessfully
executed because of conditions such as:

0 File does not exist

o] Read to an unopened file

STATUS KEY 2

The

rightmost character position of data-name-1 is known as status key 2

and is used to further describe the results of the input/output operation., This
character position contains a value as indicated below:

If no further information is available concerning the input/output
operation, status key 2 contains a value of '0O'.

When status key 1 contains a value of '2' (indicating an INVALID KEY
condition), status key 2 designates the cause of that condition:

o A value of '1' in status key 2 indicates a sequence error for a
sequentially accessed indexed file. The ascending sequence
requirements of successive record key values have been violated
(refer to the WRITE statement), or the record key value has been
changed by the COBUL program between the successful execution of
a READ statement and the execution of the next REWRITE statement
for that file.

o A value of '2' in status keyv2 indicates a duplicate key value.
An attempt has been made to write or rewrite a record that
creates a duplicate key in a relative or indexed file.

o A value of '3' in status key 2 indicates that no record was

found. An attempt has been made to access a record, identified
by a key, and that record does not exist in the file.

9-3 ASuy



STATUS KEY 3

Status key 3 is a MH4-digit numeric data item. Its value

is moved to

data-name-2 following the rules of the MOVE statement. Table 9-1 indicates the

values of status key 3.
Status key 3 has the format wxyz, where:
wx describes the operation
yz describes the cause of the error
ACTIONS FOLLOWING INPUT/QUTPUT STATEMENT EXECUTION

The following actions take place after any input/output
executed (successful or not successful).

1. Appropriate values are set in status key 1, status key

statement 1is

and status

key 3. (These all have zero values for a successful execution.) See

Table 9-2 for the values.

2. If status key 1 is zero, processing continues in line
program.

9-4
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Table 9-1. Values of Status Key 3

w = COBOL I/0 verb in which the error occurred.
1 OPER
2 CLOSE
3 READ
L WRITE
5 REWRITE
6 START
T DELETE
8,9,0 undefined
x = Multics I/0 system subroutine that discovered the error.
0 none
1 iox_$find_ioecb
2 iox_$attach or iox_s$open
3 iox_$detach or iox_$close
4 iox_$read_record, iox_$write_record,
iox_¢$rewrite_record, or iox_$delete_record
5 iox_¢$get_line, iox_$get_chars, or iox_$put_chars
6 iox_¢$seek_key or iox_$position
7 iox_$control or iox_$modes
8 iox_$read_key or iox_$read_length
9 undefined
y = General category of the cause of the error.
0 successful completion
1 at end of file
2 invalid key
3 permanent error
9 unable to make file available
z = Spec%fic cause of the error. This depends on the value of y.
Possible combinations of yz are:
00 no error
01 short record
10 at end of file
21 invalid key - sequence error
22 invalid key -~ duplicate
23 invalid key - record not found
24 invalid key - new key is not equal to the old key
30 unspecified error
31 file not open
32 invalid operation for current open mode
33 previous 1/0 operation was not READ
34 new record length is not equal to the old record length
35 long record
36 file already open or already closed
90 cannot make file available
91 file 1s busy
92 format error in file
93 cannot attach or detach the I/0 switch
94 attach and open modes are incompatible
95 file does not exist
97 label error

9-5
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Tasole )=2.

Possible Values of Status Keys 1, 2, and 3 Returned
by Multics COBOL

~Status

Status Keys

Key 3 1 and 2 Explanation

0000 00 No error - 1/0 operation successfully completed.

1032 30 Attempt to open external file already open in an
inconsistent mode.

1036 30 Attempt to open internal file which is already open.

1090 30 Attempt to open a file closed with the LOCK option.

1094 30 Attempt to open "PREATTACHED" file which has not
been previously attached.

1193 30 gggble to locate an existing IOCB or to create a new

B.

1232 30 OPEN is an invalid operation for the current
attachment.

1290 30 Unable to open file (cause unspecified).

1291 30 File is busy (i.e., being used by another program).

1292 30 File contains format error or is of a different
organization than specified.

1293 30 Unable to attach I/0 switch.

1294 30 Attachment and attempted opening mode are
incompatible.

1295 30 File does not exist.

1297 30 UNINITIALIZED VOLUME. DO YOU WANT TO INITIALIZE? (If
the response is YES, the volume is initialized, and
processing continues. If the response is NO, further
processing cannot continue; the 1/0 switch is closed.

1332 30 Unable to close file to force specified attachment
since CLOSE is an invalid operation for the current
attachment.

2036 30 Attempt to close internal file which is not
currently open.

2332 30 Close is an invalid operation for the current
attachment.

2390 30 Unable to close file (cause unspecified).

2392 30 Unable to close file due to format error.

2393 30 Unable to detach IOCB after closing file.

3001 00 A record has been successfully read which is shorter
than the specified input area.

3031 30 Attempt to read an unopen file.

3032 30 Attempt to read a file opened in output mode.

3430 30 Unable to read record (cause unspecified).

3410 10 Unable to read record; at end of file.

3423 23 Unable to read record; record does not exist.

3432 30 READ is an invalid operation for current open mode.

3435 30 A record has been read which is longer than the
specified input area.

3510 10 Attempt to read beyond the end of a stream file.

3530 30 Unable to read next line in a stream file.

3535 30 A record has been read in a stream file which is
longer than the specified input area.

3621 21 Unable to seek key for input; key out of order.

3623 23 Unable to seek key for input; record not found.

3630 30 Unable to seek key for input (cause unspecified).

3632 30 Seek_key is an invalid operation for current open mode.

3810 10 Unable to read next key; at end of file.

3830 30 Unable to read next key (cause unspecified).

3832 30 Read_key is an invalid operation for current open mode.
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Table 9-2 (cont).

Possible Values of Status Keys 1, 2, and 3 Returned
by Multics COBOL

Status

Status Keys

Key 3 1 and 2 Explanation

REY] 30 Attempt to write an unopen file.

032 30 Attempt to write a sequentially accessed file opene.i
as [-0.

4430 30 Unable to write record.

§y32 30 Write is an invalid operation for the current open
mode.

4530 30 Unable to write stream record.

4532 30 Get_line is an invalid operation for the current open
mode.

4621 21 Unable to seek key for output; attempt to write with
an out-of-order key to an indexed sequential file.

4622 22 Unable to seek for output; duplicate key.

4630 30 Unable to seek key for output (cause unspecified).

4632 30 Seek_key is an invalid operation for current open mode,

5024 30 Invalid REWRITE attempted; new key is not identical to
old key. .

5031 30 Attempt to rewrite an unopen file.

5032 30 Invalid rewrite attempted; attempt to rewrite a file
not open as I-0.

5033 30 Invalid rewrite attempted; the previous ,I/0 operation
to this sequential file was not READ. (/

5034 30 Invalid rewrite attempted; new record ength is not
equal to old record length for this nonsequential
file.

5423 23 Unable to rewrite record; record not found.

5430 30 Unable to rewrite record (cause unspecified).

5432 30 Rewrite is an invalid operation for current open mode.

5621 21 Unatle to seek key for reWrite; sequence error.

5623 23 Unable to seek key for rewrite; record not found.

5630 30 Unable to seek key for rewrite (cause unspecified).

5632 30 Seek_key is an invalid operation for current open mode.,

6031 30 Attempt to start an unopen file.

6032 30 Attempt to start an output file.

6623 23 Record not found with a key matching the specified key.

6630 30 Unable to seek key which matches specified key.

6632 30 Seek_key is an invalid operation for current open nmode.

6723 23 Record not found with key satisfying specified key
relationship. ~

6730 30 Unable to seek_head (iox_$control opeﬁ?%ion).

6732 30 The control operation "seek_head" is not allowed for
the current open mode.

7031 30 Attempt to delete in an unopen file.

7032 30 Attempt to delete in a file opened in output mode.

7033 30 Invalid delete attempted; the previous I/0 operation
on this sequential file was not READ.

7423 23 Unable to delete record; record not found.

7430 30 Unable to delete record (cause unspecified).

7432 30 Deiete is an invalid operation for current open mode.

7621 21 Unable to seek key for delete; sequence error.

7623 23 Unable to seek key for delete; record not found.

7630 30 Unable to seek key for delete (causec unspecified).

7632 30 Seek_key is an invalid operation for current open aode.
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Error Processing

When an error occurs on an input/output operation, the user can exercise a
degree of control through specification of USE procedures that can inspect the
FILE STATUS item associated with the file.

The following steps are taken when an input/output error is encountered:

1. A value is jla-~d in the FILE STATUS item, if one 1is specified, to
indicate th. nroture of the error. Refer to "Input/Output Status"
earlier in this section for a description of the various error
conditions and codes.

2. If the error is an AT END or INVALID KEY condition:

a. If an AT END or INVALID KEY phrase, respectively, is specified in
the input/output statement, control is transferred to the AT
END/INVALID KEY imperative statement and a USE statement, if
specified, is not executed.

b. If the AT END or INVALID KEY phrase 1is not specified 1in the
input/output statement, and a USE procedure is specified !or the
file, the USE procedure is executed.

c. If the AT END or INVALID KEY phrase is not specified in the

input/output statement, and a USE procedure is not specified for
the file, the action taken is the same as for a non-1/0 error.

(Refer to "Non-Input/Output Errors" in Section VII.)
3. If the error is not an AT END or INVALID KEY condition:
a. If a USE procedure is specified for the file, it is executed.

b. If a USE procedure is not specified for the file, the action
taken is the same as for a non-1/0 error. (Refer to
"Non-Input/Output Errors® in Section VII.)

4, In certain special cases the programmer cannot gain control of the
error by a USE procedure. These cases are identified by a value of
zero in status key 1 in Table 9-2. These cases are generally not
errors, but normal conditions. If the programmer wishes to check
these conditions, a test of status key 3 should be included after the
input/output statement.

AT END Condition

The AT END condition can occur as a result of the execution of a READ
statement. For details of the causes of the condition, refer to "READ Statement"
later in this section.

LINAGE-COUNTER Register

The reserved word LINAGE-COUNTER is a name for a special register generated
by the presence of a LINAGE clause in a file description entry. The implicit
description is that of an unsigned integer whose size is equal to six digits.
For rules governing the linage counter, refer to "LINAGE Clause" later in this
section.
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Label Processing for Tape Files

Label processes are applied at appropriate times to magnetic tape files for
which standard labels are specified. Files allocated to magnetic tape header
and trailer labels are Separate blocks recorded before the first physical record

on each reel and following the last physical record, respectively.

Header label creation takes place whenever a labeled file is opened for
output or a new volume of a multivolume sequential output file is accessed. A

label record containing the FILE-ID and/or RETENTION period specified in the
Source program is recorded on the file.

Trailer label creation takes place whenever a labeled output file allocated
to magnetic tape is closed or, for a multireel version of such a file, whenever
an end-of-tape condition is encountered or a CLOSE REEL statement is executed.

Header label checking takes place whenever a labeled file is opened for

input, extension, or input-output, or when a new volume of a multivolume
sequential input file is accessed.

Trailer 1label checking occurs whenever an end-of-volume or end-of-file
condition is encountered on a labeled input file allocated to magnetic tape.

Reel/Unit Swap Procedure

A reel/unit swap occurs upon the execution of a CLOSE REEL/UNIT statement
and whenever execution of an input-output operation on a multivolume sequential
file results in an end-of-volume condition on the current volume. It causes the
next volume in sequence to become the current volume.
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ENVIRONMENT DIVISION FOR INPUT/QUTPUT

Input-Qutput Section

The Input-Output Section provides the information needed to control the
transmission and handling of data between the Multics Input/Qutput (I/0) System
and the object program. It is subdivided into the following two paragraphs:

o) FILE-CONTROL paragraph, which names all files used in the program and
associlates them with 1/0 switch names.

o I-0-CONTROL paragraph, which defines speéial input/output control
techniques to be used in executing the object program.

General Format:

ENVIRONMENT DIVISICHN.
-

INPUT-QUTPUT SECTION.

FILE-CONTROL. {f‘ile-control-entr‘y}

1

-1
-0-CONTHROL. {}nput-output-control-entrxj J J
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FILE-CONTROL PARAGRAPH

The FILE-CONTROL paragraph names each file and allows specification of
other file-related information.

The file control entry names a file and may specify other file-related
information.

