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PREFACE

This manual describes the Compact Interactive Standard COBOL (COBOL INT)
language for programming microcomputers. COBOL TNT is based on the ANSI
COBOL standard X3.23 (1974) (see Acknowledgement). 1t also describes the
additional COBOL TNT features that exploit the capabilities of
microprocessors.

Each release of COBOL INT is characterised by a two-digit code in the form
of ‘

"Version anumber'". "Release number within version”
AUDIENCE

This manual is intended for programmers already familiar with COBOL on other
equipment,

MANUAL ORGANISATION

Chapters 1 through 4 of the manual apply to all users and describe basic
features of the language. Chapters 5 through 7 describe language features
for programming the three disk formats supported: sequential, relative and
indexed.

Chapters 8 through 11 apply to all users and describe additional features
and facilities available with the standard language. The appendices supply
reference information pertinent to all systems.

The manual contains the following chapters and appendices:

"Chapter 1. Introduction, which gives a general description of the
language, 1including a broad outline of ANSI COBOL features included and
omitted and additional features of COBOL INT.

"Chapter 2. COBOL Concepts'", which describes general concepts of the COBOL
language 1including program structure, and details of statement components
and notation.

"Chapter 3. Nucleus", which describes the nucleus of all COBOL programs and
the layout of each program division therein.

"Chapter 4. Table Handling', which describes the handling of data tables in
the Data and Procedure divisions of a COBOL program.

"Chapter 5. Sequential Input and Output", which describes the programming of
input and output of data in files with sequential format.

"Chapter 6. Relative Irput and Output", which describes the programming of
input and output of data in files with relative format.

"Chapter 7. Indexed Input and Output", which describes the programming of
input and output of data in files with indexed format.

"Chapter 8., Segmentation", which describes the facility for specifying
permanent and independent object program segments.
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"Chapter 9. Library", which describes the source library maintenance feature
of COBOL.

"Chapter 10. Debug and Interactive Debugging'", which describes the basic and
interactive debugging features available in COBOL INT.

"Chapter ll. Interprogram Communication'", which describes the‘ability of CO=
ROI, TNT programs to interface during running and to access common data,
enabling modular programming.

"Chapter 12. Programming Techniques and Sizing", which describes the means
available for COBOL TNT programmers to estimate object program size and
includes programming techniques in COBOL TINT.

"Appendix A. Reserved Word Table', which lists words reserved for COBOL INT
functions within a program.

"Appendix B. Character Set and Collating Sequence'", which 1lists all
characters available and their collating sequence.

"Appendix C. Glossary", which lists specific terms used in COBOL INT,



NOTATION TO THIS MANUAL

Throughout this manual, the following notation 1is used to describe the
format of COBOL statements:

l.

All words printed 1in capital letters which are underlined must always
be present when the functions of which they are a part are used. An
error printout will occur during compilation 1if the underlined words
are absent or incorrectly spelled. The underlining 1s not necessary
when writing a COBOL source program.

All words printed in capital letters which are not underlined are used
for readability oanly., They may be written, or not, as the programmer
wishes.

All words printed in small letters are gemeric terms representing names
which will be devised by the programmer.

When material 1s enclosed in braces { } , a choice must be made from
the options within them.

When material is enclosed in 'square brackets [ ], it is an indication
that the material is an option which may be included or omitted as
required.

When material 1s enclosed 1in square brackets crossed + }, it 1is an
indication that the material is mandatory when the ANS (ANSI) switch is
set (see Chapter 2) but optional otherwise.

Language features that are shaded in the text are language extensions
which exceed the ANSI standard.

In text, the ellipsis (...) shows the omission of a portion of a source
program or a sequence. This 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 may be repeated i1s determined as follows:

Given ... 1in a clause or statement format, scaanning right to left,
determine the or [ immediately to the left of the ...; continue
scanning right to left and determine the logically matching or ]; the
... applies to the words between the determined pair of delimiters.

The term identifier means either a data-name or a subscripted
data-name. An identifier takes the following form:

) ) ( data-name-2 )
data-name-l [ { literal-l } ]

data-name-2 or literal-l must be a positive integer in the range !
to the number of elements in the table.

Headings are presented in this manual in the following order of importance:

CHAPTER N
Chapter Heading
TITLE
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ORDER ONE HEADING

ORDER IWO HEADING

Order Three Heading Text two lines down

Order Four Heading

Order Five Heading: Text on same line

Numbers one (l) to nine (9) are written in text as letters, e.g. one.
Numbers ten (10) upwards are written in text as numbers, e.g. 12.
The phrase "For documentation purposes only" in the text of this manual

means that the associated coding 1s accepted syntactically by the Compiler,
but is ignored when producing the object program.
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CHAPTER 1

INTRODUCTION

WHAT IS COBOL TNT?

COBOL (Common Business Oriented Language) is the most widely and
extensively used 1language for the programming of commercial and
ddministrative data processing. :

COBOL, TNT™ is a Compact, Interactive and Standard COROL Language System
which 1is designed for use on microprocessor-based computers and intelligent
terminals.

It is based on the ANSI COBOL given in "American National Standard
Programming Language COBOL" (ANSI X3.23 1974). The COBOL INT implementation
has been selected from both levels of ANSI COBOL. The following modules are
fully implemented at Level 1:

. Nucleus

. Table Handling

. Sequential Input and Output
. Relative Input and OQutput

. Indexed Input and Output

. Segmentation
. Library
. Inter-Program Communication

In addition many Level 2 features are implemented such as:

. Nucleus - Nested IF, PERFORM UNTIL .

. Table Handling - 3 dimensions of variable leagth table handlings.
. Relative and Indexed sequential I/0 - START statement

. Inter-Program Communication - CANCEL statement

This manual 1is intended as a reference work for COBOL programmers and
material from the ANSI language standard document is included.

Along with the ANSI implementation COBOL INT also contains several
language extensions specifically oriented to the small computer environment.
These enable a COBOL INT program to format CRT screens for data input and
output (DISPLAY and ACCEPT), READ and WRITE text files efficiently and
define external file names at run time,

The programmer wishing to transport an existing COBOL program to run
under COBOL, TNT must check that the individual language features he has used
are supported by COBOL INT.. The COBOL SECTION statements in the
Segmentation feature can be performed using the PERFORM statement. Segment
numbers are treated as for documentation only.

A compile time ANS (ANSI) switch can be set that makes certain COBOL
source mandatory, whereas if not set it is optional. (See Chapter 2).

The CNORNT, TNT compiler is designed to enable programs
to be developed in a 48K machine. The Compiler supports sequential,
relative and indexed sequential files, as well as interactive communications
via the ACCEPT and DISPLAY verbs.
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The COts)L INT System also contains a powerful utility called FORMS that
enables the Operator to define screen layouts from a screen "module" and
produce automatically the dat. Jdescription for direct 1inclusion 1{in an
COBOL TNT program. This 18 described 1in the COBOL TNT Operating Guide

COBNT, TNT programs are created using a conventional text editor. The
Compiler compiles the programs and the Run-Time system links with the
compiled output to form a running user program. A listing of the .7BOL INT
program 1is provided by the Compiler during compilation. Error messages are
inserted in the listing. 1Interactive Debugging facilities are provided for
run-time use, and these are described in the COBOL INT Operating Guide.

COBOL TNT. is designed to be interfaced easily to any microprocessor
operating system. Detailed operating characteristics are dependent on the
particular host operating system used and are defined in the appropriate

Operating Guide.
PROGRAM STRUCTURE
A COBOL program consists of four divisions:

1. IDENTIFICATION DIVISION - An identification of the program

2. ENVIRONMENT DIVISION - A description of the equipment to be used to
compile and run the program

3. DATA DIVISION - A description of the data to be processed

4, PROCEDURE DIVISION - A set of procedures to specify the operations to
be performed on the data

Each division, 1is divided into sections which are further divided into
paragraphs which in turn are made up of sentences.

Within these subdivisions of a COBOL program, further subdivisions
exist as clauses and statements. A clause 1is an ordered set of COBOL
elements that specify an attribute of an entry, and a statement is a
combination of elements in the Procedure Division that include a COBOL verb
and constitute a program instruction.



FORMATS AND RULES

GENERAL FORMAT

A general format 1is the specific arrangement of the elements of a
clause or a statemeat. Throughout this document a format is shown adjacent
to information defining the clause or statement. When more than one
specific arrangement 1is permitted, the general format is separated into
numbered formats. Clauses must be written in the sequence given in the
general formats. (Clauses that are optiomal must ‘appear in the sequence
shown 1f they are used). In certain cases, stated explicitly in the rules
associated with a given format, the clauses may appear in sequences other

than that shown., Applications, requirements or restrictions are shown as
rules.

SYNTAX RULES

Syntax rules are those rules that define or clarify 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.

These rnles are used to define or clarify how the statement must be
written, i.e., the order of the elements of the statement and restrictions
on what each element may represent.

GENERAL RULES

A general rule 1s a rule that defines or clarifies the meaning or
relationship of meanings of an element or set of elements, It 1is used to
define or clarify the semantics of the statement and the effect that it has
on either execution or compilation.

ELEMENTS
Elements which make up a clause or a statement consist of uppercase

words, lowercase words, level-numbers, brackets, braces, connectives and
special characters (see Chapter 2),



SOURCE FORMAT

The COBOL source format divides each COBOL source record 1into 72
columns. These columns are used in the following way:

Columns 1 = 6 Sequence number
Column 7 Indicator area
Columns 18 - 11 Area A

Columns 12 - 72 Area B

SEQUENCE NUMBER

A sequence number of six digits may be used to identify each source
program line.

INDICATOR AREA

An asterisk * 1in this area marks the line as documentatary comment
only. Such a comment line can appear anywhere 1in the program after the
Identification Division header. Any characters from the ASCII character set
can be included in Area A and Area B of the line.