Format 1 (Sequential Files)

SELECT IOPTIONALI lEXTERNALI file-name=-1

-VIRTUAL
ASSIGN TO internal-file-name-1 r -PRINTER
-CARD=-PUNCH
—CARD-READER
-PREATTACHED
-TAPE
- - -
AREA
;s RESERVE integer-1
LAREA
B [ANSI 9
; ORGANIZATION IS MULTICS SEQUENTIAL
IBM=DQS
IBM-0S
o o -

[; ACCESS MODE IS SEQUENTIAL]

. FILE STATUS IS data-name-i [, data-name-z]_l

literal=-1
; CATALOG-NAME IS
L data-name-3

FLR
; fwrrd] {—M }] .
! SPANNED

09/79 ' 9-10 : AS4uD



FILE-CONTROL

Format 2 (Relative Files):

SELECT [EXTERNAL] file-name-1

09/79

=VIRTUAL ]

ASSIGN TO internale-file-name-] [ <PREATTACHED

AREA
; RESERVE integer-1
REA

; ORGANIZATION IS MULTICS RELATIVE

; ACCESS MODE IS
DYNAMIG

; FILE STATUS IS data-name-1 [, data-name-Z]]

[llt ral-1 1
L

1
da ta-name-3 J J

&
(]
-
n

FILE-CONTROL

SEQUENTIAL [ RELATIVE KEY IS data-name-é]

RANDOM
» RELATIVE KEY IS data-name-3

AS44D



FILE-CONTROL

Format 3 (Indexed Files):

SELECT IEXTERNALI file-name=-1

09/79

“we

.
¥

ACCESS MODE

IS

IS

[wrrs] {

FLR
VLR

J]

ASSIGN TO internal-file-name-1 [

AREA
RESERVE 1integer-1
REA

ORGANIZATION

CATALOG-NAME IS {

MULTICS

SEQUENTIAL
RANDOM

MDYNAMIC |

RECORD KEY IS data-name-i

ALTERNATE RECORD KEY IS data-name-5 [?ITH DUPLICATESI ]...

FILE STATUS IS data-name-1 [. data-name-Z]]

literal-1 }]
data-name-3

=VIRTUAL
=PREATTACHED

INDEXED

FILE-CONTROL
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Format 4 (Stream Files):

SELECT [EXTERNAL] file-name-1
- -VIRTUAL ]

ASSIGN TO internal-file-name-1 -PREATTACHED
-PRINTER

AREA
; RESERVE integer-1
AREAS

: ORGANIZATION IS [§ULTI0§] STREAM
[ ; ACCESS MODE IS SEQUENTIAL ]

[ ; FILE STATUS IS data-name-1 [, data-name-é] ]

literal-1
; CATALOG-NAME 1IS
- \data-name-2
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FILE-CONTROL FILE-CONTROL

Syntax Rules:

10.

11.

01/79

The SELECT clause must be specified first in the file control entry.
The clauses which follow the SELECT clause can appear in any order.

Fach file described in the Data Division must be named only once as
file-name~1 in the FILE-CONTROL paragraph. Each file specified in the
file control entry must have a file description entry in the Data
Division.

Internal~file-name~1 can contain from one to 16 ASCII graphic
characters. The blank, minus (or hyphen), and leading or trailing
period characters cannot be part of internal-file-name-1.

In Format 1, when the ORGANIZATION IS SEQUENTIAL clause is not
specified, the clause is implied.

If the ACCESS MODE clause is not specified, the ACCESS MODE IS
SEQUENTIAL clause is implied.

Data-name-~1, data-name-2, data-name-3, data~name-4, and data-name-5
may be qualified.

Data-name-1 must be defined in the Data Division as a two-character
data item of the category alphanumeric and must not be defined in tne
File Section, the Constant Section, or the Communication Section. The
left character is known as status key 1 and the right character is
status key 2.

If & relative file is to be referenced by a START statement, the
RELATIVE KEY phrase must be specified for that file.

The data item referenced by data-name-3 should not be defined in a
Record Description associated with the file-name. TIf data-name-3
(RELATIVE KEY) is defined in a record aescription entry associated
with the corresponding file-name, a warning diagnostic is issued. The
data referenced by data-name-3 must be defined as an unsigned integer.
Data-name-3 must not be defined in the CONSTANT Section.

Data-name-4 and data-name-5 must not describe an item whose size is
variable; each must define an item containing not less than one nor
more than 255 alphanumeric characters. The data item referenced by
data-name-4 (RECORD KEY) should be defined either as a data item of
the category alphanumeric within a record description entry associated
with that file-name or be defined in the Working-Storage Section. &
warning diagnostic is issued in the latter case. If data-name-5
exists (ALTERNATE RECORD KEY), all keys must be within the record
description entry associated with that file-name or a fatal diagnostic
is issued.

Data~name-5 cannot reference an item whose leftmost character position
corresponds to the lefimost character position of an item referenced
by data-name-4, or by any other data-name-5 associated with the file.

Internal-file-name-PREATTACHED can be specified in the ASSIGN clause
only when EXTERNAL has been specified in the associated SELECT clause.
If EXTERNAL has not been specified, the -PREATTACHED phrase is
ignored, and a warning diagnostie is issued.

When internal-file-name and the logical medium (e.g., ~-VIRTUAL,
-PRINTER) are specified, they must be concatenated without blanks.
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FILE-CONTROL FILE-CONTROL

14, Data-name-2 specifies the variable item into whicn status key 3 is
moved.

15. The OPTIONAL phrase may be specified only for input files. Its
specification is required for input files that are not necessarily
present each time the object program is executed.

16. ORGANIZATION IS ANSI, IBM-0S, or IMB-DGCS SEQUENTIAL may be specified
only when the -TAPE device has been specified. For tape files,
ORGANIZATION IS MULTICS SEQUENTIAL 1is equivalent to ORGANIZATION IS
ANSI SEQUENTIAL.

17. ORGANIZATION IS SEQUENTIAL is Synonymous with ORGANIZATION IS MULTICS

SEQUENTIAL. &

General Rules (all formats):

01/79

1.

" When ACCESS MODE IS SEQUENTIAL is sp

The ASSIGN clause specifies the association of the file referenced by
file~-name to tne physical file. The internal-file-name serves the
following purposes:

a. If the VALUE OF CATALOG-NAME clause i3 not specified (in the File
Description), the internal-file-name names tne file. The
file-name is tne string "program—name.internal—file—name".

b. The internal-file-name namss the I/0 switen. If the file is an
external file the internal-file-name is the switcn name. If tne
file is an internal file the switeh name is

internal—file-name.unique-eharacters, where unique-characters is
a string of characters that are unique within the process. Refer
to the Multics COBOL Users' Guide, Order No. AS43 or the MPM
Reference Guide, Order No. AG91 for details about I/0 switch.

c. The internal-file-name is used with COBOL-related Multies
commands. Refer to the Multits COBOL Users' Guide or the MPM
Reference Guide for details.

The RESERVE clause is for documentation only.

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

ec y Tecords in tne file are
accessed in the sequence dictated by th e organization.
a. For sequential and stream files, this sequence 1is determined by
the order of the WRITE Statements when the file is created or
extended.

b. For relative files, this sequence is the order of ascending
relative record numbers of existing records in the file.

c. For indexed files this Sequence 1is the order of ascending record

key values within 2 given key of reference. ASCII collating
sequence is used. .

9-15 - AS44B



FILE-CONTROL FILE-CONTROL

10.

08/79

When the FILE STATUS clause is specified, a value is moved into the
data item specified by data-name-1 (and data-name-2) after the
execution of every statement that references that file, either
explicitly or implicitly. This value 1indicates the status of the
execution of the statement. Data-name-2, if specified, is set to a
number associated with a corresponding error message.

The key word EXTERNAL specifies that the file can be used by more than
one program in the run-unit. If EXTERNAL is not specified, the file
is unique to this program.

If -VIRTUAL, -TAPE, ~-PRINTER, ~-CARD-PUNCH, -CARD-READER, or
PREATTACHED are not specified, -VIRTUAL is assumed.

If -PRINTER is specifided, the final destination of the output file is
assumed to be a physical printer. If -CARD-PUNCH is specified, the
final destination of the output file is assumed to be a physical card
punch. In this case, the file 1is created in the Multies virtual
storage system. (The user should use the Multics commands to queue
these files for printing or punching.) At program execution time, the
file is a Multiecs segment. If -CARD-READER is specified, it may be
used only for input files, in the Multics virtual storage system.
These files may be created by Multies utility programs that read
punched cards and write them into the storage system; or may be copies
of such files.

If -TAPE is specified, the file is assumed to be on tape. For tape
files, the CATALOG-NAME clause identifies the volume identification of
the tape file.

The CATALOG-NAME must be present for all tape files. For ANSI and IBM
tape, the following holds:

The volume identification specified as the value of literal-1 or the
data item referenced by data-name-3 must be six characters or less in
length. If the CATALOG-NAME is less than six characters and entirely
numeric, it is padded on the left with zeros by the I/0 module. If
the CATALOG-NAME is less than six characters and not entirely numeric,
it is padded on the right with blanks.

For nonstandard tape, the following holds:

The CATALOG-NAME is the tape reel number. If the tape is T-track,
CATALOG-NAME must contain ",T7-track". If the tape 1is 9=track,
CATALOG-NAME may contain ",9-track™. If it contains neither, 9-track
is assumed.

The CATALOG-NAME clause identifies the segment for virtual files.
Literal-1 or the contents of data-name-3 is the path name (full or
relative) of the corresponding segment or multisegment file. If it is
not specified, the character-string "program-name.internal-file-name”
is assumed as the default.
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13.
14.

17.

709/79

If EXTERNAL is not specified, the I/0 switch associated with file-name
is attached when the file referenced by file-name is opened, and
detached when the file is closed. If the EXTERNAL phrase is
specified, the fcllowing rules apply:

a. If, when the file referenced by file-name is opened, storage is
already allocated, no alteration of allocation takes place.

b. When file-name is closed, the file is not released; instead, the
file is released when the run-unit is terminated.

c. The APPLY clause in the I-0-CONTROL paragraph can be used to
override these rules, giving the user complete control of the
attach/detach functions.

If -PREATTACHED is specified, the file must have been made available
by a previously executed program or command.

Virtual files are files in the Multics virtual memory storage system.

Virtual files are the normal Multics files; that is, they do not have
a special purpose such as printing or punching.

For ANSI or IBM tape files, VLR indicates that the internal structure
of the file is in variable-length record format. Records in this case
must not exceed 8188 characters in length. For other files, VLR
indicates the file, when written, is to be handled as though it had
variable-length records and thus this specification is of interest
only in special cases, when special formatting of the file is desired.

For ANSI or IBM tape files, FLR indicates that the internal structure
of the file is in fixed-length record format. Records in this case
must not exceed 8192 characters in length. For other files, FLR
indicates the file, when written, is to be handled as though it had
fixed-length records and thus this specification is of interest only
in special cases, when special formatting of the file is desired. If
the records are described as having different sizes or are variable in
length, the maximum size is always written. Records smaller than the
maximum Size are not padded. The extraneous characters are those from
the previous contents of the record area.

For ANSI or IBM tape files, SPANNED indicates the internal structure
of the file is spanned record format. Records in this case must not
exceed 1,044,480 characters in length.

For additional information céncerning COBOL object time input/output,
refer Lo the Multies COBOL Users' Guide.
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General Rules (Format 1):

N
.

ORGANIZATION IS ANSI SEQUENTIAL implies a standard ANSI tape file.
Attachment is made to the tape_ansi_I/0 module,

ORGANIZATION IS SEQUENTIAL implies a Multics sequential file to be
accessed on tne device specified or implied by the internal-file-name
phrase.

ORGANIZATION IS IBM-DOS SEQUENTIAL implies IBM DOS tape file.
Attvachment is made to the tape_ibm_ I/0 module -DOS control argument.

ORGANIZATION IS IBM-0S SEQUENTIAL implies an IBM tape file. Attachment
is made to the tape_ibm_ I/0 module.

General Rules (Format 2):

n

w

In a relative file, each record is identified by its logical ordinal
position within the file.

Format 2 must be specified for relative files.
ORGANIZATION IS RELATIVE implies a Multics relative file. Witn this

organization, the RELATIVE KEY specified (data-name-3), represents the
record's logical ordinal position in tne file..

General Rules (Formats 2 and 3):

[\¥]
.

If ACCESS MODE IS RANDOM is specified, the value of the relative key
data item for relative files or the value of a record Xkey data item
for indexed files indicates the record to be accessed.

When ACCESS MODE IS DYMNAMIC is specified, records in the file can be
accessed either sequentially or randomly.

General Rules (Format 3):

01/79

3]

In an indexed file each record is identified by the value of a key
(data-name-i) .

The RECORD KEY <clause specifies the record key that is the prime
recora key for thne file. The values of the prime record key must be
unique among records of the file. This prime record key provides an
access path to records in an indexed file.

An ALTERNATE RECORD KEY clause specifies a record key that 1is an
alternate record key for tne file. The alternate record kKey provides
an alternate access path to records in an indexed file.

The data descriptions of data-name-4 and data-name=5 as well as their
relative positions within a record must be the same as that used wnen
the file was created. The number of alternate keys for the file must
be the same as that used wnen the file was created.
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I-O-CONTROL PARAGRAPH

The I-0-CONTROL paragraph specifies the memory area that is to be shared by the
different files, the location of the files on a muitiple file reel, and input/output
techniques to be applied to the files.

General Format:

[ I-0~-CONTROL.

L ; APPLY input-output-technique ON file-name-1 , [?ile-name—é] . ]

file~-name-3
; RERUN ON
CHECKPOINT-FILE

REEL
[END 01-'] UNITf | OF file-name-1

integer-1 RECORDS

EVERY

integer-2 CLOCK-UNITS
| condition-name

RECORD
; SAME SORT AREA FOR file-name-5 <; file-name~€} “en .o
SORT-MERGE

[ ; MULTIPLE FILE TAPE CONTAINS file-name-7 [ POSITION IS integer-3 ]

[ , file-name-8 [ POSITION IS integer-4 | ] ... ] e . ]

Syntax Rules:

1. The I-0-CONTROL paragraph is optional.
2. The RERUN clause is for documentation purposes only.

3. The two forms of the SAME clause (SAME AREA, SAME RECORD AREA) are
considered separately in the following:

More than one SAME clause can be included in a program. However:
a. A file-name must not appear in more than one SAME AREA clause.

b. A file-name must not appear in more than one SAME RECORD AREA
clause.
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Gener

10777

al

1.

(We)

c. A file-name that represents a sort or merge file must not appear
in more than one SAME SORT AREA or SAME SORT-MERGE AREA clause.

d. If one or more file-names of a SAME AREA clause appear in a SAME
RECORD AREA clause, all file-names in that SAME AREA clause must
appear in the SAME RECORD AREA clause. However, additional
file-names not appearing in that SAME AREA clause can also appear
in that SAME RECORD AREA clause. The rule that only one of the
files mentioned in a SAME AREA clause can be open at any given
time takes precedence over the rule that all files mentioned in a
SAME RECORD AREA clause can be open at any given time.

e. If a file-name that does not represent a sort file appears in a
SAME AREA clause and in one or more SAME SORT AREA or SAME
SORT-MERGE AREA clauses, all files named in that SAME AREA clause
must be named in the SAME SORT AREA or SAME SORT-MERGE AREA
clause(s).

The files referenced in the SAME AREA or SAME RECORD AREA clause are
not required to have the same organization or access.

J— ha anman~d o P
-7 and file=name-8 musc o€ eycv;; ied with —ing

om in
ed ASSIGN clause. If file-name-7 or file-name-8 is specifi
EATTACHED, the associated device must be a tape device.

Each file-name specified in a MULTIPLE FILE TAPE clause must have an
associated file description entry.

The same file-name must not be specified more than once in a MULTIPLE
FILE TAPE clause.

Rules:

Since more than one input/output technique is available, the APPLY
clause permits the user to select the appropriate technique for the
object program. Specific names to designate the individual
input/output techniques are specified under "Input/Output Techniques."

The SAME AREA clause specifies that it is invalid to have more than
one file open at the same time. (Refer to Syntax Rule 3d above.)

The SAME RECORD AREA clause specifies that two or more files are tc
use the same memory area for processing the current logical record.
All files may be open at the same time. A logical record in the SAME
RECORD AREA is considered as a logical record of each opened output
file whose file-name appears in this SAME RECORD AREA clause and of
the most recently rexd input file whose file-name appears in this SAME
RECORD AREA clause. This is equivalent to an implicit redefinition of
the area; 1i.e., records are aligned on the 1leftmost character
position.
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4. The MULTIPLE FILE clause is required when more than one file shares
the same physical reel of tape. Regardless of the number of files on a
single reel, only those files that are used in the object program need
be specified. If all file-names have been listed in consecutive order,
the POSITION clause need not be given. If any file in the sequence is
not listed, the position relative to the beginning of the tape must be
given. Not more than one file of the same tape reel may be open at
one time.

Input/Qutput Techniques

The input-output-technique variable specified in the APPLY clause of the
I-0-CONTROL paragraph can consist of the following options.

TEMPORARY
FILE IS
PERMANENT

[ NO DETACH AT CLOSE ]

3 literal-1 1"
ATTACH-OPTIONS ARE data-name-1

- . - o o

- ~ - -

GENERATION
OUTPYT-MODE IS MODIFICATION

literal-2
REPLACEMENT data-name=-2

integer-1
DEVICE IS data-name=3
{ 800
TAPE-OPTIONS ARE § DENSITY IS i_]EOO {...
RETAIN
FORCE
PROTECT
CATALOG-NAME IS literal-3
L . ADDITIONAL CATALOG-NAMES ARE data-name-4 (.. .J .
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—

Syntax Rules:

Contradictory input/ocutput techniques must not be specified for the
same file.

If -PREATTACHED is specified in the ASSIGN clause of the FILE-CONTROL
entry, the ATTACH-OPTIONS and TAPE-OPTIONS clauses cannot be
specified.

If the ATTACH-OPTIONS clause is specified, - the TAPE-OPTIONS <clause
must be omitted. If the TAPE-OPTIONS clause 1is specified, the
ATTACH-OPTIONS <clause must be omitted. Each option within the
TAPE-QOPTIONS clause may be specified, but only once.

The value of literal-2 or the data item referenced by data-name-2 can
contain from one to 16 ASCII graphic characters, excluding the blank,
minus (or hyphen), and leading and trailing period characters.

The value of the data item referenced by data-name-3 nust be an
integer.

The ADDITIONAL CATALOG-NAME specified as the value of literal-3 or the
data item referenced by data-name-4 must be six or less characters in
length and must-be nonnumeric. Data-name-4 must be a data description
entry in the Working-~Storage section.
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General

08/79

1.

Rules:

The FILE IS TEMPORARY clause specifies that the associated file is to
be released (or deleted) when the run-unit is terminated. The FILE IS
PERMANENT clause indicates that the file is not to be deleted. If the
FILE clause is not specified, PERMANENT is assumed.

The NO DETACH AT CLOSE clause indicates that the file is not to be
detached from the associated device when the file is closed. If this
clause is omitted then the file is detached (by a CLOSE statement) if
it was attached (by the OPEN statement).

The file in the ATTACH-OPTIONS clause is EXTERNAL. The value of
literal-1 or the data item referenced by data-name-1 is in the format:

"io-module-name option-1...option-n"

where the options depend upon the particular I/0 module specified by
io-module-name. This specification overrides any attachment implied
by the internal-file-name phrase and CATALOG-NAME clause. (Refer to
Multics Programmers' Manual, Subroutines for descriptions of available

I/0 modules.)

The TAPE-OPTIONS phraée within the APPLY clause must be specified
whenever the user wishes to use options other than defaults.

The OUTPUT-MODE clause allows one of three ocutput operations to be
performed on an existing file. Though each operation functions in a
significantly different manner, they all share a common
characteristic: when an output operation is specified on an existing
file, that file is logically truncated at the point of operation,
thereby destroying all files (if any) that follow consecutively from
that point.

a. If GENERATION is specified, the generation number recorded in the
labels that bracket every file are incremented by one. Initially
set to zero when the file was created, this number is increased
by one for each successive generation of the file. When the
number reaches 9999, the next increment resets it to zero.

D. If MODIFICATION is specified, the entire contents of a file are
replaced, but the structure of the file itself (as recorded in
the labels) 1is retained. Every time a file is modified, the
version number in its trailer labels is ineremented by one. When
the number reaches 99, the next increment resets it to zero.

c. If REPLACEMENT is specified, a new file is added by replacing
(overwriting) an existing file specified by the value of
literal-2 or the data item referenced by data-name-2. If no file
having a value of literal-2 or the data item referenced by
data-name-2 exists, a new file is appended to the tape.
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11.

d. If the file to be generated or modified does not exist, an error
is indicated and control returns to Multics command level. If any
or all TAPE-OPTIONS are specified, they must correspond to those
recorded in the labels of previous GENERATION or MODIFICATION
phrases.

e, If QUTPUT-MODE is not specified for a file opened in OUTPUT mode,
a new file is <created; an entirely new entity is added to the
tape. This new file is appended immediately after the 1last (or
only) file on the tape. The process of appending does not alter
the previous contents of other files on the tape.

The DEVICE option specifies the maximum number of tape drives that can
be used by a given file during an attachment. The value of integer-1
or the data item referenced by data-name-3 must range from 1 to n,
where n equals the maximum number of drives on the system, but not
greater than 63. When the DEVICE option is not specified, the default
for an initial attachment te a file is one tape drive.

The DENSITY option specifies the density at which the file is
recorded. Every file on a multiple file tape must be recorded at the
same density. In the absence of the DENSITY option, density is
determined as follows:

open for input: DENSITY = density of the volume label
open for output: (creating a new reel) DENSITY = 800 bpi

open for output: (for existing reel) DENSITY = density of the
volume label

The RETAIN option specifies the retention of resources across
attachments, where resources equal devices {fape drives) and files
(single=-reel or multiple-file tapes. When RETAIN is specified, all
devices and files remain assigned to the process. Otherwise, all
devices and files are unassigned.

The FORCE option specifies that the expiration date of the file being
overwritten 1is to be ignored. EXTEND, MODIFICATION, GENERATION, and
REPLACEMENT are overwrite operations. The expiration date is recorded
in Julian form, and is set only when a file is created or generated.

The PROTECT option specifies that a file set will be mounted without a
write ring. Whenever a file set i1s needed, the I/0 module message that
specifies the tape to be mounted without a ring. TIf PROTECT is not
specified, the tape will be mounted with a write ring. If a tape is
mounted with a write ring and the I/0 switch is opened for sequential
input, the hardware file-protect feature is used to safeguard the
tape.

The ADDITIONAL option specifies a list of volume identifiers that will
be required within the process. If ADDITIONAL 1s not specified, no
additional CATALQG-NAME(S) is needed, since either the file is
contained on one reel or the user wishes to be interrogated when reel
changes take place.

Refer to the Multics COBOL Users'! Guide and the Multics Z2rogrammers!
Manual, Heference Guide for additicnal information on object time 1-0.
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File Section

In a COBOL program, the file description (FD) entry represents the highest
level of organization in the File Section. The File Section header is followed
by a file description entry consisting of a level indicator (FD), a file-nanme,
and a series of independent clauses. The FD clauses specify the size of the
logical and physical records, the presence or absence of label records, the
value of label items, and the names of the data records of which the file is
composed. The entry itself is terminated by a period.

Record Description Structure

A record description consists of a set of data description entries which
describe the characteristics of a particular record. Each data description
entry consists of a level-number followed by a data-name (if required), followed
by a series of independent clauses as required. A record description has a
hierarchical structure; therefore, the clauses used with an entry can vary
considerably, depending upon whether or not the entry is followed by subordinate
entries. The structure of a record description 1is further defined in the
Concept of Levels paragraph in Section II, while the elements allowed in a

record description are shown 1in the data descriptibon Skeleton paragraph in
Section VI. '
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File Description - Complete Entry Skeleton

The file description furnishes information concerning the physical
structure, identification, and record-names pertaining to a given file.

General Format:

FD file-name

ECORDS
; BLOCK CONTAINS [integer-1 10] integer-2
CHARACTERS

| ; RECORD CONTAINS [integer-3 T0] integer-u CHARACTERS

|DEPENDIHG ON data-name-1 ] ]
RECORD IS STANDARD
; LABEL
RECORDS ARE OMITTED

[ data-name-2 h
1 FILE-ID IS

literal-1

VALUE OF ¢ RETENTION IS
literal-2

data-name-4
CATALOG-NAME IS
literal-3

RECORD IS
; DATA { data-name-5 } .
L RECORDS ARE

data-name- i data-name-T) |
; LINAGE IS LINES , WITH FOOTING AT
integer-5 integer-6 J

data-name-3 }

data-name-8§ i data-name-9] |
, LINES AT TOP , LINES AT BOTTOM .
integer-7 integer-8 i

[ ; CODE-SET IS alphabet-name ]
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Syntax Rules:

1.

The level indicator FD identifies the beginning of a file description
and must precede the file-name.

The clauses that follow the name of the file are optional in most
cases and their order of entry is not significant.