A stroke /, 1in the indicator area acts as a comment line above but
causes the page to eject before printing the comment.

A '"D" in the indicator area represents a debugging line. Areas A and B
may contain any valid COBOL sentence. '

A "-" in the 1indicator area represents the continuation of a
non-numeric 1literal. The first non-blank character 1in Area B of the
continuation line must be a quotation mark. The literal continues with the
first character after the quotation mark., All spaces at the end of the
continued line are significant.

Section names and paragraph names begin in Area A and are followed by a
period and a space. Level indications FD, Ol and 77 begin in Area A and are
followed in Area B by the appropriate file and record Jdescription.

Program sentences may commence anywhere in Area A and Area B, More
than one sentence 1s permitted in each source record.

Figure 1-1 shows the source format of a typical program.



e va.2 :F1:STOCK1.CBL PAGE: 0001
£ 23
000010 IDENTIFICATION DIVISION. 0118
200020 PROGRAM-ID. STOCK-FILE-SET-UP. 0118
Q0VY 1) AJTHOR. MICRD FOCUS LTD. 0118
0040 ENVIRONMENT DIVISION. 0113
0UUG5Y CONFIGURATION SECTION. 0118
000060 SOURCE~COMPUTER. MDS-800. 0118
000070 ORJECT-COMPUTER. MDS-300. 0118
000080 SPECTAL-NAMES. CONSOLE IS CRT. 0118
$00090 INPUT-OUTPUT SECTION. 0113
000100 FILE-CONTROL. 0118
000110 SELECT STOCK-FILE ASSIGN "STOCK.IT" 0176
000120 ORGANIZATION INDEXED 0176
000130 ACCESS DYNAMIC 0176
000140 RECORD KEY STOCK-CODE. 0176
000150 DATA DIVi3ION. 91as
000160 FILE SECTION. 01as
000170 FD STOCK-FILE; RECORD 32. 01AS
000180 01 STOCK-ITEM. 01a5
000130 02 STOCK-CODE PIC X(4). 01AS
000200 02 PRODUCT-DESC PIC X(24). 01A9
000210 02 UNIT-31ZE PIC 9(4). 01C1
000220 WORKING-3TORAGE SECTION. 01C?
000230 01 SCREEN-HEADINGS. 01C7 00
000240 02 ASK-=CODE PIC X(21) VALUE "STOCK CODE < . 01C7 00
000250 02 FILLER PIC X(59). 010C 15
000260 02 ASK-DESC PIC X(16) VALUE "DESCRIPTION  <". 0217 50
000270 02 SI-DESC PIC X(25) VALUE * . 0227 60
000280 02 FILLER PIC X(39). 0240 79
000290 02 ASK-SIZE PIC X(21) VALUE "UNIT SIZE < . 0267 A0
000300 01 ENTER-IT REDEFINES SCREEN-HEADINGS. 01C7 00
000310 02 FILLER PIC X(16). 01C7 0
000320 02 CRT-STOCK-CODE PIC X(4). 0lp? 10
000330 02 FILLER PIC X(76). 0108 14
000340 02 CRT-PROD-DESC PIC X(24). 0227 60
000350 02 FILLER PIC X(36). 023F 78
000360 02 CRT-ONIT-SIZE PIC 9(4). 0277 80
000370 02 FILLER PIC X. 0278 B4
000380 PROCEDURE DIVISION. 0000
000390 SRL. 001A
000400 DISPLAY SPACE. 0018
000410 OPEN I-O STOCK-FILE. 001E
000420 DISPLAY SCREEN-HEADINGS. 0022
000430 NORMAL~INPUT. 0036
000440 MOVE SPACE TO ENTER-IT. 0037
000450 DISPLAY ENTER-IT. 003D
000460 CORRECT-ERROR. 0054
000470 ACCEPT ENTER-IT. 0055
000480 IF CRT-STOCK-CODE = SPACE GO 'TO END-IT. 006C
000490 IF CRT-UNIT-3IZE NOT NUMERIC GO TO CORRECT-ERROR. 0076
000500 MOVE CRT-PROD-DESC TO PRODUCT-DESC. 007F
J0U510 MOVE CRT-UNIT-SIZE TO UNIT-3IZE. 0085
000520 MOVE CRT-3TOCK-CODE 1O STOCK-CODE. 008D
000530 WRITE STOCK~-ITEM; INVALID GO IO CORRECT-ERROR. 0093
000540 GO TO NORMAL-INPUT. 009F
100550 END-IT. 00A2
060360 CLUSE 3TOCK-FILE. 00A3
Jous T DISPLAY SPACE. 007
100580 DISPLAY "END OF PROGRAM". QUAA
- V4.2 :F1:STOCK1.CBL PAGE: 0002
e
000590 5TOP RUN. 0088
*w
ot
**ERRORS=00000 DATA=00636 CODE=00222 DICT=00420:21913 END OF LIST
—— 4
Cols.] ! Cols. Inserted
1-6 12-72 by
Sequence Area B Compiler
Number
Col 7
Indicator
Area
Cols 8-11
Area A
Figure 1-1. Sample Program Listing showing Source Format.
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CHAPTER 2

COBOL CONCEPTS

LANGUAGE CONCEPTS

CHARACTER SET

The most basic and indivisible unit of the language 1is the character.
The set of characters used to form COBOL INT character-strings and
separators 1includes the letters of ‘the alphabet, digits and special
characters. The character set consists of the characters defined below:

0 to 9

A to 2

a to z (Reserved and User Word Characters
read as: A to 2)

wn
©
Y}
(2]
1]

Plus sign

Minus sign or hyphen
Asterisk

Oblique Stroke/Slash
Equal sign

Dollar sign

Full stop or decimal point
Comma or decimal point
Semicolon

Quotation mark

Left Parenthesis

Right Parenthesis
Greater than symbol
Less than symbol

we w o WP~ NI +

AV~~~

The 'COBOL INT language 1s restricted to the above character set, but
the coantent of non-numeric literals, comment lines and data may include any
of the characters from the ASCII character set, See Appendix B,

LANGUAGE STRUCTURE

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

Separators

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

1. The punctuation character space 1s a separator. Anywhere a space is
used as a separator, more than one space may be used.

2. The punctuation characters comma, semicolon and period, when
immediately followed by a space, are separators. These separators
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may appear in a COBOL source program only where explicitly permitted by
the general formats, by format punctuation rules (see
FORMATS AND RULES in Chapter 1), by statement and sentence structure
definitions (see STATEMENTS AND SENTENCES 1in this Chapter), or
reference format rules (see REFERENCE FORMAT in this Chapter).

3. The punctuation characters right and left parenthesis are separators.
Parenthesis may appear only 1in balanced pairs of left and right
parentheses delimiting subscripts, indices, arithmetic expressions, or
conditions.

4. The punctuation character quotation mark 1s a separator. An opening
quotation mark must be immediately preceded by a space or 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. (See
CONTINUATION OF LINES in this Chapter).

5. Pseudo-text delimiters are 'separators. An opening pseudo-text
delimiter must be immediately preceded by a space; a closing
pseudo-text delimiter must be immediately followed by one of the
separators space, comma, semicolon, or period. :

Pseudo-text delimiters may appear only in balanced pairs delimiting
pseudo-text.

6. The separator space may optionally immediately precede all separétors
except the following:

a. As specified by reference format rules see REFERENCE FORMAT
in this Chapter.

b. The separator closing quotation mark. In this case, a
preceding space 1s considered as part of the nonnumeric
literal and not as a separator.

c. The opening pseudo-text delimiter, where the preceding space
is required.

7. The separator space 18 optional and can immediately follow any
separator except the opening quotation mark. In this case, a following
space 1s considered as part of the nonnumeric literal and not as a
separator.

Any punctuation character which appears as part of the specification of
a PICTURE character-string (see Chapter 3) or numeric 1literal is not
considered as a punctuation character, but rather as a symbol used in the
specificiiion of that PICTURE character-string or numeric literal., PICTURE
character-strings are delimited only by the separators space, comma,
semicolon, or period. '

The rules established for the formation of separators do not apply to

the characters which comprise the contents of nonnumeric literals,
comment-entries, or comment lines.
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Character-Strings

A character-string 1s a character or a sequence of contiguous
characters which forms a COBOL INT 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 which
forms a user defined word, a system—-name, or a reserved word., Within a
given source program these classes form disjoint sets; a COBQL word may
belong to one and only one of these classes,

User-Defined Words: A user-defined word is a COBOL word that must be
supplied by the user to satisfy the format of a clause or statement, Each
character of a user-defined word is selected from the set of characters 'A',
's', 'c', ... '2', 'a', 'p', 'c¢', ...'2', '0', ..."9', and '-', except that
the '-' may not appear as the first or last character. The exception to
this rule is a text-name which must be a normal alphanumeric literal.

User-defined word types which are implemented are as follows:

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

Within a given source program, ten of these 11 types of user-defined
words are grouped into nine disjoint sets. The disjoint sets are:

alphabet-names

condition-names, data-names, and record-names
file-names

index-names

mnemonic-names

paragraph-names

program-names

section-names

text-names

All user-defined words, except segment-numbers and level-numbers, can
belong to one and only one of. these disjoint sets, Further, all
user-defined words within a given disjoint set must be unique, because no
other user~defined word in the same source program has identical spelling or
punctuation. (See UNIQUENESS OF REFERENCE in this Section).



With the exception of paragraph-name, section-name, level-number and
segnent-number, all user-defined words must contain at least 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 1is a name which 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 1s called a conditional
variable. /

Condition~names may be defined in the Data Division or
in the SPECIAL-NAMES paragraph within the Environement
Division where a condition-name must be assigned to the
ON STATUS or OFF STATUS, or both, of the run time
switches.,

A condition-name is used only in the RERUN clause or in
conditions as an abbreviation for the relation
condition; thls relation condition posits that the
associated conditional variable 18 equal to one of the
set of values to which that condition-name 1s assigned.