One or more record description entries must follow the file
description entry. -
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BLOCK CONTAINS CLAUSE

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

General Format:

BLOCK CONTAINS [ integer-1 10 ] integer'-z{

General

1.

RECORDS
CHARACTERS

Rules:

The BLOCK CONTAINS clause is meaningful only for ANSI or IBM tape
files. Otherwise, it serves only as documentation.

(oI ]

f this clause is not specified, it is assumed that a physical record
ontains only one complete logical record.

Wwhen the word CHARACTERS is specified, the physical record size 1is
specified in terms of the number of character positions required to
store the physical record, regardless of the types of characters used

to represent the items within the physical record.

If only integer-2 is shown, it represents the exact size of the
physical record. If integer-1 and integer-2 are both shown, they
refer to the minimum and maximum sizes of the physical record,
respectively.

Specification of integer-1 is not meaningful but is accepted for
documentation only.

If the file is fixed-length record format, block size must be greater
than or equal to record size. If block size is not an exact multiple
of record size, the actual block size used 1is integer-2 rounded
downward to an exact multiple, and an observation is issued.

If the file is variable-length record format, block size must be
greater than or equal to record size.

If the file is spanned record format, block size may be 1less than,
equal to, or greater than record length.

In all cases, block size must be in the range:

18 < block size < 8192
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Notes:

"

2.

BLOCK CONTAINS

Use of a block size greater than 2048 is a nonstandard Multics
feature.

The term "record size" refers, to the actual or maximum nu .ber
of characters in the record as specified in the RECORD CONTAINS
clause or as implied by the record description(s) in the FD
entry; "block size" refers to the number of characters in a
block. If the BLOCK CONTAINS clause is not specified, block
size is identical to record size, and records are unblocked. If
BLOCK CONTAINS ... RECORDS is specified, block size is equal to
integer-2 multiplied by record size. If BLOCK CONTAINS ...
CHARACTERS is specified -or implied, block size is integer-2.
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CODE-SET

CODE-SET CLAUSE

The

CODE-SET clause of the FD entry specifies the character code set used

to represent data on the external media.

General Format:

CODE-SET IS alphabet-name

Syntax Rules:

1.

ro
.

General

1.

When the CODE-SET clause is specified for a file, all data 1in that
file must be described with usage DISPLAY and any signed numeric data
must be described with the SIGN IS SEPARATE clause.

The alphabet-name clause referenced by the CODE-SET clause must not
specify the literal phrase.
Rules:

If the CODE-SET clause 1is specified, alphabet-name specifies the
character code convention used to represent data on external media. It
also specifies the algorithm for converting character codes on
external media from/to native character codes. This code conversion
occurs during execution of an input or output operation. {(Refer to
"SPECIAL-NAMES Paragraph" in Section VI.)

If the CODE-SET clause is not specified, the ASCII character set |is

assumed for data on the external media, and no code conversion takes
place.
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DATA RECORDS CLAUSE

The DATA RECORDS clause serves only as docu-entation for the names of data
records with their associated files.

General Format:

DATA

BEGORD IS

} data-name-1 [, data-name-?]
BECOQRDS ARE

Syntax Rules:

1'

Data-name-1, data-name-2,..., are the names of data records and must

- have 1level-number 01 record descriptions, with the same names,

associated with thenm.

General Rules:

1'

The presence of more than one data-name indicdates that the file
contains more than one type of data record. These records can be of
differing sizes, different formats, etc. The order in which they are
listed is not significant.

Conceptually, all data records within a file share the same area.

This 1is in no way altered by the presence of more than one type of
data record within the file.
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LABEL RECORDS CLAUSE

The LABEL RECORDS clause specifies whether labels are present.

General Format:

RECORD 1IS STANDARD
LABEL
RECORDS ARE OMITTED
Syntax Rules:

1. The LABEL RECORDS clause is required in every file description entry.

General Rules:

1. For files in which -TAPE has been specified in the SELECT clause:

® OMITTED indicates attachment to the tape_ibm_ I/0 module.

L STANDARD indicates attachment to the tape_ansi_ or tape_ibm_ 1I/0
module, depending on other information  given in the SELECT
clause.

2. For all other Tiles, this clause serves as documentation only.



LINAGE LINAGE

The LINAGE clause provides a means for specifying th size of a logical
page in terms of number of lines. It also provides for specifying the top and
bottom margins on a page, and the line number with a page body, at which the
footing area begins.

General Format:

data-name-1 data-name-2
;+ LINAGE IS LINES , WITH FOOTING AT
nteger-1 o integer-2 -
data-name-3 data-name-4
, LINES AT TQP , LINES AT BQTTOM
nteger-3 5 nteger-4 o

Syntax Rules:
1. Data-name-1, data-name-2, data-name-3, and data-name-U4 must reference
elementary unsigned numeric integer data items.
2. The value of integer-1 must be greater than zero.
3. The value of integer-2 must not be greater than integer-1.

4, The value of integer-3 and integer-4 may be zero.

9-33 ASuy



LINAGE

General

1.

LINAGE

Rules:

The LINAGE clause provides a means for specifying the size of a
logical page in terms of number of lines. The logical page size is
the sum of the values referenced by each phrase except the footing
phrase. If the LINES AT TOP or LINES AT BOTTOM phrases are not
specified, the values of these functions are zero. If the FOOTING
phrase 1is not specified, the assumed value is equal to integer-1 or
the contents of the data item referenced by data-name-1, whichever is
specified.

The value of integer-1 or the data item referenced by data-name-1
specifies the number of lines that can be written and/or spaced on a
logical page. The value must be greater than zero. That portion of a
logical page in which lines can be written is called the page body.

The value of integer-3 or the data item referenced by dat .-name-3
specifies the number of lines that comprise the top ma. gin of a
logical page. The value may be zero.

The value of integer-4 or the data item referenced by data-name-U
specifies the number of lines that comprise the bottom margin of the
logical page. The value may be zero.

The value of integer-2 or the data item referenced by data-name-2
specifies the 1line number within the page body at which the footing:
area begins. This value must be greater than zero and not greater than
the value of integer-1 or of the data item referenced by data-name-1.

The footing area comprises the area of the logical page between the
line represented by the value of integer-2 or the data item referenced
by data-name-2 and the line represented by the value of integer-1 or
the data item referenced by data-name-1, inclusive.

The values of integer-1, integer-3, and integer-4, if specified, will
be used when the file is opened by the execution of an OPEN statement
with the OUTPUT phrase to specify the number of lines that comprise
each of the indicated sections of a logical page. The value of
integer-2 or the data item referenced by data-name-2, if specified, is
used at that time to define the footing area. These values are used
for all logical pages written for the file during a given execution of
the program.

The values of data items referenced by data-name-1, data-name-3, and
data-name-4, if specified, will be used as follows:

a. The values of the data items, at the time an OPEN statement with
the OUTPUT phrase is executed for the file, will be used to
specify the number of lines that are to comprise each of the
indicated sections for the first logical page.

b. The values of the data items, at the time a WRITE statement with
the ADVANCING PAGE phrase is executed or page overflow condition
occurs, will be used to specify the number of lines that are to
comprise each of the indicated sections for the next logical

page.
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LINAGE

10.

LINAGE

The value of the data item refercnced by data-name-2, if specified, at
the time an OPEN statement with the CUTPUT phrase is executed for the
file, will be wused to define the footing area for the first locical
page. At the time a WRITE statement with the ADVANCING PAGE phrase is
executed or a page overflow condition occurs, it will be used to
define the footing area for the next logical page.

A LINAGE-COUNTER is generated by the presence of a LINAGE clause. The
value in the LINAGE-COUNTER at any given time represents the line
number at which the device is positioned within the current page body.
Rules governing the LINAGE-COUNTER are as follows:

a. A separate LINAGE-COUNTER is provided for each file described in
the File Section whose FD entry contains a LINAGE clause.

b. The LINAGE-COUNTER may be referenced, but not modified, by
statements in the Procedure Division. Since more than one
LINAGE~-COUNTER may exist in a program, the user must qualify the
LINAGE-COUNTER by the file-name when necessary.

c. The LINAGE-COUNTER is automatically modified, according to the
following rules, during execution of a WRITE statement to an
associated file:

1) ﬂhen the ADVANCING PAGE phrase of the WRITE statement is
specified, the LINAGE-COUNTER is automatically reset to ore.

2) When the ADVANCING identifier-2 or integer phrase of the
WRITE statement is . specified, the LINAGE-COUNTER is
incremented by integer or the value of the data item
referenced by identifier-2.

3) When the ADVANCING phrase of the WRITE statement is not
specified, the LINAGE-COUNTER is incremented by the value of
one,

y) The value of LINAGE-COUNTER is automatically reset to one
whenever the device is repositioned to the first line that
can be written for each of the succeeding logical pages.

d. The value of LINAGE-COUNTER is automatically set to one when an
OPEN statement is executed for the associated file.

Each logical page is contiguous to the next with no additional spacing
provided.
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RECORD CONTAINS CLAUSE

The RECORD CONTAINS clause specifies the size of data records.

General Format:

RECORD CONTAINS [integer‘-1 IQ] integer-2 CHARACTERS

[Dﬁfﬁﬂ_ﬂlﬁﬁ ON data-name-1]

Syntax Rules:

1.

Data-name~1 may be qualified.

General Rules:

1.

The size of each data record is completely defined within the record
description entry; therefore, this clause is never required. When it
is present, however, the following rules apply:

a. Integer-2 cannot be used by itself unless all of the data records
in the file have the same size. In this case, integer-2
represents the exact number of characters in the data record. If
integer-1 and integer-2 are both shown, they refer to the minimum
number of characters in the smallest size data record and the
maximum number of characters in the largest size data record,
respectively. Integer-1 can be zero.

b. The size is specified in terms of the number of character
positions required to store the logical record, regardless of the
types of characters used to represent the items within the
logical record. The size of a record is determined by the sum of
the number of characters in all fixed-length elementary items
plus the sum of the maximum number of characters in any
variable-length table item subordinate to the record. This sum
can be different from the actual size of the record. (Refer to
"USAGE Clause" in Section VI.)

The DEPENDING ON clause cannot be specified when FLR has been
specified.

Data-name-1 must be a numeric integer data item.
The WRITE statement uses the contents of data-name-1 to determine the
size of the record. The READ statement causes the contents of

data-name-1 to contain the size of the record read. Note that any
excess characters in the current record area are not altered.
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5. For ANSI and IBM tape files, the following restrictions must be
observed:

a. For fixed-length record format files, record size must not exceed
8192 characters. -

b. For variable-length record format files, record size must not
exceed 8188 characters.

c. For spanned record format files, record size must not exceed
1,044,480 characters,

d. For unblocked files of ali formats, the minimum allowable record
- size is 18 characters.
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VALUE OF

VALUE OF CLAUSE

The

VALUE OF clause in the FD entry specifies the expected or desired

contents of the file identification and/or retention fields of the file labels.

General Format:

VALUE OF ¢

g data-name-1 9
FILE-ID 1S
literal-1

literal-2

data-name-3
CATALOG~-NAME IS
literal-3

data-name-2
RETENTION IS 4

Syntax Rules:

l 1.

Data-name-1, data-name-2, and data-name-3 should be qualified when
necessary, but cannot be subscripted or indexed, nor can they be items
described with the USAGE IS INDEX clause.

Data-name-1 and data-name-2 must be in the Working-Storage Section,

FILE-ID and RETENTION reference data items within the appropriate
label.

Literal-3 or the contents of the data item referenced by data-name-3
must be nonnumeric. Data-name-3 must be a data description entry in
the Working-Storage Section.

General Rules:

| 1.

2.

10/77

The VALUE OF FILE-ID and the VALUE OF RETENTION clause is meaningful
only for tape files and otherwise serves only for documentation.

FILE-ID specifies the name to be used in labels and 1s meaningful only
with ORGANIZATION IS ANSI, IBM-0S, and IBM-DOS SEQUENTIAL files.
(Refer to the SELECT clause.)

RETENTION specifies the expiration date of a tape file being created.
The value specified by 1literal-2 or the data item referenced by
data-name-2 indicates the minimum number of days the file is to be
retained after its creation date. This value must be an unsigned
numeric data item of no more than three digits.
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VALUE OF

For an input file, the appropriate label routine checks to see if the
value of FILE-ID or RETENTION is equal to the value of either

literal-1 or the data item referenced by data-name-2, whichever has
been specified.

For an output file, at the appropriate time the value of FILE-ID or
RETENTION is made equal to the value of either literal-1 or the data
item referenced by data-name-2, whichever has been specified.

If -TAPE is specified in the SELECT clause, the file is assumed to be
on tape. For tape files, the VALUE OF CATALOG-NAME clause identifies
the volume identification of the tape file.

The VALUE OF CATALOG-NAME clause must be present for all tape files.
For ANSI, IBM, and nonstandard tape, the following holds:

The volume identification specified as the value of literal-1 or the
data item referenced by data-name-3 must be six characters or less in
length. If the VALUE OF CATALOG-NAME is less than six characters and
entirely numeric, it is padded on the left with zeros by the I/0
module. If the VALUE OF CATALOG-NAME is less than six characters and
not entirely numeric, it is padded on the right with blanks.

The VALUE OF CATALOG-NAME clause identifies the segment for virtual
files. Literal-1 or the contents of data-name-3 is the pathname (full
or relative) of the corresponding segment or multisegment file. If it
is not specified, the character-string program-name.internal-file-name
is assuied as the default.
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PROCEDURE DIVISION FOR INPUT/OQUTPUT

CLOSE Statement

The CLOSE statement terminates the processing of reels/units and files,
with optional rewind and/or lock where applicable.

General Format:

REEL WITH NO REWIND
UNIL FOR REMOVAL

CLOSE file-name-1 ‘e

NO REWIND
WITH
LOCK

1. The REWIND phrase must be used only for sequential files.

Syntax Rules:

2. The files referenced 1in the CLOSE statement are not required to have
the same organization or access.

3. The REEL or UNIT phrase must be used only for sequential files.

4, The terms Treel” and Yunit" are synonymous and completely
interchangeable in the CLOSE statement. Treatment of sequential mass
storage files is logically equivalent to the treatment of a file on
tape or analogous sequential media.

General Rules:

1. A file for which the EXTERNAL phrase in the SELECT clause in the
Environment Division 1is specified is known as an external file;
"otherwise, that file is known as an internal file.

2. If the file is internal, the CLOSE statement can be executed only when
the file is 1in open mode. If the file is external, the CLOSE
statement can be issued to the file when it is in open mode or in
closed mode. {(In closed mode the statement is igncred.)

(%]

3. The FOR REMOVAL clause is used for documentation only.

4, The CLOSE statement writes out the present contents of buffers, writes
system labels, and changes the state of the file to closed mode.

10/77 §-39 AS4hA



CLOSE

09/79

CLOSE

Generally, when a STOP RUN statement is executed, any files that are
in open mode are closed. This default action can be modified by the
appropriate parameters on the run_cobol command. Refer to the Multics
COBOL Users' Guide for details.

‘A COBOL CLOSE for non reels/units consists of two separate Multics

functions:

a. A Multics close function, which performs actions such as writing
out contents of buffers, writing labels, and changing the state
of the file to closed.

b. A detach function, which breaks the relationship between the
physical file and the logical file (as described in the source
program).

The file is not detached if the NO DETACH AT CLOSE clause is specified
in the I-0 CONTROL paragraph. Otherwise the file 1is detached if it
was attached by the OPEN statement.

Refer to "Non-Input/Output Errors"™ in Section VII, "Declaratives" in
Section III, and "Input/Output Status" in this section for discussions
of error handling.

For the purpose of showing the effect of various types of CLOSE
statements as applied to various storage media, all files are divided
into the following categories:

[ ] Non-reel/unit. A file whose input or output medium is such that
the concepts of rewind and reels/units have no meaning.
Non-reel/unit files are files contained in the Multies virtual
memeory storage system.

® Sequential single-reel/unit. A sequential file that is entirely
contained on one reel of tape.

[ ] Sequential multi-reel/unit. A sequential file that is contained
on more than cne reel of tape.
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CLOSE

The results of executing each type of close CLOSE for each category of
file are summarized in Table 9-3. Definitions of symbols used in the
table are given below. Where the definition depends on whether the
file is an input, output, or input-output file, alternate definitions
are given; otherwise, a2 definition applies to input, output, and
input-output files.

Table 9-3. Relationship of File Categories
and CLOSE Statement Formats

Fﬁ;g g3§g§§g¥
equentia §equentIaI
CLOSE Statement Format Non-Reel/Unit Single- Multi-
Reel/Unit Reel/Unit

CLOSE H C, G C, G, A
CLOSE WITH LOCK H, E c, G, E C, G, E, &
CLOSE WITH NO REWIND X C, B C, B, A
CLOSE REEL/UNIT ) ¢ X F, I
CLOSE REEL/UNIT

FOR REMOVAL X X F, D, G
CLOSE REEL/UNIT

WITH NO REWIND X X F, B

A - Previous Reels/Units Unaffected

- ¢ All reels/units in the file
prior to the current reel/unit are processed according to the
standard reel/unit Swap procedure. If the current reel/unit is
not the last in the file, the reels/units in the file following
the current one are not precessed.

! All reels/units in the file prior to the current
reel/unit are processed according to the standard reel/unit swap
procedure,

8 = No Rewind of Current Reel

fhe current resl/uait is iect in ite currzat peosition.
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CLOSE

Close File

- : If the file is positioned at
its end and label records are specified for the file, the 1labels
are processed according to the standard label convention. The
behavior of the CLOSE statement when label records are specified
but not present, or when label records are not specified but are
present, 1is undefined. If the file is positioned at its end and
label records are not specified for the file, label processing
does not take place, but other closing operations are executed.
If the file is positioned other than at its end, no ending label
processing ocqurs. ’

OQutput Files: If label records are specified for the file, the
labels are processed according to the standard label convention.
The behavior of the CLOSE statement is wundefined when 1label
records are specified but not present, or when label records are
not specified but are present. If label records are not specified
for the file, label processing does not take place, but other
closing operations are executed.

Reel/Unit Removal

Used for documentation only.

File Lock

The WITH LOCK clause ensures that this file cannot be opened
again during subsequent execution. If the file is internal, it is
locked for the remainder of the run-unit; if the file |is
external, it is locked for the remainder of the process.

Close Reel/Unit

Input Files: The following operations take place:

1. A reel/unit swap

2. The standard beginning reel/unit label procedure is executed.

The next executed READ statement for that file makes the next
data record on the new reel/unit available.

- : The following operations
take place:

1. For output files only, the standard ending reel/unit label
procedure is executed.

2. A reel/unit swap
3., The standard beginning reel/unit label procedure is executed.
For output files, the next executed WRITE statement that

references that file directs the next logical data record to the
next reel/unit of the file.
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11,

12.

13.

14,

15.

CLOSE

G - Rewind
The current reel or analogous device 1is positioned at its
physical beginning.

H -
The present contents of buffers are written out, and the file
state 1is changed to close mode and the corresponding 1/0 switch
is detached, unless otherwise specified in the I-0-CONTROL
paragraph.

I -

The current reel or analogous device 1is positioned at its
physical beginning when the file is next closed.

X - Illegal

This is an illegal combination of a CLOSE option and a file
category. The results at object time are unspecified.

Standard procedures involved in closing a file are described in detail

in Multics Programmers' Manual, Subroutipes under "tape_ansi_" and

"tape_ibm_".

Th: file is automatically closed if it is in the open mode when a STOP
RUN statement is executed, or if the program that initially opened it
is cancelled.

If the OPTIONAL phrase has been specified for the file in the
FILE-CONTROL paragraph of the Environment Division and the file is not
present, the standard end-of-file processing is not performed for that
file.

If a CLOSE statement without the REEL or UNIT phrase has been executed
for a file, no other statement (except the SORT statements with the
USING or GIVING phrases) can be executed that references that file,
either explicitly or implicitly, unless an intervening OPEN statement
for that file is executed.

The WITH NO REWIND and FOR REMOVAL phrases will have no effect at

object time if they do not apply to the storage media on which the
file resides. ‘
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DELETE

DELETE Statement

The DELETE statement logically removes a record from a relative or indexed

file.

General Format:

DELETE file-name RECORD [ ; INVALID KEY imperative-statement ]

Syntax Rules:

1.

General

The INVALID KEY phrase must not be specified for a DELETE :tatement
that references a file in sequential access mode.

The INVALID KEY phrase must be specified for a DELETE statement that
references a file not 1in sequential access mode and for which an

~s s

applicable USE procedure is not specified.

File-name must not be the name of a sequential file.

Rules:

The associated file must be open in the I-0 mode when this statement
is executed. (Refer to the OPEN statement.)

For files in the sequential access mode, the 1last input/output
statement executed for file-name prior to the execution of the DELETE
statement must have been a successfully executed READ statement. The
input/output control system logically removes the record accessed by
that READ stateément from the file.

For a file in the random access or dynamic access mode, the
input/output control system logically removes that record identified
by the contents of the RELATIVE KEY or RECORD KEY data item associated
with file-name from the file. If the file does not contain the record
specified by the key, an INVALID KEY condition exists. Refer to
"Error Processing" at the beginning of this section.

After the successful execution of a DELETE statement, the identified
record has been logically removed from the file and can no longer be
accessed.

The execution of a DELETE statement does not affect the contents of
the record area associated with file-name.

The current record pointer is not affected by the execution of a
DELETE statement.

Execution of a DELETE statement causes the value of the specified FILE
STATUS data item, if any, associated with file-name to be updated.
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OPEN

OPEN Statement

The OPEN statement initiates the processing of files. It also performs
checking and/or writing of labels and other input_output operations.

General Format:

oreu output {file-name-2 [WITH No REWIND] } ...

" 1NPUT {file-name-1 [wITH NO Rewrnp] 3 ... )

4 oo e

1-0 {?ile-name-i} coe
| EXTEND {File-name-4} ... J

Syntax Rules:

General

1.

10/77

The NO REWIND phrase is for documentation purposes only.

The I-0 phrase can be used only for files assigned to mass storage
devices.
The EXTEND phrase can be used only for files with sequential
organization.
The files referenced in the OPEN statement are not required to have
the same organization or access.
The EXTEND phrase must not be specified for multiple file reels.
¢
Rules:
The successful execution of an OPEN statement determines the
availability of the file and results in the file being in an open
mode.
The successful execution of an OPEN statement makes the associated
record area available to the program.
Prior to the successful execution of an OPEN statement for a given
file, no statement that references that file can be executed, either
explicitly or implicitly (except for a SORT or MERGE statement with
the USING or GIVING phrases).
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An OPEN statement must be successfully executed prior to the execution
of any of the permissible input/output statements. 1In Table 9-4, an
'X' at an intersection indicates that the specified statement can be
used with the file organization and access mode given in the leftmost
columns of the row and the open mode given at the top of the column.

Table 9-4, Input/OQutput Statements Permitted
to Follow an OPEN Statement

Q Mode
File File Rel

Organization} Access Statement Input-
Mode Input Output Output |Extend

bl |

READ
Sequential Sequential WRITE X
REWRITE

READ
WRITE X
Sequential REWRITE
Relative START X
DELETE

<

»<l

or READ
WRITE X
Random REWRITE
Indexed START

DELETE

bl |

READ
WRITE X
Dynamic REWRITE
START X
DELETE

><><>-<><><r < ><><><# < 4 B < >4

|

READ
Stream Sequential WRITE X X

The execution of the OPEN statement does not obtain or release the
first data record.

The file description entry for file-name-1, file-name-3, and
file-name-4 must be equivalent to that entry used when this file was
created.

A file may be opened with the INPUT, OUTPUT, EXTEND, and I-0 phrases
in the same program. Following the initial execution of an OPEN
statement for a file, each subsequent OPEN statement execution for
that same file must be preceded by the execution of a CLOSE statement,
without the REEL, UNIT, or LOCK phrase, for that file.
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11.

12.

T4,

CPEN

If label records are specified for the file, the beginning labels are
processed as follows:

a. When the INPUT phrase is specified, the execution of the OPEN
statement causes the labels to be checked in accordance with the
specified conventions for input label checking.

b. When the QUTPUT phrase is specified, the execution of the OPEN
statement causes the labels to be written in accordance with the
specified conventions for output label writing.

When label records are specified but not present, or when label
records are not specified but are present, the OPEN statement
behaves in accordance with standard Multics conventions.

If an input file is designated with the OPTIONAL phrase in its SELECT
clause, the object program causes a check for the presence or absence
of this file. If the file is not present, the first READ statement for
this file causes the AT END condition to occur. (Refer to the READ
statement.)

If the file is assigned to a tape device and the EXTEND phrase is not
specified, execution of the OPEN statemant causes the file to be
positioned at its beginning.

For files being opened with the INPUT or I
statement sets the current record pointer s
currently existing within the file. If no records exist in th
the current record pointer is set so that the next executed
READ statement for the file results in an AT END condition.