Mnemonic-Name: A mnemonic-name assigns a wuser-defined word to an
implementor-name. These associations are established in
the SPECIAL-NAMES paragraph of the Environment Division.
(See SPECIAL-NAMES in Chapter 3).

Paragraph-Name: A paragraph-name 1s a word which names a paragraph in
the Procedure Division. Paragraph-names are equivalent
i1f, and 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 which names a section in the
Procedure Division. Section names are equivalent if, and
only if, they are composed of the same sequence of the
same number of digits and/or characters.

Other User-Defined
Names: See the glossary in Appendix C for definitions of all
other types of user-defined words.

System-Names: A system-name 1s a COBOL word which 1is wused to
communicate with the operating environment, Each
character used in the formation of a system-name must be
selected from the set of characters 'A', 'B', 'C', ...
'z', 'a', 'p' ... '2', '0', ... '9' and '~', except that
the '-' may not appear as the first or last character,

There are three types of system-names:
l. computer-name

2. implementor-name
3. language-name



Reserved Words:

Key Words:

Optional Words:

Connectives:

Figurative
Constants:

Literals

Within a given implementation these three types of
system-names form disjoint sets; a given syvstem-name may
belong to one and only one of them.

The system-names listed above, are individually defined
in the glossary in Appendix C.

A reserved word is a COBOL word that is one of a
specified 1list of words which may be used in COBOL
source programs, but ‘' which must not appear in the
programs as user-defined words or system-names.
Reserved words can only be used as specified in the
general formats., (See Appendix A).

There are six types of reserved words:

1. Key words

2. Optional words

3+ - Counectives

4, Special registers

5. Figurative constants

6. Special=-character words

A key word is a word whose presénce is required when the
format 1in which the word appears 1is used in a source
program. Within each format, such words are uppercase
and underlined. - '

Key words are of three types:

1. Verbs such as ADD, READ, and ENTER.

2. Required words, which appear in statement and entry
formats.

3. Words which have a specific functional meaning such
as NEGATIVE, SECTION, etc.

Within each format, uppercase words that are not
underlined are called optional words and may appear at
the user's option. The presence or absence of an
optional word does not alter the semantics of the COBOL
program in which it appears.

Series coannectives 1link two or more consecutive
operands: , (separator comma) or ; (separator
semicolon).

Certain reserved words are used to name and reference
gspecific constant values. These reserved words are
specified under Figurative Constant Values 1in this
chapter.

A literal is a character-string whose value is implied by an ordered
set of characters of which the literal 1iIs composed or by specification of a
reserved word which references a figurative constant. Every literal belongs
to one of two types, nonnumeric or numeric.

2 -5



Nonnumeric

Literals: A nonnumeric literal 1s a character-string delimited on
both ends by quotation marks and consisting of any
allowable character 1in the computer's character set.
Allowed are nonnumeric literals of 1 through 128
characters 1in length. To represent a single quotation
mark character within a nonnumeric literal, two
contiguous quotation marks must '~ used. The value of a
nonnumeric literal in :he objec program is the string
of characters itself, cept:

l. The delimiting sation .8 are excluded, and

2. Each ecwuedded pair of contiguous quotation marks
represents a single quotation mark character.

All other punctuation characters are part of the value of the
nonnumerlc literal rather than separators; all nonnumeric literal are
category alphanumeric. (See The PICTURE Clause 1n chapter 3). In
addition, hexadecimal binary values can be attributed to non-numeric
literals by expressing literals as: X "nn'", where n is a hexadecimal’
character in the set 0-9 A-F; nn may be repeated up to 128 times, but
the number of hex digits must be even.

Numeric Literals: A numeric literal {s a character-string whose characters
are selected from the digits 'O' through '9', the plus
sign, the minus sign, and/or the decimal point. The
implemention allows for numeric literals of 1 through 18
digits 1in length. The rules for the formation of
numeric literals are as follows:

l. A literal must contain at least one digit.

2. A literal must not contain more than one sign
character. If a sign is used, it must appear as
the leftmost character of the 1literal. If the
literal 1is wunsigned, the 1literal is positive.

3. A literal must not contain more than one decimal
point. The decimal point is treated as an assumed
decimal point, and may appear anywhere within the
literal except as the rightmost character. 1f the
literal contains no decimal point, the literal is
an 1integer,

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

4. The value of a numeric literal 1is the algebraic
quality represented by the characters 1in the
numeric literal. Every numeric literal is catey :y
numeric. (See THE PICTURE CLAUSE in Chapter 3).
The size of a numeric literal in standard data
format characters 1is equal to the number of digits
specified by the user.
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Figurative Constant
Values

Figurative Constant Values are generated by the compiler and referenced
through the use of the reserved words given below. These words must not be
bounded by quotation marks when used as figurative constants. The singular
and plural forms of figurative constants are equivalent and may be used
interchangeably.

The figurative constant values and the reserved words used to reference them
are shown in Table 2-1,

Table 2-1., Figurative Constants and their Reserved Words
CONSTANT REPRESENTATION
ZERO Represents the value.'0', or one or more
of the character 'O' depending on context,
ZEROS
ZEROES
SPACE Represents one or more of the character
SPACES space from the computer's chdracter set.
HIGH-VALUE Represents one or more of the character
HIGH-VALUES that has the highest ordinal position in
the program collating sequence.
( : !
LOW-VALUE Represents one or more of the character that
LOW-VALUES has the lowest ordinal position in the program
collating sequence.
QUOTE Represents one or mare of the character '"'.
QUOTES The word QUOTE or QUOTES cannot be used in

ALL literal

place of a quotation-mark in a source program
to bound a nonnumeric literal. Thus, QUOTE
ABD QUOTE is incorrect as a way of stating
the nonnumeric literal "ABD".

Represents one character of the string of
characters comprising the literal. The

literal must be either a nonnumeric literal

or a figurative constant other than ALL literal.
When a figurative coanstant is used, the word
ALL is redundant and is used for readability
only.

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

the

length of the

string 1s determined by the compiler from context

according to the following rules:

1..

When a figurative constant 1s assoclated with another data item, as
when the figurative constant 1is 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 1s equal to the size in characters of the associlated
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data item. This 1is done prior to and independent of the application of
any JUSTLFIED clause that may be associated with the data item.

2. When a figurative coanstant i{s not associated with another data 1item, as
when the figurative constant appears in a DISPLAY or STOP statement,
the length of the string is one character,

DISPLAY SPACE 1s, of course, an exception.

A figurative constant may be used wherever a literal appears in a
format, except that whenever the 1literal is restricted to having only
numeric characters in {it, the only figurative constant permitted 1s ZERO
(ZEROS, ZEROES).

When the figurative constants HIGH~VALUE(S) or LOW~VALUE(S) are used in
the source program, the actual character associated with each figurative
constant depends upon the program collating sequence specified. (See
THE OBJECT-COMPUTER PARAGRAPH, and THE SPECIAL-NAMES PARAGRAPH in Chapter
3).

Each reserved word which 1s used to reference a figurative constant
value 1s a distinct character-string with the exception of the construction
'ALL literal' which is composed of two distinct character-strings.

PICTURE Character-Strings

A PICTURE character-string .onsists of certain combinations of
characters in the COBOL character set wused as symbols, See
The PICTURE Clause for the PICTURE character-string and for the rules that
govern their use.

Any punctuation character v« :h appears as part of the specification of
a PICTURE character-string 1s not considered as a punctuation character, but
rather as a symbol wused in the specification of that PICTURE
character=-string.

Comment-Entries

A comment-entry 1s an entry in the Identification Division that may be
any combination of characters from the computer's character set.

CONCEPT OF COMPUTER INDEPENDENT DATA DESCRIPTION

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

Concept of Levels

A level concept is inherent in the structure of a logical record. This
concept arises from the need to specify subdivisions of a record for the
purpose of data reference. Once a subdivision has been specified, it may be
further subdivided to permit more detailed data referral.
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The most basic subdivisions of a record, that {1s, those not further
subdivided, are called elementary items; consequently, a record is said to
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
are combined into groups. Each group consists of a named sequence of one or
more elementary items., Groups, in turn, may be combined into groups of two
or more groups, etc. Thus, an elementary item may belong to more than one
group.

Level-Numbers

A system of level-numbers shows the organisation of elementary itenms
and group 1items. Since records are the most : inclusive data items,
level-numbers for records start at Ol. Less inclusive data items are
assigned higher (not necessarily successive) level-numbers not greater in
value than 49, A maximum of 49 levels in a record is allowed. There 1is a
special level-number, 77, which is an exception 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 items following it until a
level-number 1less than or equal to the level~number of that group 1is
encountered. All items which are immediately subordinate to a given group
item must be described using identical level-numbers greater than the
level-number used to describe that group iten.

Three types of entries exist for which there 13 no true concept of
level. These are:

1. Entries that specify elementary items or groups introduced by a RENAMES
clause

2, Entries that specify noncontiguous working storage - and linkage data
items

3. Entries that specify condition-names.

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 77.

Concept of Classes of Data

The five categories of data items (see THE PICTURE CLAUSE in Chapter 3)
are grouped into three classes: alphabetic, numeric, and alphanumeric. For
alphabetic and numeric, the classes and categories are synonymous. The
alphanumeric class 1includes the categories of alphanumeric edited, numeric
edited and alphanumeric (without editing). Every elementary item except for
an index data item belongs to one of the classes and further to one of the
categories, The class of a group item 1s treated at object time 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 1items.