0 phrase
the fir

record
file,

the OPEN
he
Format 1

Lt}

o
C

b

The I-0 phrase permits the opening of a file for both input and output
operations. Since this phrase implies the existence of the file, it
cannot be used if the file is being initially created.

When the EXTEND phrase is specified, the OPEN statement positions the
file immediately following the last logical record of that file.
Subsequent WRITE statements that reference the file add records to the
file as though the file is opened with the QUTPUT phrase.

Upon successful execution of an OPEN statement with the OQUTPUT phrase
specified, a file 1is <created. At that time, the associated file
contains no data records. In the case of ANSI and IBM tapes, the user
can modify the specific output mode concerning the creation by wusing

the TAPE-OPTIONS clause ia the I-0=-CONTROL paragraph.

A file that has the EXTERNAL clause in the SELECT clause in the
Environment Division is known as an external file, otherwise the file
is known as an internal file.

Following the initial execution of an OPEN statement for an internal
file, each subsequent OPEN statement for that same file must be
preceded by the execution of a CLOSE statement for that file. (The
OPEN and CLOSE statements must be in the same progran.)

If the file is an external file, the OPEN, CLOSE and other
input/output statements can all be in different programs within the
run=-unit.



19.

20.

09/79

OPEN

A COBOL OPEN consists of two separate Multics functions:

a. A Multies ATTACH function, which establishes the relationship
between the physical file and the logical file (as described in
the source program).

b. A Multics OPEN function, which performs actions such as setting
pointers and changing the state of the file to open.

A file can be attached by:

a. Invoking the Multics io_call command, or by a CALL to the io_call
subroutine. Refer to the Multics Programmers' Manual, Reference
Guide, Order No. AG91 or the Multics COBOL Users' Guide, Order
No. AS43.

b. The successful execution of an OPEN statement in a COBOL program.
When the EXTEND phrase is specified and the label RECORDS clause
indicates 1label records are present, the execution of the OPEN
statement includes the following steps:

a. The beginning file labels are processed only in the case of a
single reel/unit file.

b. The beginning reel/unit labels on the last existing reel/unit are
processed as though the file was being opened with the INPUT
phrase.

S c. The existing ending file labels are processed as though the file

is being opened with the INPUT phrase. These labels are then
deleted.

d. Processing then proceeds as though the file had been opened with
the OUTPUT phrase.

A PREATTACHED file must be attached before the OPEN statement is
executed.
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22.

23.

09/79

When a COBOL OPEN is executed, rules for external files are:

a. Each program in the run-unit that references an external file has
its own record area.

b. Each program in the run-unit that references an external file has
its own status keys.

c. There is only one LINAGE-COUNTER for any external file.

Refer to "Non-Input/Qutput Errors” in Section VII, "Declaratives" in
Section III, and "Input/Output Status™ in this section for discussions
of error handling.

Standard procedures for handling labels upon opening the file are
described in detail in Multies Programmers' Manual, Subroutines under
"tape_ansi_" and "tape_ibm_".
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READ Statement

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 structured file.

Format Sequential Access Files):

READ file-name [ NEXT ] RECORD [ INTO identifier ]
[ ; AT END imperative-statement ]

Format 2 (Random Acces

READ file-name RECORD [ INTQ identifier ]
E ; KEY IS data-name ]

[ ; INVALID KEY imperative-statement ]
Syntax Rules:

1. The INTO phrase must not be used when the input file contains logical
records of various sizes as indicated by their record descriptions.
The storage area associated with identifier and the record area
associated with file-name must not be the same storage area.

2. Format 1 must be used for all files in the sequential access mode.

(O}
.

in the dynamic access

The NEXT phrase must be specified for files L
sequentially.

rnode, when records are to be retrieved

4, Format 2 is used for files in the random access mode or for files in
the dynamic access mode when records are to be retrieved randomly.

5. The INVALID KEY phrase or the AT END phrase must be specified if no
applicable USE procedure is specified for file-name.

&. Data-name must be the name of the data item specified as the record
key associated with file-name.

7. Data-name can be qualified.
8. The KEY phrase can be specified only for indexed files.

S. For sequential files or stream files the NEXT phrase is optional, and
has no effect on the execution of the READ statement.
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READ

General Rules:

01779

The associated files must be open in the INPUT or 1I-0 mode when this
statement is executed. (Refer o the OPEN statement.)

The record to Dbe made available by a Format 1 READ statement is
determined as follows:

a. The record, pointed to by the current record pointer, is made
available provided that the current record pointer was positioned
by the START or OPEN statement and the record is still accessible
through the path indicated by the current record pointer. If the
record is no longer accessible, possibly due to the deletion of
the record or a change in an alternate record key, the current
record pointer is updated to point to the next existing record
within the established key of reference; and that record is then
made available.

b. If the current record pointer was positioned by the execution of
a previous READ statement, the current record pointer is updated
to point to the next existing record in the file with the
established key of reference and that record 1is then made
available.

The execution of the READ statement causes the value of the FILE
STATUS data item, if any, assoeiated with file-name to be updated.

If the READ 1is suceessful, the logical record is available to the
object program prior to the execution of any statement following the
READ statement.

When the 1logical records of a file are desecribed with more than one
ManArmA AasAarmintdan "hl\sh mamnrarmAg andamatrdAaalley ahoma +hha aamaea abAanaca
1 ToUI U NMT Ol .Lyu.l.uu, Vi< < I TOYUl Uo au uUluau.LwGL;y Lilaln © wilT & ame =AY GSC
area; this is equivalent to the implicit redefinition of the area.
The contents of any data items which 1lie beyond the range of the
current data record are not disturbed at the completion of the

execution of the READ statement.

If the INTO phrase is specified, the record being read is moved from
the record area to the area specified by identifier according to the
rules specified for the MOVE statement without the CORRESPONDING
phrase. The implied MOVE does not occur if the execution of the READ
statement is unsuccessful. Any subseripting or indexing assoeciated
Wwith identifier is evaluated after the record is read and immediately
before it is moved to the data item.

When the INTO phrase is used, the record being read is available in
both the input record area and the data area associated with
identifier.

If, at the time of exeeution of a Format 1 READ statement, the

position of the current record pointer for that file is undefined, the
execution of that READ statement is unsuccessful.
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10.

11.

12.

13.

14.

15.

16.

01779

READ

When the AT END condition is recognized, the following actions are
ta en in the specified order:

a. A value 1is placed into the FILE STATUS data item, if specified
for this file, to indicate an AT END condition.

b. If the AT END phrase is specified in the statement causing the
rondition, control is transferred to the AT END
imperative-statement. Any USE procedure specified for this file
is not executed.

c. If the AT END phrase is not specified, then a USE procedure must
be specified for this file, and that procedure is executed.

When the AT END condition occurs, execution of the input/output
statement that caused the condition is unsuccessful.

If at the time of the execution of a Format 1 READ statement no next
logical record exists in the file, the AT END condition occurs, and
the execution of the READ statement is considered unsuccessful.

Following the unsuccessful execution of any READ statement, the
contents of the associated record area and the position of the current
record pointer are undefined. For indexed files, the key of reference
is also undefined.

When the AT END condition has been recognized, a Format 1 READ
statement for that file must not be executed without first executing
one of the following:

a. A  successful CLOSE statement followed by the execution of a
successful OPEN statement for that file.

b. A suceessful START statement for that file.
c. A successful Format 2 READ statement for that file.

For a file for which dynamic access mode is specified, a Format 1 READ
statement with the NEXT phrase specified retrieves the next logical
record from that file as described in general rule 2.

For an 1indexed file being sequentially accessed, records having the
same duplicate value in an alternate record key which is the key of
reference are made available in the same order in which they are
released by execution of the WRITE statements, or by execution of
REWRITE statements which create such duplicate values.

For an indexed file if the KEY phrase is specified in a Format 2 READ
statement, data~name 1is established as the key of reference for the
retrieval. If the dynamic access mode 1is specified, this key of
reference is also used for retrievals by any subsequent executions of
Format 1 READ statements for the file until a different key of
reference is established for the file.

If the KEY phrase is not specified in a Format 2 READ statement, the
prime record key is established as the key of reference for tne
retrieval. If the dynamic access mode is specified, this key of
reference is also used for retrievals by any subsequent executions of
Format 1 READ statements for the file until a different key of
reference is established for the file.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

01779

READ

If the RELATIVE KEY phrase is specified in the SELECT statement, the
execution of a Format 1 READ statement wupdates the contents of the
RELATIVE KEY data item such that it contains the relative record
number of the record made available,

The execution of a Format 2 READ statement for a relative file sets
the current record pointer to, and makes available, the record whose
relative record number is contained in the data item named in the
RELATIVE KEY phrase for the file. If the file does not contain. suech a
record, the INVALID KEY condition exists and the execution of the READ
statement is unsuccessful. Refer to "Error Processing"™ at the
beginning of this section.

For an indexed file, execution of a Format 2 READ statement causes the
value of the key of reference to be compared with the value contained
in the corresponding data item of the stored records in the file,
until the first record having an equal value is found. The current
record pointer is positioned to this reecord, which is then made
available. If no record can be so identified, the INVALID KEY
condition exists and execution of the READ statement is unsuccessful.

If the DEPENDING ON clause is specified (when this file is written) in
the OCCURS clause, records can vary in length. It is the user's
responsibility to determine the actual record length when the records
are read.

Refer to the RECORD CONTAINS ... DEPENDING ON clause earlier in this
section for additional information on records that can vary in size.
After a READ, identifier-1 of the RECORD CONTAINS clause has its
contents updated to reflect the size of the record read.

Records in files with stream organization are delimited by a newline
character. This character is not transferred as part of the record.

Refer to "Non-Input/Output Errors" in Section VII, "Deeclaratives" in
Section III and "Input/Output Status" in this section for discussions
of error handling.

If the end of a reel or unit is recognized during execution of a READ
statement and the 1logical end of file has not been reached, the
following operations are executed:

a. The standard ending reel/7unit label procedure.

b. A reel/unit swap.
c. The standard beginning reel/unit label procedure.
d. The first data record of the new reel/unit is made available.

If a file described with the OPTIONAL phrase is not present at the
time the file is opened, then at the time of execution of the first
READ statement for the file, the AT END condition occcurs and execution

of the READ statement is wunsuccessful. The standard end-of-file
procedures are not performed. (Refer to "FILE~CONTROL Paragraph,"
"OPEN Statement,”™ "USE Statement,"” and "Input/Output Status" in this

section.) Execution of the program then proceeds as specified in
general rule 12.

Standard procedures for handling labels wupon opening the file are
described in Section V of the MPM Peripheral Input/Output, Order No.
AX49 under "tape_ansi " and "tape_ibm ".
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REWRITE Statement

The REWRITE statement logically replaces a record existing in a file.

General Format:

REWRITE record-name [FROM identif‘ier'] [; INVALID KEY imperative-statement]

Syntax Rules:

1. Record-name and identifier must not refer to the same storage area.

2. Record-name is the name of a logical record in the File Section of the
Data Division and can be qualified.

3. The INVALID KEY phrase must not be specified for a REWRITE statement
which references a relative file in the sequential access mode, or a
sequential file.

4, The INVALID KEY phrase must be specified in the REWRITE statement for
files in the random or dynamic access mode for which an appropriate
USE procedure is not specified.

General Rules:

1. The file associated with record-name must be a structured file and
must be open in the I-0 mode when this statement is executed. (Refer
to the OPEN statement.)

2. For files in the sequential access mode, the 1last input/output
statement executed for the associated file prior to the execution of
the REWRITE statement must have been a successfully executed READ
statement. The 1input/output control system logically replaces the
record accessed by the READ statement.

3. The number of character positions in the record referenced by
record-name must be equal to the number of character positions in the
record being replaced.

4, The logical record released by a successful execution of the REWRITE
statement 1is no 1longer available in the record area unless the
associated file is named in a SAME RECORD AREA clause, in which case
the 1logical record is available to the program as a record of other
files appearing in the same SAME RECORD AREA clause as the associated
I-0 file, as well as to the file associated with record-name.
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10.

ii.

12.

01779

REWRITE

The execution of a REWRITE statement containing a FROM phrase is
equivalent to the execution of the statement

MOVE identifier TO record-name

followed by the execution of the same REWRITE statement without the
FROM phrase. The contents of the record area prior to the execution
of the implieit MOVE statement have no effect on the execution of the
REWRITE statement.

The current record pointer is not affected by the execution of a
REWRITE statement.

The exeecution of the REWRITE statement causes the value of the FILE
STATUS data item, if any, associated with file-<name to be updated.

For a relative file accessed in either the random or dynamiec access
mode, the input/output control system logically replaces the record
specified by the contents of the RELATIVE KEY data item associated
with the file. If the file does not contain the record specified by
the key, the INVALID KEY econdition exists. The updating operation
does not take place and the data in the record area is unaffected.
Refer to "Error Processing" at the beginning of this section.

For an indexed file in the sequential access mode, the record to be
replaced is specified by the value contained in the prime record key.
When the REWRITE statement is executed, the value contained in the
prime record key data item of the record to be replaced must be equal
to the value of the prime record key of the last record read from this
file.

For an indexed file in the random or dynamic access mode, the record
to be replaced is specified by the prime record key data item.

The contents of alternate record key data items of the record being
rewritten may differ from those in the record being replaced. The
input/output control system utilizes the contents of the record key
data items during the execution of the REWRITE statement in such a way
that subsequent access of the record may be made based on any of those
specified record keys.

For an indexed file, the INVALID KEY condition exists when:

a. The access mode 1is sequential and the value contained in the
prime record key data item of the record to be replaced is not
equal to the value of the prime record key of the last record
read from this file.

b. The value contained in the prime record key data item does not
equal that of any record stored in the file.

e. The value contained in an alternate record key data item for
whieh a DUPLICATES clause has not been specified, is equal to
that of a record already stored in the file.

The updating operation does not take place and the data in the record
area is unaffected.
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START Statement

The START statement provides a basis for 1logical positioning within a
relative or indexed file, for subsequent sequential retrieval of records.

General Format:

IS EQUAL TO

START file-name KEY IS GREATER THAN data-name
IS >
IS NOT LESS THAN
IS NOT <

[ s INVALID KEY imperative-statement ]

NOTE: The required relational character '=' 1is not underlined to
avoid confusion with other symbols.

Syntax Rules:

1. File-name must be the name of a relative or indexed file with
sequential or dynamic access.

2. Data-name can be qualified.

3. The INVALID KEY phrase must be specified if no applicable USE
procedure is specified for file-name.

y, If file-name is the name of a relative file, data-name, if specified,
must be the data item specified in the RELATIVE KEY phrase of the
associated file control entry.

5. If file-name is the name of an indexed file, and if the KEY phrase is
specified, data-name can reference a data item specified as a record
key associated with file-name, or it can reference any data item of
category alphanumeric subordinate to the data-name of a data itenm
specified as a record key associated with file-name whose 1leftmost
character position corresponds to the leftmost character position of
that record key data iten.
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START

General Rules:

01779

File~name must be open in the INPUT or I«0 mode when the START
statement is executed. {Refer to the OPEN statement.)

If the KEY phrase is not specified, the relational operator IS EQUAL
TO is implied.

For a relative file, the type of comparison specified by the
relational operator in the KEY phrase occeurs between a key associated
with a record in the file referenced by file-name and the data item
referenced by the RELATIVE KEY clause associated with file-name.

a. The current record pointer is positioned to the first logiecal
record currently existing in the file whose key satisfies the
eomparison.

b. If the comparison is not satisfied by any record in the file, an
INVALID KEY condition exists, the execution of the START
statement is unsuccessful, and the position of the current record
pointer is undefined.

For an indexed file, the type of comparison specified by the
relational operator in the KEY phrase occurs between a key associated
with a record in the file referenced by file-name and a data item as
specified 'in general rule 5. If the operands are of unequal size,
comparison proceeds as though the longer one is truncated on the right
so that its 1length is equal to that of the shorter. All other
nonnumeric comparison rules apply except that the presence of the
PROGRAM COLLATING SEQUENCE phrase will have no effect on the
comparison (ASCII is always used).

a. The current record pointer is positioned to the first logiecal
record currently existing in the file whose key satisfies the
comparison,

b. If the comparison is not satisfied by any record in the file, an
INVALID KEY condition exists, the execution of +the START
statement is unsuccessful, and the position of the ecurrent record
pointer is undefined.

For an indexed file, if the KEY phrase is specified, the comparison
described in general rule 3 wuses the data item referenced by
data-name. If the KEY phrase is not specified, the comparison
described in general rule 3 uses the data item referenced in the
RECORD KEY clause assoeciated with file-name.

Upon completion of the successful execution of the START statement, a
key of reference is established and in subsequent Format 1 READ
statements:

a. If the KEY phrase is not specified, the prime record key
specified for file-name becomes the key of reference

b. If the KEY phrase is specified, and data-name is specified as a

record key for file-name, that record key becomes the key of
reference.
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01779

c. If the KEY phrase is specified, and data-name is not specified as
a record key for file~name, the record Kkey whose leftmost
character position corresponds to the leftmost character position
of data item specified by data-name, becomes the key of

£ a
reierence.

The execution of the START statement causes the value of the FILE
STATUS data item, if any, associated with file-~name to be updated.

For an indexed file, if the execution of the START statement is not
successful, the key of reference is undefined.
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USE Statement

The USE statement specifies procedures for input/output error handling that
are in addition to the standard procedures provided by the input/output control
system.

General Format:

file-name-1 [, file-name-2 ] .

EXCEPTION INPUT
USE AFTER STANDARD : PROCEDURE ON § OUTPUT
ERROR I-0
EXTEND

Syntax Rules:

1. When present, a USE statement must immediately follow a section header
in the declarative section and must be followed by a period followed
by a space. The remainder of the section must consist of =zero, one,
or more procedural paragraphs that define the procedures to be used.

2. The USE statement itself is never executed; it merely defines the
conditions calling for the execution of the USE procedures.

3. The same file-name may not appear in more than one USE procedure.

y, The words ERROR and EXCEPTION are synonymous and may be used
interchangeably.

5. The files explicitly or implicitly referenced in a USE statement are
not all required to have the same organization or access.

6. Conditions may arise when a choice must be made between the execution
of one of two USE procedures. The procedure specified by file-name
shall prevail.

General Rules:

1. The designated procedures are executed by the input/output system
after completing the standard input/output error routine, or upon
recognition of the INVALID KEY or AT END conditions, when the INVALID
key phrase or AT END phrase, respectively, is not specified in the
input/output statement.

2. After the execution of a USE procedure, control is returned to the
next executable statement after the I/0 statement. A USE procedure is
executed by the logical equivalent of a PERFORM.

3. A GO TO or a PERFORM from a declarative either to another declarative
or %to the nondeclarative portion of the program is allowed. An
observation diagnostic is issued.

y, A GO TO from a nondeclarative to a declarative causes a fatal

diagnostic to be issued. A PERFORM from a nondeclarative to a
declarative is allowed; no diagnostic is issued.
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WRITE Statement

The WRITE statement releases a logical record for an output file. Tt can
also be used for vertical positioning of lines within a logical page.

Format 1:

WRITE

Format

1

2:

(Sequential Files)

record-name | FROM identifier-1 ]

BEFORE identifier-2 LINE
ADVANCING
AFTER integer LINES
{mnemonic-name } .
PAGE

3 END-OF -PAGE
; AT imperative-statement-1

WRITE record-name [ FROM 1identifier-1 ]

[ ; INVALID KEY imperative-statement-2 ]

Syntax Rules:

09/79

Record-name and identifier-1 must not reference the same storage area.
When a mnemonic-name is specified, the name is associated with a
particular feature of a hardware device and must be defined by the
SPECIAL-NAMES paragraph of the Environment Division.

The record-name is the name of a logical record.in the File Section of
the Data Division and may be qualified.

The ADVANCING phrase may be used only if record-name is associated
with a sequential file or stream file.

When identifier-2 is used in the ADVANCING phrase, it must be the name
of an elementary unsigned integer data item.

If the END-OF-PAGE phrase 1is specified, a LINAGE clause must be
specified by the FD entry of the associated file. .
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10.

1.

WRITE

The words END-OF-PAGE and EOP are equivalent.

The ADVANCING mnemonic-name phrase cannot be specified if the FD entry
for the associated file contains a LINAGE clause.

Integer or the value of the data item referenced by identifier-2 can
be zero but not more than 120.

The INVALID KEY phrase must not be specified if record-name is
associated with a sequential file.

The INVALID KEY phrase must be specified if an applicable USE
procedure 1is not specified for the associated relative or indexed
file.

The associated file must be open in the QUTPUT, I-0, or EXTEND mode
when the WRITE statement is executed. (Refer to the OPEN statement.)

The logical record released by the execution of the WRITE statement is
no longer available in the record area unless the associated file |is
named in a SAME RECORD AREA clause or the execution of the WRITE
statement was unsuccessful due to an invalid key condition or a
boundary violation. The logical record is also available to the
program as a record of other files referenced in the same SAME RECORD
AREA clause as the associated output file, as well as to the file
associated with record-name.

The result of the execution of a WRITE statement containing a FROM
phrase is equivalent to the execution of the statement

MOVE identifier-1 TO record-name

according to the rules specified for the MOVE statement without the
corresponding phrase, followed by the same WRITE statement without the
FROM phrase.

The contents of the record area prior to the execution of the implicit
MOVE statement have no effect on the execution of this WRITE
statement.

After execution of the WRITE statement is complete, the information in
the area referenced by identifier-1 is available, even though the
information in the area referenced by record-name may not be. (Refer
to general rule 2.)

The current record pointer is unaffected by the execution of a WRITE
statement.

The execution of the WRITE statement causes the value of the FILE
STATUS data item, if any, associated with the file to be updated.

The maximum record size for a file is established at the time the file
is created and must not subsequently be changed.
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10.

11.

12.

13.

14,

All Files

1.

01779

WRITE

The number of character positions on a mass storage device required to
store a logieal record in a file may or may not be equal to the number
of character positions defined by the 1logical description of that
record in the program.

The execution of the WRITE statement releases a logical record to the
input/output control system.

If the DEPENDING ON phrase is specified in the OCCURS clause, only the
number of ocecurrences specified in the data~name are written (plus the
fixed portion of the record, if specified).

The contents of identifier-<1 of the RECORD DEPENDING ON clause,
immediately before execution of the WRITE, is used to determine the
number of characters written out. Refer to the RECORD CONTAINS ...
DEPENDING ON clause earlier in this section.

After the recognition of an end-of-reel or an end=of-unit of an output
file that is contained on more than one physical reel/unit, the WRITE
statement performs the following operations:

a. The standard ending reel/unit label procedure

b. A reel/unit swap

c. The standard beginning reel/unit label procedure

Standard procedures for handling labels wupon opening the file are

described in detail in Multics Programmers' Manual, Subroutines under
"tape_ansi_" and "tape_ibm_".

The mnemonic~name specified must have been defined in the
SPECIAL=-NAMES paragraph as associated with either HOF or CHANNEL-m.

For an indexed file or a relative file the INVALID KEY phrase must be
specified if an applicable USE procedure is not specified for the
associated file.

The logical record released by the execution of the WRITE statement is
no longer available in the record area unless the associated file is
named in a SAME RECORD AREA clause, or the execution of the WRITE
statement was unsuccessful due to a boundary violation or an INVALID
KEY condition. The logical record is also available to the program as
a record of other files referenced in the same SAME RECORD AREA clause
as the assoclated output file, as well as to the file associated with
record-name.

The results of the execution of the WRITE statement with the FROM
phrase is equivalent to the execution of the statement:

MOVE identifier-«1 TO record-name

according to the rules specified for the MOVE statement, followed by
the same WRITE statement without the FROM phrase.
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WRITE

The contents of the record area prior to the execution of the implicit
MOVE statement have no effect on the execution of this WRITE

e vavenell via v VLD Wiik i L

statement.

After execution of the WRITE statement is complete, the information in
the area referenced by identifier-1 1is available, even though the
information in the area referenced by record-name may not be. (See
rule 1 above.)

The current record pointer is unaffected by the execution of a WRITE
statement.

The execution of the WRITE statement causes the value of the FILE
STATUS data item, if any, associated with the file to be updated.

The execution of the WRITE statement releases a logical record to the
operating system.
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Sequential and Stream Files:

1.