Table 2-2 Data Levels, classes and categories

LEVEL OF ITEM CLASS CATEGORY
Alphabetic Alphabetic
Numeric Numeric
Elementary Numeric Edited
Alphanumeric Alphanumeric Edited
Alphanumeric
Alphabetic
Numeric
Non-Flementary Alphanumeric Numeric Edited
sroup Alphanumeric Edited
Alphanumeric

Selection of Character Representation and Radix

The value of a numeric item may be represented in either binary or
decimal form, depending on the equipment. 1In addition, there are several
ways of expressing decimal. Since these representations are actually
combinations of bits, they are commonly called binary-coded decimal forms.
The four standard formats used for storing numeric data in COBOL INT are as
follows:

1. As alphanumeric characters stored one per byte in ASCII representation.

2, As numeric characters defined by USAGE IS DISPLAY (See The USAGE Clause
in Chapter 3) one per byte in ASCIL representation. If they are signed
and the sign is specified as INCLUDED, bit 6§ of the leading or trailing
byte of the field 1is set for negative, depending on the field
definition. If a TRAILING sign is specified a one byte ASCII : or - a
sign 1s added as the leading or trailing byte. If no SIGN clause {s
specified, bit 6 of the trailing digit 1is set to indicate negative by
default.

3. As numeric characters defined by USAGE IS COMP or COMPUTATIONAL in pure
binary form. If the field 1is signed the number 1is held in its
twos-compliment form. Storage 1is then dependent on the number of 9's
in the PICTURE clause (see The PICTURE Clause in Chapter 3) and on
whether the field is SIGNed or not (see The SIGN Clause in Chapter 3).

Table 2-3 shows the storage requirements for each COMP(UTATIONAL)
PICTURE Clause.
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Table 2-3. Numeric Data Storage for the COMP(UTATIONAL) PICTURE
Clause.

Number of Characters
Bytes Required Signed Unsigned
1 1-2 1-2
2 3-4 3-4
3 5-6 5=7
4 7-9 8-9
5 10-11 10-11
6 12-14 13-14
7 15-16 15-16
8 17-18 17-18

As numeric characters defined by USAGE IS COMPUTATIONAL-3 or USAGE IS
COMP-3 in packed internal decimal form. Storage is dependent on the
number of 9's in the PICTURE clause., The decimal numbers are stored as
signed strings of variable length of 1 through 18 digits. The sign of
the packed decimal number 1s always stored in place of the least
significant quartet of the low order byte. Each byte contains two
decimal positions (four bits per digit) and the digits (0 - 9) are
encoded as BCD numbers (0000 - 1001). Numbers are represented in the
field as right-justified values with a + or - sign as shown 1in the
example below. The maximum number of digits permitted in arithmetic
operands is 18.

EXAMPLE:

a. For COMPUTATIONAL-3 and PICTURE 9999, the number +1234 would be
stored as follows:

N N 1 2 3 4 F
0000 0001 0010 O00l1 O0l00 1111
s ———
1 byte

where F represents the non-printing plus sign.

b. For COMPUTATIONAL-3 and PICTURE S9999, the number +1234 would be
stored as follows:

Storage would be as in a above except that the least significant
digit would be replaced by C (1100) representing the plus sign.

c. For COMPUTATIONAL-3 and PICTURE 59999, the number -1234 would be
stored as follows:

Storage would be as in a above except that the least significant
byte would be replaced by D (110l1) representing the minus sign.
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Table 2-4 shows the storage requirements for each COMP-3 clause.

Table 2-4. Numeric Data Storage for the COMPUTATION-3 PICTURE Clause.

Number of Digits
Bytes Required (Signed or Unsigned)

1

2-3
4=5
6~7
8-9
10-11
12-13
14-15
16-17
0 18

— WO oo~y WY

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 permits the programmer to 'state explicitly, the
location of the operational sign., The Clause 1is optional; if it 1s not used
operational signs will be represented as defined by setting bit 6 of the
trailing digit for ASCII numbers. (see above).

Editing signs are inserted into a data item through the use of the sign
control symbols of THE PICTURE CLAUSE.

Standard A{iﬁnment Rules

The 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 1s aligned by decimal point and 1s moved to the receiving
character positions with zero fill or truncation on either end as
required.

b. When an assumed decimal point 1is not explicitly specified, the
data item is treated as 1f i1t had an assumed decimal point
immediately following its rightmost character and is aligned as in
paragraph a. above. '

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

standard rules are modified as described i1in "THE JUSTIFIED CLAUSE in
Chapter 3.

Uniqueness of Reference

Subscripting

Subscripts can be used only when reference 1is made to an individual
element within a 1list or table of like elements that have not been assigned
individual data-names (see THE OCCURS CLAUSE in Chapter 4).

The subscript 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.

The sSubscript may be signed and, 1f 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, 1in any particular case, 1is 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 separators left parenthesis and right
parenthesis following the table element data-name. The table element
data-name appended with a subscript 1s called a subscripted data-name or an
identifier. When more than one subscript is required, they are written in
the order of successively less 1inclusive dimensions of the data
organization.

The format is:

data-name (subscript-l [, subscript-2 [, subscript-3 ]])

Indexing

References can be made to individual elements within a table of: like
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 1in the INDEXED BY phrase is known as an index-name
and 1is 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 a SET statement.

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

At the time of execution of a statement which refers to an indexad
table element, the value contained in the index referenced by the index-name
assoclated with the table element must neither correspond to a value less
than one nor to a value greater than the highest permissible occurrence
number of an element of the assoclated table. This restriction also applies
to the value resultant from relative indexing.

The general format for indexing is:
data-name index-name-l
{condition-name ( { literal-l } [{1} literal-z]
index-name-=2 index-name-3
‘:’ {literal-3 } [{-:' 11te~~al-4] [’ {uteral-s [{:} literal-é] ]:I)

Identifier
An identifier is a term used to reflect that a data-name, 1if not unique
in a4 program, must be followed by a syntactically correct combination of
subscripts or indices necessary to ensure uniqueness.
The general formats for identifiers are:
Format 1:
data-name-1 [(subscript-l » subscript-2 (, subscript-3]lJ

Format 2:

data-name-l ({ index-name-1

literal-l } L:} literal-=2

[ (s e [{tmmmes i ]] ]

Restrictions on subscripting and indexing are:

l. A data-name must not 1tself be subscripted nor indexed when that
data-name is being used as an index, or subscript.

2. Indexing is not permitted where subscripting is not permitted.

3. An index wmay be modified only by the SET, SEARCH, and PERFORM
statements. Data items described by the USAGE IS INDEX clause permit
storage of the values assoclated with index-names as data in a form
specified by the implementor. Such data items are called index data
items.
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4. Liteval-l, 1literal-3, literal-5, in the above‘format must be positive
numeric integers. Literal-2, 1literal-4, literal-p must be unsigned
numeric integers. '

Condition~Name

Each condition-name must be unique.

PROGRAM STRUCTURE

ACOBOL INT program consists of four divisiong:
l. IDENTIFICATION DIVISION - An identification of the program.

2. ENVIRONMENT DIVISION - A description of the equipment to be used to
compile and run the program.

3. DATA DIVISION - A description of the data to ﬁe processed.

4, PROCEDURE DIVISION - A set of procedures to specify'the operations to
be performed on the data.

Each division, is divided into sections which are further divided into
paragraphs, which in turn are made up of sentences.

THE ANSI (ANS) COMPILER DIRECTIVE

IF the Operator issues the ANS directive to the compiler at compilation
time, all ANSI requirements implemented inCOBOL INT are mandatory. When it
is not set, certain ANSI requirements are optional., In the remainder of
this Chapter these statements are marked £ $. In the remainder of the
manual a sentence is included in the text where this feature applies.
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TDENTIFICATION DIVISION

GENERAL DESCRIPTION

The Identification Division must be included in every ANSI COBOL source
program, This division,identifies both the source program and the resultant
output listing. In addition, the user may include the date the program is
written, the date the compilation of the source program is accomplished =znd
such other information as desired under the paragraphs in the general format
shown below.

ORGANISATION

Paragraph headers identify the type of information contained in the
paragraph, The name of the program must be given in the first paragraph,
which {3 the PROGRAM-TD paragraph. The other paragraphs are optional and
may be 1included 1in this division at the wuser's cholce, o order of
presentation shown by the format below.

STRUCTURE
The following 1is the general format of the paragraphs in the
Identification Division and it defines the order of presentatioan in the

source program.

General Format

£IDENTIFICATION DIVISION.$

+PROGRAM-1ID. program-name.$

[AUTHOR. [comment-entry]) ...]

[IVSTALLATION. [comment-entry] ...}
[DATE-WRITThV [comment-entry] ...]
[DxTE-COMPILED. [comment-entry] ...]
[ SECURITY. [comment-entry] .o ]
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ENVIRONMENT DIVISION

GENERAL DESCRIPTION

The Environment Division specifies a standard method of expressing
those aspects of a data processing problem that are dependent upon the
physical characteristics of a specific computer. This division allows
specification of the configuration of the compiling computer and the object
computer, In addition, information relating to {input-output control,
special hardware characteristics and control techniques can be given,

The Enviroument Division must be included 1in every COBOL source
program.

ORGANISATION

Two sections make up the Enviromment Division: the Configuration
Section and the Input-Output Section.

The Configuration Section deals with the characteriétics of the source
computer and the object computer. This section 1s divided 1into three
paragraphs: the SOURCE-COMPUTER paragraph, which describes the computer
configuration on which the source program is compiled; the OBJECT-COMPUTER
paragraph, which describes the computer coafiguration on which the object
program produced by the compiler 1s to be run; and the SPECIAL-NAMES
paragraph, which relates the implemention-names used by the compiler to the
mnemonic-names used in the source program.

The Input-Output Section deals with the information needed to control
transmission and handling of data between external media and the object
program. This section i3 divided into two paragraphs: the FILE-CONTROL para
graph which names and associates the files with external media; and the
I1-0-CONTROL paragraph which defines special control techniques to be used in
the object program.