Both the ADVANCING and END-OF-PAGE phrases allow control of the
vertical positioning of each 1line on a representation of a printed
page. If the ADVANCING phrase is not wused, automatic advancing 1is
provided as if the user had specified AFTER ADVANCING 1 LINE. If the
ADVANCING phrase is used, advancing is provided as follows:

a. If identifier-2 is specified, the representation of the printed
page 1is advanced the number of lines equal to the current value
associated with identifier-2.

b. If integer-is specified, the representation of the printed page
is advanced the number of lines equal to the value of integei.

c. If mnemonic-name is specified, it must be associated with the
implementor-name HOF in the SPECIAL-NAMES paragraph. If
specified, the representation of the printed page is advanced to
the next head of form.

d. If the BEFORE phrase is used, the line is presented before the
representation of the printed page is advanced according to rules
a and b above.

e. If the AFTER phrase is used, the 1line is presented after the
representation of the printed page is advanced according to rules
a and b above.

f. If PAGE is specified, the record is presented on the logical page
before or after (depending on the phrase used) the device is
repositioned to the next logical page. If the record to be
written is associated with a file whose file description entry
contains a LINAGE clause, repositioning is to the first line that
can be written on the next logical page as specified in the
LINAGE clause. If the record to be written is associated with a
file whose file description entry does not contain a LINAGE
clause, repositioning to the next logical page is accomplished in
accordance with an implementor-defined technique. If page has no
meaning in conjunction with a specific device, advancing will be
provided by the implementor to act as if the user had specified
BEFORE or AFTER (depending on the phrase used) ADVANCING 1 LINE.

When an attempt 1is made to write beyond the externally defined
boundaries of a sequential or stream file, an exception condition
exists and the contents of the record area are unaffected. The
following action takes place:

a. The value of the FILE STATUS data item, if any, of the associated
file is set to a value indicating a boundary violation. Refer to
"Input/Output Status" at the beginning of this section.

b. If a USE AFTER STANDARD EXCEPTION declarative 1is explicitly or
implicitly specified for the file, that declarative procedure is
then executed.

C. If a USE AFTER STANDARD EXCEPTION declarative is not explicitly
or 1implicitly specified for the file, the error is reported to
the error_output I/0 switch, and control returns to command
level.
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When a WRITE is executed, a newline character is appended to the
record. This character is part of the record on the file, but is not
returned via a READ. Thus, the user must not place newline characters
in the record area.

If the logical end of the representation of the printer page is
reached during execution of a WRITE statement with the END-OF-PAGE
option, the imperative statement following END-OF-PAGE is executed.
The logical end of a page is specified by the LINAGE clause associated
with the record-name.

An end-of-page condition is reached whenever the execution of a given
WRITE statement with the END-OF-PAGE phrase causes printing or spacing
within the footing area of a page body. This occurs when the
execution of such a WRITE statement causes the LINAGE-COUNTER to equal
or exceed the value specified by integer-2 or the data item referenced
by data-name-2 of the LINAGE clause, if specified. In this case, the
WRITE statement is executed, and then the imperative statement in the
END-QOF-PAGE phrase is executed.

An automatic page overflow condition is reached whenever the execution
of a given WRITE statement {with or without an END-OF-PAGE phrase)
cannot be fully accommodated within the current page body. This
occurs when a  WRITE statement, if executed, would cause the
LINAGE-COUNTER to exceed the value specified by integer-1 or the data
item referenced by data-name-1 of the LINAGE clause. In this case,
the record is presented on the logical page before or after (depending
on the phrase used) the device is repositioned to the first line that
can be written on the next logical page as specified in the LINAGE
clause. The imperative statement in the END-QF-PAGE <clause, if
specified, is executed after the record is written and the device has
been repositioned.

If integer-2 or data-name-2 of the LINAGE clause is not specified, no
end-of-page condition distinct from the page overflow condition is
detected. In this case, the end-of-page condition and page overflow
condition occur simultaneously.

If integer-2 or data-name-2 of the LINAGE clause is specified, but the
execution of a given WRITE statement would cause LINAGE-COUNTER
simultaneously to exceed the value of both integer-2 or the data item
referenced by data-name-2 and integer-1 or the data item referenced by
data-name-1, the operation proceeds as if integer-2 or data-name-2 had
not been specified.
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Relative Files:

1.

When a relative file is opened in the output mode, records can be
placed into the file using one of the following procedures:

a. If the access mode is sequential, the WRITE statement causes a
record to be released to the input/output control system. The
first record has a relative record number of one (1) and
subsequent records released have relative record numbers of 2, 3,
4, ... . 1If the RELATIVE KEY data item is specified in the file
control entry for the associated file, the relative record aumber
of the record just released is placed into the RELATIVE KEY data
item by the input/output control system during execution of the
WRITE statement.

b. If the access mode is random or dynamic, prior to the execution
of the WRITE statement, the value of the RELATIVE KEY data item
must be initialized in the program with the relative record
number to be associated with the record in the record area. That
record is then released to the input/output control system by the
execution of the WRITE statement.

When a relative file is opened in the I-0 mode and the access mode 1is

random or dynamic, records are to be inserted in the associated file.

The value of the RELATIVE KEY data item must be initialized by the

program with the relative record number to be associated with the

record in the record area. The execution of a WRITE statement then

causes the contents of the record area to be released to the.
input/output control system.

The INVALID KEY condition exists under the following circumstances:

a. When the access mode is random or dynamic, and the RELATIVE KEY
data item specifies a record that already exists in the file.

b. When an attempt i1s made to write beyond the externally defined
boundaries of the file.
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Indexed Files:

1.

The value of the prime record key must be unique within the records in
the file.

The data item speecified as the prime record key must be set by the
program to the desired value prior to the execution of the WRITE
statement.

If the sequential access mode is specified for the file, records must
be released to the input/output control system in ascending order of
prime record key values.

If the random or dynamic access mode is specified, records can be
released to the input/output control system in any program specified
order.

The INVALID KEY condition exists under the following circumstances:

a. When the sequential access mode is specified for a file opened in
the output mode, and the value of the prime record key is not
greater than the value of the prime record key of the previous
record.

b. When the file is opened in the output or I«0 mode, and the value
of the prime record key is equal to the value of a prime record
key of a record already existing in the file.

c. When the file is opened in the output or I-«0 mode, and the value
of an alternate record key, for which duplicates are not allowed,
equals the corresponding data item of a record already existing
in the file.

d. When an attempt is made to write beyond the externally defined
boundaries of the file.

When the ALTERNATE RECORD KEY clause is specified in the file control
entry for an indexed file, the value of the alternate record key may
be non-unique only if the DUPLICATES phrase is specified for that data
item. In this ease the input7output control system provides storage
of records such that when records are accessed sequentially, the order
of retrieval of those records is the order in which they were written.

Indexed and Relative Files:

01779

When the INVALID KEY eondition is recognized, the execution of the
WRITE statement is wunsuccessful, the contents of the record area are
unaffected, and the FILE STATUS data item, if any, of the associated
file is set to a value indicating the cause of the condition. The
execution of the program proceeds as stated under Input/Output Status

at the beginning of this section.
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SECTION X

SORT-MERGE

DESCRIPTION OF SORT-MERGE

The sort-merge feature in Multies COBOL provides the capability to order
one or more files of records, or to combine two or more identically ordered
files of records, according to a set of user-specified keys contained within
each record. Optionally, a user may apply some special processing to each of
the individual records by input or output procedures. This special processing
may be applied before and/or after the records are ordered by the sort or after
the records have been combined by the merge.

Record Ordering

The ability to arrange records into a particular order is a common

requirement of a data processing user. The sort and merge features of COBOL
provide facilities to assist in meeting this requirement.

While both are concerned with record ordering, the functions and
capabilities of the SORT and MERGE statements are different in a number of
respects. The SORT statement produces an ordered file from one or more files
that may be completely unordered in the sort sequence, whereas the MERGE
statement can only produce an ordered file from two or more files, each of which
is already ordered in the specified sequence.

In many applications, it is necessary to apply some special processing to
the contents of the sort or merge file(s) before or after sorting or merging.
This special processing may consist of addition, deletion, creation, altering,
editing, or other modification of the individual records in the file. The COBOL
sort-merge feature allows the user to express these procedures in the COBOL
language. A COBOL program may contain any number of sorts and merges, and each
of them may have its own independent special procedures. The sort-merge feature
automatically causes execution of these procedures in such a way that extra
passes over the sort or merge files are not required.

Relationship with File Input-Output

The files specified in the USING and GIVING phrases of the SORT and MERGE
statements must be described explicitly or implicitly 1in the FILE-CONTROL
paragraph as having sequential organization. No input-output statement may be
executed for the file named in the sort-merge file description.
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ENVIRONMENT DIVISION FOR SORT-MERGE - INPUT-OUTPUT SECTION

FILE-CONTROL Paragraph

The FILE-CONTROL paragraph for sort-merge names each file and allows
specification of other file-related information.

General Format:

FILE-CONTROL. (fue-control-entry}

File Control Entry

The file control entry names a sort or merge file and specifies the
association of the file to a storage device.

General Format:

SELECT file-name ASSIGN TO internal-file-name,

Syntax Rules:

1. Each sort or merge file described in the Data Division must be named
once, and only once, as file-name in the FILE-CONTROL paragraph. Each
sort or merge file specified in the file control entry must have a
sort-merge file description entry in the Data Division.

2. Since file-name represents a sort or merge file, only the ASSIGN
clause is permitted to follow file-name in the FILE-CONTROL paragraph.

3. Internal-file-name can contain from 1 to 16 ASCII graphic characters.
The blank, minus (or hyphen), and leading or trailing period
characters cannot be part of the internal-file-name.

General Rule:

1. The internal-file-name is for documentation purposes only.



:=0-CONTROL

I-0-CONTROL

I-0-CONTROL Paragraph

The I-0-CONTROL paragraph for sort-merge specifies the memory area that i
to be shared by different files. Y 3 e s

General Format:

p

-

Syntax

10/77

1-0-CONTROL.

RECORD

; SAME ¢ SORT AREA FOR file-name-1 file-name-2 p ...
= Eﬂ-nsnce} ¢ )

Rules:

The I-0-CONTROL paragraph for sort-merge is optional.
In the SAME AREA clause, SORT and SORT-MERGE are equivalent.

If the SAME SORT AREA or SAME SORT-MERGE AREA clause is used, at least
one of the file~-names must represent a sort or merge file. Files that
do not represent sort or merge files may also be named in the clause.

The three formats of the SAME clause (SAME RECORD AREA, SAME SORT
AREA, SAME SORT-MERGE AREA) are considered separately in the
following:

More than one SAME clause may be included in a program. However:

a. A file-name must not appear in more than one SAME RECORD AREA
clause.

b. A file-name that represents a sort or merge file must not appear
in more than one SAME SORT AREA or SAME SORT-MERGE AREA clause.

c. if a file-name +that does not represent a sort or merge file
appears in a SAME AREA clause and in one or more SAME SORT AREA
or SAME SORT-MERGE AREA clauses, all of the files named in that
SAME AREA clause must be named in that SAME SORT AREA or SAME
SORT-MERGE AREA clause(s). Refer to the I-O-CONTROL paragraph in
Section IX, File Input-Output. ’

The files referenced in the SAME SORT AREA, SAME SORT-MERGE AREA, or

SAME RECORD AREA clause are not all required to have the same
organization or access.
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General Rules:
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1.

The SAME RECORD AREA clause specifies that two or more files are to
use the same memory area for processing the current logical record.
All of the files may be open at the same time. A logical record in
the SAME RECORD AREA is considered as a logical record of each opened
output file whose file-name appears in this SAME RECORD AREA clause
and of the most recently read 1input file whose file-name appears in
this SAME RECORD AREA clause. This is equivalent to implicit
redefinition of the area; that is, records are aligned on the leftmost
character position.

If the SAME SORT AREA or SAME SORT-MERGE AREA clause is used, at least
one of the file-names must represent a sort file or a merge file.

Files that do not represent sort or merge files may also be named in
the clause.
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DATA DIVISION FOR SORT-MERGE

File Section for Sort-Merge

An SD file description is used-to provide information about the size and
the names of the data records associated with the file to be sorted or merged.
There are no label procedures that the user can control, and the rules for
blocking and internal storage are peculiar to the SORT and MERGE statements.

File Description - Complete SD Entry Skeleton

The sort-merge file description furnishes information concerning the

physical structure, identification, and record-names of the file to be sorted or
merged.

General Format:

SD file-name

- rnsconn IS '1 .
Daza Lasconos ARE J :

Y Yy L 3
ava=pame= 1

r ... __.__.1 1
L » data-name-2 j ... J

RECORD CONTAINS [integer—‘l 19] integer-2 CHARACTERS

-e

[ bEPENDING ON data-name-3 ] ] :

Syntax Rules:
1. The level indicator SD identifies the beginning of the sort-merge file
description and must precede the file-name.

2. The clauses that follow the name of the file are optional and their
order of appearance is not significant.

3. One or more record description entries must follow the sort-merge file
description entry. However, no