STRUCTURE

The following 1is the general format of the sections and paragraphs in
the Enviroment Division, and defines the order of presentation in the source
program.

General Format

£ ENVIRONMENT DIVISION. $

f CONFIGURATION SECTION. $

+ SOURCE~-COMPUTER. source-computer-entry +

£ OBJECT-COMPUTER. object-computer-entry $

[ SPECIAL-NAMES. special-names-entry ]

£ INPUT-OUTPUT SECTION. %

FILE-CONTROL. { file-control-entry | ...
[ I-0-CONTROL. input-output-control-entry ]
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DATA DIVISION

OVERALL APPROACH

The Data Division describes the data that the object program 1s to
accept a: input, to manipulate, to create, or to produce as output. Data to
be prucessed falls into three categories:

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

2. That which 1s developed 1internally and placed into intermediate or
working storage, or placed 1into specific format for output reporting
purposes.

3. Counstants which are defined by the user.

PHYSICAL AND LOGICAL ASPECTS OF DATA DESCRIPTION

Data Division Organization

The DATA DIVISION which 1is one of the required divisions in a program,
is subdivided 1into sections. These are the File, Working-Storage and
Liukage sectilons,

The FILE SECTION defines the structure of data files. Each file {is
defined by a file description entry and one or more record descriptions, or
by a file description entry and one or more report description entries,
Record descriptions are written immediately following the file description
entry. The WORKING-STORAGE SECTION describes records and noncontiguous data
items which are not part of external data files but are developed and
processed 1internally. It also describes data 1items 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 1is the same as the WORKING-STORAGE
SECTION.
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General Format

The following gives the general format of the sections in the DNata
Division, and defines the order of their presentation in the source program.

£ DATA DIVISION. %
-

FILE SECTION.

-file-description-entry [record~description-entry] ...]

WORKING-STORAGE SECTION.

77-level-description-entry}
record-description-entry Tt

LINKAGE SECTION.

—

[

—

77-level-description-entry
record-description-entry Tt
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PROCEDURE DIVISION

GENERAL DESCRIPTION

The Procedure Division must be included in every COBOL source program.
This division may contain declarative procedures.

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. (See descriptions of the USE statement in Chapters 5, 6
and 7 and the Debug Chapter 10).

Procedures

A procedure 13 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 is in a section, then all paragraphs
must be in sections. A procedure-name 1s 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 coasists 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 declaratives 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
immediateley before the next paragraph-name or section-name or at the end of
the Procedure Division or, 1in the declaratives portion of the Procedure
Division, at the key words END DECLARATIVES.

A sentence consists of one or more statements and is terminated by a
period followed by a space.

A statement 1is a syntactically valid combination of words and symbols
beginning with a COBOL verb.

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

Execution

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.
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General Format

Procedur= Division Header

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

PROCEDURE DIVISION [ USING data-name-l1 [, data-name-2] coe ]

Procedure Division Body

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

Format: 1:
DECLARATIVES.
{section-name SECTION [segment-number]. declarative-sentence
[patagraph-name. [sentence] . ] oes } ces

END DECLARATIVES.

{section-name SECTION [segment-number] .

[paragraph-name. [sentence] ... 1...}4 ...
Format 2:
{paragraphéname. [¢entence] ... } cos

STATEMENTS AND SENTENCES

There are three types of statements:
1. Conditional statements,
2. Compiler directing statements,
3. Imperative statements,

There are three types of sentences:
l.  Conditiona1 sentences,

2. Compiler directing sentences,
3. Imperative sentences.
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Conditional Statement

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:

* An IF statement.

* A READ statement that specifies the AT END or INVALID KEY phrase.

* A WRITE statement that specifies the INVALID KEY phrase

* A START, REWRITE or DELETE statement that specifies the INVALID
KEY phrase.

* An arithmetic statement (ADD, DIVIDE, MULTIPLY, SUBTRACT) that
specifies the SIZE ERROR phrase.

* A CALL statement that specifies the ON OVERFLOW phrase.

Conditional Sentence

A conditional sentence 1s a conditional statement, optionally preceded
by an imperative statement, terminated by a period followed by a space.

Compiler Diracting Statement

A compiler directing statement consists of a compiler directing verb
and its operands. The compiler directing verbs are COPY, ENTER and USE (see
THE COPY STATEMENT in Chapter 9, THE ENTER STATEMENT in Chapter 3, and THE
USE STATEMENT 1in Chapters 5, 6 and 7)., A compiler directing statement
causes the compiler to take on specified action during compilation.

Compiler Directing Sentence

A compiler directing sentence 1s a single compiler directing statement
terminated by a period followed by a space.



Imperative Statement

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 statement, nor a compiler directing statement. An
imperative statement may consist of a sequence of imparative statements,
each possibly separated from the next by a separator,

The imperative verbs are:

ACCEPT GO SET
app’ INSPECT START?
ALTER MOVE STOP
caLL’ muLTIPLY! SUBTRACT'
CANCEL OPEN wRITE®
CLOSE PERFORM
DELETE? READ®

REWRITE?
DISPLAY
DIVIDE!
EXIT

1 - Without the optional SIZE ERROR phrase.

2 - Without the optional INVALID KEY phrase.

3 - Without the optional ON OVERFLOW phrase.

S - Without the optional AT END phrase or INVALID KEY phrase.

6 - Without the optional INVALID KEY phrase or END-OF-PAGE phrase,

When 'imperative-statement' appears in the general format of
statements, 'imperative-statement' refers to that sequence of consecutive
imperative statements that must be ended by a period or an ELSE phrase
associated with a previous IF statement,

Imperative Sentence

An 1imperative sentence 1is an imperative statement terminated by a
period followed by a space.
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REFURENCE FORMAT

GENERAL DESCRIPTION

The reference format, which provides a standard method for describing
COBOL source prozrams, 1s described in terms of character positions in a
line on an input-output medium., The COBOL INT compiler accepts source
programs written in reference format and produces an output listing of the
source program input in reference format,

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
Identification Division, then the Environment Division, then the Data

Division, then the Procedure Division. Each division must be written
according to the rules for the reference format.

REFERENCE FORMAT REPRESENTATION

The reference format for a line is represented as in Figure 2-1,

| l l
Margin Margin Margin Margin Margin
L

I 2 3 4 5 6 7 8 9 0 l 2 3

Sequence Number Area Area A Area B

Indicator Area

Margin L 1is immediately to the left of the leftmost character position
of a line.

Margin C 1s Between the 6th and 7th character positious of a line.
Margin A 1s between the 7th and 8th character positions of a line.
Margin B 1s between the llth and 12th character positions of a line.

Margin R 1s 1immediately to the right of the rightmost character
position of a line.

The sequence number area occupies six character positions (l1-6), and is
between Margin L and Margin C.

The indicator area 1s the 7th character position of a line.

Area A occuples character positions 8, 9, 10 and ll, and is between
margin A and margin B.

Area B occupies character positions 12 through 72 inclusive; 1t begins
immediately to the right of Margin B and terminates immediately to the left
of Margin R.

Figure 2-1. Reference Format for a COBOL Source Line.
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Sequence Numbers

A sequence number, consisting of six digits in the sequence area, may
be used to label a source program line.

Continuation of Lines

Whenever a sentence, entry, phrase, or clause requires more than one
line, it may be continued by starting subséquent line(s) in area B, These
subsequent 1lines are called the ‘continuation 1line(s). The 1line being
continued is called the continued line. Any word or literal may be broken
in such a way that part of it appears on a continuation line.

A hyphen in the indicator area of a line indicatés that the first
nonblank character in area B of the current line is the successor of the
last nonblank character of the preceding line without any intervening space.
However, if the continued line contains a nonnumeric literal without 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 1line are considered part of the 1literal. Area A of a

continuation line must be blank.

If there 1is no hyphen in the indicator area of a line, it 1s assumed
that the last character in the preceding line is followed by a space.
Blank Lines

A blank 1line is one that 1s blank from margin C to margin R, inclusive,
A blank line can appear anywhere in the source program, except immediately
preceding a continuation line. (See Figure 2-1),

DIVISION, SECTION, PARAGRAPH FORMATS

Division Header

The division header must start in area A. (See Figure 2-1).

Section Header

The section header must start in area A, (See Figure 2-1),.

A section consists of paragraphs in the Environment and Procedure
Divisions and Data Division entries in the Data Division.

Paragraph Header, Paragraph-Name and Paragraph

A paragraph consists of a paragraph-name followed by a period and a
space and by zero, one or more sentences, or a paragraph header followed by
one or more entries, Comment entries may be included 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.
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The first sentence or entry 1in a paragraph begins either on the same
line as the paragraph header or paragraph-name or in area B of the next
nonblank line that is not a comment line. Successive sentences or entries
either begin in area B of the same line as the preceding sentence oc =ntry
or in area B of the next nonblank line that i3 not a comment line.

When the sentences or entries of a paragraph require more than one lire
they may be continued as described in CONTINUATION OF LINES in this Chapter.

DATA DIVISION ENTRIES

Each Data Division entry begins with a level indicator or a
level-number, followed by a space, followed by 1its assoclated name (except
in the Report Section), followed by a sequence of independent descriptive
clauses. Each clause, except the last clause of an entry, may be terminated
by either the separator semicolon or the separator comma. The last clause
is always terminatedby a period followed by a space.

There are two types of Data Division entries: those which begin with a
level indicator and those which begin with a level-number.

A level 1indicator 1is the 1indicator: FD (see THE FILE DESCRIPTION
~COMPLETE ENTRY SKELETON in Chapters 5, 6 and 7)

In those 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.

Those Data Division entries that begin with level-numbers are called
data description entries.

A level-number has a value taken from the set of values 1 through 49,
77. Level-numbers in the range ! through 9 may 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 those data description entries that begin with level-number 0l or
77, the level-number begins in area A followed by a space and followed in
area B by 1its associated record-name or item-name and appropriate
descriptive information.

Successive data description entries may have the same format as the
first or wmay be indented according to level=-number. The entries in the
output listing need be indented only if the input is indented. 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 spaces to the right of margin A. The extent of indentation to
the right 1s determined only by the width of the physical medium.

DECLARATIVES
The key word DECLARATIVES and the key words END DECLARATIVES that
precede and follow, respectively, the declaratives portion of the Procedure

Division must appear on a line by itself., Each must begin in area A and be
followed by a period and a space (see Figure 2-1).
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COMMENT LINES

A comment line 13 any 1line with an asterisk in the coatinuation
indicator area of the line., A comment line can appear as any line 1in a
source program after the Identification Division header. Any combination of
characters from the computer's character set may be included in area A and
area B of that line (see Figure 2-1). The asterisk and the characters in
area A and area B will be produced on the listing but serve as documentation
only, A special form of comment line represented by a stroke in the

indicator area of the 1line causes page ejection prior to printing the
comment.

Successive comment lines are allowed. Continuation of comment lines 1is
permitted, except that each continuation 1line must contain an '*' in the
indicator area.
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RESERVED WOKRDS

A full list of reserved words is given in Appeadix A,



CHAPTER 3

THE NUCLEUS

FUNCTION OF THE NUCLEUS

The Nucleus provides a basic language capability for the internal
processing of data within the basilc structure of the four divisions of a
program.

IDENTIFICATION DIVISION IN THE NUCLEUS

GENERAL DESCRLPTION

The Identification Division must be included in every COBOL source
program. This division identifies the source program and the resultant
output listing. 1In addition, the user may include the date the program is
written and such other information as desired under the paragraphs in the
general format shown below.

ORGANIZATION

Paragraph headers identify the type of information contained in the
paragraph., The name of the program must be given 1in the first paragraph,
which 1is the PROGRAM-ID paragraph. The other paragraphs are optional and
may be included in this division at the user's choice, in the order of

presentation shown by the general format below.

Structute

The general format of the paragraphs in the Identification Division 1is
given below and shows the order of presentation in the source program.

General Format

IDENTIFICATION DIVISION

PROGRAM-ID. program—-name,

AUTHOR. [comment-entry] ...]

INSTALLATION. [comment-entry] ...]

DATE-WRITTEN. [comment-entry] ...]

DATE-COMPILED. [comment-entry] ..]

W

SECURITY. [comment-entry] ..J

Syntax Rules

L. The Identification Division must begin with the reserved words
IDENTIFICATION DIVISION followed by a period and a space.



2. The comment-entry uay be any combination of the characters from the
computer's character set. The continuation of the comment-entry by the
use of the hyphen in the indicator area 1s not permitted; however, the
comment-entry may be contained on one or more lines.

THE PROGRAM-ID PARAGRAPH
Function

The PROGRAM-ID paragraph gives the name by which a program 1is
identified.

General Format

PROGRAM~-ID. program-name.

Syntax Rules

L. The program-name mwmust conform to the rules for formation of a
user-defined word.

General Rules

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

2. The program-name identifies the source program and all listings
pertaining to a particular program.

THE DATE-COMPILED PARAGRAPH
Function

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

General Format

DATE-COMPILED. comment-entry e

Syntax Rule

This paragraph is for documentation purposes only.



ENVIRONMENT DIVISION IN THE NUCLEUS

CONFIGURATION SECTION

The SOURCE-COMPUTER Paragraph

Function

The SOURCE-COMPUTER paragraph identifies the computer upon which the
program 1s to be compiled.

General Format

SOURCE COMPUTER. computer-name.

Syntax Rule
Computer-name must be one COBOL word defined by the user.

General Rules

The computet-name provides a means for.  identifying equipment
configuration, in which case the computer-name and its implied configuration
are specified by the user.

The OBJECT-COMPUTER Paragraph

Function

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

General Format

WORDS
OBJECT-COMPUTER. computer-name|, MEMORY SIZE integer 3 CHARACTERS f
MODULES

([, PROGRAM COLLATING SEQUENCE IS alphabet-name]
Svntax Rule

1. Computer-name must be one COBOL word defined by the user.
General Rules

1. The computer-name provides a means for identifying equipment
configuration, 1in which case the computer-name and 1ts implied
configurations are specified by the user. The configuration definition
contains specific information concerning the memory size.

The implementor defines what 1is to be done if the subset specified by
the user 1is less than the minimum configuration required for running
the object program.



2. If the PROGRAM COLLATING SEQUENCE Clause 1s specified, the collating
sequence associated with alphabet-name 1is used to determine the truth
value of any noanumeric comparisous:

Explicitly specified in relation conditions (see Relation Condition
later in this Chapter).

3. If the PROGRAM COLLATING SEQUENCE Clause 1s not specified, the native
collating sequence 1is used. Appendix B lists the full ASCII collating
sequence (native) and those characters used in COBOL

4, If the PROGRAM COLLATING SEQUENCE Clause 1is specified, the program
collating seguence 1s the collating sequence associated with the
alphabet-name specified in that Clause.

5. The PROGRAM COLLATING SEQUENCE Clause 1is also applied to any nonnumeric
merge or sort keys.

The SPECIAL-NAMES Paragraph

Function

The SPECIAL-NAMES paragraph provides a means of relating
implementor-names to user-specified mnemonic-names and of Trelating
alphabet-names to character sets and/or collating sequences.

General Format

SPECIAL-NAMES.
SWITCH 9 IS mnemonic-name [,Qﬂ STATUS Lé.condition-name-ll
é {,OFF STATUS Is condition-name-2]

STANDARD=-1
NATIVE cee

[ alphabet-name IS
[, CURRENCY SIGN IS literal-9]

[, DECIMAL-POINT IS COMMA]

[, CONSOLE IS CRT]

[, CURSOR 1s data-name-1] .

General Rules

1. If the implementor-name is a switch, at least one condition-name must
be associated with 1it. The status of the switch 1is specified by
condition-names and interrogated by testing the coandition-names (see
Switch-Status Condition later in this Chapter).



7.

8.

The alphabet-name clause provides a means for relating a name to a
specified character code set and/or collating sequence. When
alphabet-name 1is referenced in the PROGRAM COLLATING SEQUENCE clause
(see THE OBJECT-COMPUTER PARAGRAPH in this Chapter). The alphabet-name
clause specifies a collating sequence. When alphabet-name 1is
referenced in a CODE-SET clause in a file descrip;ion'entry (see The
File Description - Complete Entry Skeleton 1in Chapter 5), the
alphabet-name clause specifies a character code set.

a. If the STANDARD-1 phrase is specified, the character code set or
collating sequence identified is that defined in American National
Standard Code for Information Interchange, X3.4-1968. Appendix B
defines the correspondence between the characters of the standard
character set and the characters of the native character set.

b. If the NATIVE phrase is specified, the native character code set
or native collating sequence 1s used, The native collating
sequence 1is as in ANSI publication X3. 4-1968 (see Appendix B).

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

The character that has the lowest ordinal position in the program
collating sequence specified is 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 associlated
with the figurative constant LOW=VALUE.

The literal which appears 1in the CURRENCY‘SIGN IS literal clause is
used 1in' the PICTURE clause to represent the currency symbol., The
literal ;is limited to a single character and must not be one of the
following characters.,
* digits 0 thru 9;

* alphabetic characters A, B, C, D, L, P, R, S, V, X, Z, or the

space;
* special characters '*" |+|’ l_', ',"’ '." l;" '(" ')V’ l""
'/'Ot Tal!,

If this clause 1is not present, only the currency sign 1is used in the
PICTURE clause.

The clause DECIMAL-POINT IS COMMA means that the ‘function of comma and
period are exchanged in the character-string of the PICTURE clause and
in numeric literals.

The clause CURSOR IS specifies the data-name to contain the CRT .cursor
address as used by the ACCEPT statement (see THE ACCEPT STATEMENT later
in this Chapter).



DATA DIVISION IN THE NUCLEUS

WORKING STORAGE SECTION

The Working-Storage Section 1s composed of the section header, followed
by data description entries for noncontiguous data 1items and/or record
description entries. Each Working=-Storage Section record name and
noncontiguous item name must be unique.

Noncontiguous Working=Storage

Items and coanstants in Working-Storage which bear no hierarchical
relationship to one another need not be grouped into records, provided they
do not need to be further subdivided. Instead, they are classified and
defined in a separate data description entry which begins with the special
level=-number, 77.

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

* Level=-number 77
* Data-name
bad The PICTURE clause or the USAGE IS INDEX clause

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

Workigg—Storage Records

Data elements and coastants in Working-Storage which bear a definit=
hierarchic relationship to one another must be grouped 1into cecords
according to the rules for formation of record descriptions. All clauses
which are used 1in record descriptions in the File Section can be used in
record descriptions in the Working-Storage Section.

Initial Values

The initial value of any 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 1is unpredictable.

THE DATA DESCRIPTION - COMPLETE ENTRY SKELETON

Function

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



General Format

data-name-l}

level-number { FILLER

{; REDEFINES data-name=-2]

B {%%%ZHEE} IS character-string]
-
COMPUTATIONAL
; [USAGE ISK COMP
DISPLAY
[0 (sien IS]{%%%%%%%C} [SEPARATE CHARACTER]]

[ { SYNCHRONIZED) f LEFT
SYNC RIGHT

B JUSTIFIED
. ———— H
; { oot } RIGHT

(s BLANK WHEN ZERO]

[ VALUE IS literal]

Syntax Rules

l.

2.

3.

The level-number in Format 1l may be any number from 01-49 or 77.

The clauses may 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 wused, must. immediately follow the
data-name~l clause.

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

General Rule

The clauses SYNCHRONIZED, PICTURE, JUSTIFIED, and BLANK WHEN ZERO, must

not be specified except for an elementary data item.
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THE DATA-NAME OR FILLER CLAUSE

Function

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

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

General Foramt

data-name
{ FILLER

Syntax Rule

L. In the File, Working-Storage, Communication and Linkage Sections, a
data-name or the key word FILLER must be the first word following the
level-number in each data description entry.

General Rule

1. 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.



THE JUSTIFIED CLAUSE

Function

The JUSTIFIED clause specifies non-standard positioning of data within

A veceilving data item.

General Format

{ JUSTIFIED

JUST } RIGHT

Syntax Rules

10

2.

30

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

JUST is an abbreviation for JUSTIFIED.

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

General Rules

l.

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

When the JUSTIFLED clause is omitted, the standard rules for aligning
data within an elementary item apply. (See Standard Alignment Rules.)
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LEVEL NUMBER
Function

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

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 a File Description entry mnust
have level-numbers with the values 01-49., (See THE FILE DESCRIPTION in
Chapter 5).

3. Data description entries in the Working-Storage Section and Linkage
Section must have level-numbers with the values 01-49.

General Rules

l. The level-number 0l identifies the first entry 1in each record
description or a report group.

2. The level-number 77 1is assigned to identify noncontiguous working
storage data items, noncontiguous linkage data items, and can be used
only as described by Format 1 of the data description skeleton. (See
THE DATA DESCRIPTION - COMPLETE ENTRY SKELETON in this Chapter).

3. Multiple level 0l entries subordinate to any given level indicator,
represent implicit redefinitions of the same area.
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THE PICTURE CLAUSE

Function

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

General Format

{ PICTURE

PIC } IS character-string

Syntax Rules

l. A PICTURE clause can be specified only at the elementary item level.

2. A character-string consists of certain allowable 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.

4, The PICTURE clause must be specified for every elemgntéry item except
an index data item, in which case use of this clause 1is prohibited.

S. PIC is an abbreviation for PICTURE.

6. The asterisk when used as the zero suppress}bh symbbl and the clause
BLANK WHEN ZERO may not appear in the same entry.

General Rules

There are five categories of data that can be described with a PICTURE
clause: alphabetic, numeric, alphanumeric, alphanumeric edited, and aumeric
edited. General rules within these categories are given below:

Alphabetic Data Rules
l. Its PICTURE character-string can only contain. the symbols 'A', 'B'; and

2. Its contents when represented in standard data format must be any
combination of the twenty-six (26) letters of the Roman alphabet and
the space from the COBOL character set.

Numeric Data Rules

1. The PICTURE character-string can only contain the symbols '9', 'P’',
'S', and 'V'. The number of digit positions that can be described by
the PICTURE character-string must range from 1 to 13 inclusive.

2. If unsigned, the data in standard data format must be a combination of
the Arabic numerals '0', 'l', '2', '3', '4', 's5', ‘'e', '7', '8', and
'9'; {f signed, the item may also contain a '+', '=', or other
representation of an operational sign. (see THE SIGN CLAUSE later in
this Chapter).
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Alpanunseric Data Rules

1. The PICTURE character-string is restricted to certain combinations of
the symbols 'A', 'X', '9', and the 1item {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 defin: an alphanumeric item; and

2. The contents when represented in standard data format can consist of
any characters in the computer's character set.

Alphanumeric Edited Datda Rules

1. Its PICTURE character-string 1is restricted to certain combinations of
the following symbols: 'a', 'x', '9', 'B', '0', and '/' as follows:

a. The character-string must contain at least one 'B' and at least
one 'X' or at least one 'O' (zero) and at least one 'X' or at
least oune '/' (stroke) and at least one 'X'; or

b. The character-string must contain at least one 'O' (zero) and at
least ohe 'A' or at least oane 'l' (stroke) and at least one 'A';
and

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

Nuineric Edited Data Rules

1. Its PICTURE character-string 1s restricted to certain combinations of
thl& symbols 'B', l/l' 'P', 'V', 'zl' lov' '97’ "'. l." ’*l' '*" l_l'
'CR', 'DB', and the currency symbol. The allowable combinations are
determined from the order of precedence of symbols and the editing
rules as follows:

a. The number of digit positions that can be represented in the
PICTURE character-string must range from 1 to 18 inclusive.

b. The character-string must contain at least one '0', 'B', '/', '2°',
Tl Tt N, =", 'CR', 'DB', or currency symbol.
2. 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.

Elementary Item Size

The size of an elementary item, where size means the number of
character positions occupied by the elementary item in standard data format,
is determined by the number of allowable symbols that represent character
positions. An integer which 1is enclosed in parentheses following the sybols
nAv’ c’|’ 'X', 091’ on. 'zl' l*l’ 'B', '/v’ 10!’ '+|' l_v' or the currency
symbol indicates the number of consecutive occurrences of the symbol. Note
that the following symbols may appear only once in a given PICTURE: 'S',
'y', '.', 'CR', and 'DB'.
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Symbols Used

The functions of the symbols used to describe an elehentary item are

explained as follows:

A -

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

Each 'B' in the character-string represents 4 character position into
which the space character will be inserted.

Each 'P' indicates an assumed decimal scaling ,position and 1is used to
specify the location of an assumed decimal point when the point is not
within the number that appears in the data item. The scaling position
character 'P' 1is 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' 1is 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., 1If, in any operation involving conversion of data
from one form of 1internal 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 1item 1s considered to 1include the digit
positions so described. '

The letter 'S' is used in a character-string to indicate the presence,
but neither the representation nor, necessarily, the position of an
operational sign; it must be written as the ‘leftmost character in the
PICTURE. The 'S' is not counted in determining the size (in terms of
standard data format characters) of the elementary 1item unless the
entry 1s subject to a SIGN clause which specifies the optional SEPARATE
CHARACTER phrase. (See the SIGN Clause in this Chapter.)

The 'V' 1is used in a character-string to indicate 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 1in the size of the elementary item.  When the assumed decimal
point is to the right of the rightmost symbol: in the :string the 'V' igs
redundant. :

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

Each 'Z' in a character-string may only be. used to represeant the
leftmost numeric character positions which will be replaced by a space
character ‘when the contents of that charactetr position 1is zero. Each
'Z' is counted in the size of the item.
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cs -

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 1s 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 1is an
editing symbol which represents the decimal point for alignment
purposes and 1u addition, represents a character position into which
the character '.' will be inserted. The character '.' 1is counted in
the size of the item. For a given program the functions of the period
and comma are exchanged 1f the clause DECIMAL-POINT IS COMMA 1is 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 1in a PICTURE clause. The 1insertion
character '.' must not be the last character in the PICTURE
character-string.

uwn, DB - 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 1in any one character-string and each
character used in the symbol is counted in determining the
size of the 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 is zero. Each '*' is counted in the size
of the item.

The currency symbol in the character-string represents a character
position into which a currency symbol is to be placed. The currency
symbol in 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 item.

Editing Rules

There are two general methods of performing editing in the PICTURE

clause, either by insertion or by suppression and replacement. There are

four

types of insertion editing available. They are:

Simple insertion
Special insertion
Fixed insertion
Floating insertion

* * X
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There iare two types of suppression and replacement editing:

* Zero suppression and replacement with spaces
* Zero suppression and replacement with asterisks

The type of editing which may be performed upon an item 1is dependent
upon the category to which the item belongs. Table 3-1 specifies which type
of editing may be performed upon a given. category.

Table 3-1. Editing Types for Data Categories

CATEGORY TYPE OF EDITING
Alphabetic Simple insertion 'B' only
Numeric None

Alphanumeric None

Alphanumeric Edited Simple insertion '0', 'B' and '/’

Numeric Edited

Floating insertion editing and editing by zero suppression and replace-
ment are mutually exclusive i1in a PICTURE clause. Only one type of
replacement may be used with zero suppression in a PICTURE clause.

Simple Insertion Editing

Simple Insertion Editing. The ',' (comma), 'B' (space), '0' (zero),
and '/' (stroke) are used as the 1insertion characters. The 1insartion
characters are counted in the size of the item and represent the position in
the item into which the character will be inserted.

Special Insertion Editing

Special Insertion Editing. The '.' (period) 1is used as the insertion
character, In addition to being an insertion character it 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, represeanted by the symbol 'V' and the actual decimal
point, represented by the 1insertion character, 1in the same PICTURE
character-string is disallowed. The result of special insertion editing is
the appearnace of the insertion character in the item in the same position
as shown in the character-string.

Fixed Insertion Editing

Fixed Insertion Editing. The currency symbol and the editing sign
control symbols, '+', '=', 'CR', 'DB', are the 1insertion characters. Only
one curr2ucy 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 '-', when used, must be
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either tne leftmost or rightmost character position to be counted in the
size of the item. The currency symbol must be the leftmost character

Table 3-2 Editing Symbols in PICTURE Character-Strings

RESULT
EDITING SYMBOL IN

PICTURE CHARACTER-STRING DATA ITEM DATA ITEM
POSITIVE OR ZERO NEGATIVE

H + -

- 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 using a string of at least two of the floating insertion characters.
This string of floating insertion characters may 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.

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 1limit of the
floating symbols in the data item.

The second floating character from the left represents the leftmost
limit of the numeric data that can be stored in the data item. Noa-zero
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 way 1is to represent any or all of the
leading numeric character positions on the left of the decimal point by the
insertion character. The other way 1s to represent all of the numeric
character positions 1in the PICTURE character-string by the 1insertion
character.

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

If all numeric character positions 1in 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.
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If the value 1is not zero, the result 1is the same as when the insertion
character is only to the left of the decimal point.

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 non-floating insertion characters being edited
into the receiving data item, plus one for the floating insertion character.

Zero Suppression Editing

The suppression of 1leading zeros in numeric character positions is
indicated by the use of the alphabetic character 'Z' or the character '*'
(asterisk) as suppression symbols 1in a PICTURE character-string. These
symbols are mutually exclusive in a given PICTURE character-strimng. Each
suppression symbol is counted in determining the size of the item. If 'Z’
is used, the replacem ' character will be the space and if the asterisk is
used, the replacement character will be '*',

Zero suppression and replacement 1is indicated in a PICTURE
character-strong 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 associlated character position in the data contains a zero. Any of
the simple insertion characters embedded in the string of Symbols ocr to the
immediate vright of this string are part of the string.

In a PICTURE character-string, there are only two ways of represanting
zero suppression. One way is to represent any or all of the leading numeric
character positions to the left of the decimal point by suppression symbols.
The other way is 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 in the
string is replaced by the replacement character. Suppression terminates at
the first non-zero digit in the data represented by the suppression symbol
string or at the decimal point, whichever 1s encountered first.

If all numeric character positions in the PICTURE character-string are
represented by suppression symbols and the value of the data 1is not zero,
the result is the same as 1if the suppression characters were only to the
left of the decimal point. TIf 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.

The symbols '+', '-', '#'  'Z' and the currency symbol, when used as

floating replacement characters, are mutually exclusive within a given
character-string.

Precedence Rules

Table 3-3 shows the order of precedence when using characters as
symbols in a character-string. An 'X' at an intersection indicates that the
symbol(s) at the top of the column may precede, in a given character-string,
the symbol(s) at the left of the row. Arguments appearing 1in braces
indicate that the symbols are mutually exclusive. The currency symbol is
indicated by the symbol 'cs'.

3 -18



At least one of the symbols 'A',

'

lxl’ 'Z',

l9'

or '*' or at least two

of the symbols '+', '=' or 'cs' must be present in a PICTURE string.
Table 3-3. PICTURE Character Precedence Chart.
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In Table 3-3, non-floating insertioa symbols '+' and '-', floating
insertion symbols 'Z', '*', '+'  '-' and 'cs', and other symbol '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 symbol in the row and column

represents 1its use to the right of the decimal point position.



THE REDEFINES CLAUSE
Function

The REDEFINES clause allows the same computer storage area to be
described by different data description entries.

General Format

level-number data-name-l; REDEFINES data-name=2
NOTE: Level-number, data-name-l1 are shown in the above format to fmprove
clarity. Level-number and data-name-l are not part of the
REDEFINES clause.

Syntax Rules

1. The REDEFINES <clause, when specified, must 1immediately follow
data-nane-l.

2. The level-numbers of data-name-l1 and data-name-2 must be identical.

3. This clause must not be used in level 0l entries in the File Section.
(See General Rule 2 of THE’DATA RECORDS CLAUSE in Chapter 5.

4. This clause must not be used in level 0Ol entries in the Communication
Section.

5. The data description entry for data-name-=2 cannot contain an OCCURS
clause, Neither the original definition nor the redefinition can
include an item whose size is variable as defined in the OCCURS clause.
(See THE OCCURS CLAUSE in Chapter 4).

6. No entry having a level-number numerically lower than the level-number
of data-name-2 and data-name-l may occur between the data description
entries of data-name-2 and data-name-l.

General Rules

1. Redefinition starts at data-name-2 and ends when a level-uu.amber less
than or equal to that of data-name-2 is encountered.

2. When the level-number of data-name-l1 is other than Ol, it must specify
the same number of character positions that the data item referenced by
data-name-~2 contains. It 1is important to observe that the REDEFINES
clause specifies the redefinition of a storage area, not of the data
items occupying the area.

3. 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 use the
data-name of the entry that originally defined the area.
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4. The entries giving the new description of the character pousitions nmust

not contain any VALUE clauses.

5. Multiple level 0l entries subordinate to any given 1level indicator
represent implicit redefinitions of the same area.
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THE SIGN CLAUSE

Function

The SIGN clause specifies the position and the mode of representation

of the operational sign when it 1s necessary to describe these properties
explicitly.

General Format

LEAD ING

[SIGN £§J{T§KTET§C‘}[SEPARATE CHARACTER]

Syntax Rules

L.

The SIGN clause may be specified only for a numeric data description
entry whose PICTURE contains the character 'S', or 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 1s. DISPLAY.

At most one SIGN clause may apply to any given numeric data description
entry.

If the CODE-SET clause 1is specified, any signed numeric ‘data
description entries associated with that file description entry must be
describedwith the SIGN IS SEPARATE clause.

General Rules

l.

2.

The optional SIGN clause, 1f present, specifies the position and the
mode of representation of the operational sign for the numeric data
description entryto which 1t 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 neither the representation nor, necessarily, the position of the
operational sign.

A numeric data description entry whose picture contains the character
'S', but to which no optional SIGN clause applies, has an operational
sign, but neither the representation nor, necessarily, the position of
the operational sign 1is specified by the character 'S'. In this
(default) case, general rules 3 through 5 do not apply to such signed
numeric data items.

If the optional SEPARATE CHARACTER phrase is not present, then:
a. The operational sign will be presumed to be associated with the

leading (or, respectively, trailing) digit position of the
elementary numeric data item.

b. The letter 'S' in a PICTURE character-string is not counted in
determining the size of the item (in terms of standard data format
characters).
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If the optional SEPARATE CHARACTER phrase is present, then:

a. The operational sign will be presumed to be the leading (or,
respectively, trailing) character position of the elementary
numeric data item; this character position 1s not a digit
position.

b. The 1letter 'S' in a PICTURE character-string 1is couated in
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' 1is a signed numeric data description entry. If a SIGN
clause applies to such an entry and conversion 1s necessary for
purposes of computation or comparisons, conversion takes place
automatically.
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THE SYNWCHRONIZED CLAUSE

Function

The SYNCHRONIZED clause specifies the alignment of an elementary item

on the natural boundaries of the computer memory (see LTEM ALIGNMENT FOR
INCREASED OBJECT-CODE EFFICLENCY 1in Chapter 2).

General Format

{

SYNCHRONIZED LEFT
SYNC } RIGHT

Syntax Rules

1.

2‘

This clause may only appear with an elementary item.

SYNC 1is an abbreviation for SYNCHRONIZED.

General Rules

l.

2‘

The SYNCHRONISED clause 1is accepted for documentation purposes only.

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

a. The size of any group 1item(s) to which the elementary item
belongs; and

b. The character positions redefined when this data item 1s the
object of a REDEFINES clause.

SYNCHRONIZED not followed by either RIGHT or LEFT specifies that the
elementary item is to be positioned between natural boundaries in such
a way as to effect efficient utilization of the elementary data item.

SYNCHRONIZED LEFT specifies that the elementary item 1s to be posi-
tioned such that it will begin at the left character pusition of the
natural boundary in which the elementary item 1is placed.

SYNCHRONIZED RIGHT specifies that the elementary item 1{s to be posi-
tioned such that it will terminate on the right character position of
the natural boundary in which the elementary item is placed.

Whenever a SYNCHRONIZED item 1is 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.
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If the data description of an item contains the SYNCHRONIZED clause and
an operational sign, the sign of the 1item appears 1in the normal
operational sign position, regardless of whether the 1itam {is
SYNCHRONIZED LEFT or SYNCHRONIZED RIGHT.

When the SYNCHRONIZED clause 1is specified in a data description entry
of a data item that also contains an OCCURS clause, or 1in 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 itens.,

This clause 1is hardware dependent.
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THE USAGE CLAUSE

Function

The USAGE clause specifies the format of a data item in the computer

storage.

General Format

COMPUTATIONAL
[USAGE IS] COMP

DISPLAY

COMPUTATIONAL=-3

CcoMP-3

Syntax Rules

L.

20

The PICTURE character-string of a COMPUTATIONAL or COMPUTATIONAL-3 {iten
can contain only '9's, the operational sign character 'S', the implied
decimal point character 'V', one or more 'P's. (See THE PICTURE CLAUSE
earlier in this Chapter).

COMP is an abbreviation for COMPUTATIONAL.

General Rules

1.

The USAGE clause can be written at any level. If the USAGE clause 1s
written at group level, {t 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.

This clause specifies the manner in which a data item 1is represented in
the storage of a: computer. It does not affect the use of the data
item, although the specifications for some statements in the Procedure
Division may restrict the USAGE clause of the operands referred to.
The USAGE clause may affect the radix or type of character
representation of the item.

A COMPUTATIONAL or COMPUTATIONAL-3 item 1is capable of representing a
value to be used in computations and must be numeric. If a group item
is described as COMPUTATIONAL(~3), the elementary items in the group
are COMPUTATIONAL(-3). The group item itself is not COMPUTATIONAL (-3)
and cannot be used in computations.

The USAGE IS DISPLAY clause indicates that the format of the data 1is a
standard data format.

If the USAGE clause 1is not specified for an elementafy item, or for any
group to which the item belongs, the usage 1is 1implicitly DISPLAY.

Space requirements for the various USAGE storage options are given
under Selection of Character Representation and Radix in Chapter 2.
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THE VALUE CLAUSE

Function

The VALUE clause defines the value of constanfs, the initial value of

working storage items, the ianitial value of data items 1n the Communication
Section.

General Format

VALUE is literal

Syntax Rules

1.

2.

The VALUE clause cannot be stated for any items whose size 1s variable.
(See THE OCCURS CLAUSE in Chapter 4).

A signed numeric literal must have assoclated with it a signed numeric
PICTURE character-string.

All numeric literal in a VALUE clause of an item must have a value
which 1s 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. ’

General Rules

10

The VALUE clause must not coaflict with other clauses 1in 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 1item, the 1literal 1is aligned in the data item
according to the standard alignment rules. (See Standard
Alignment Rules in Chapter .. ).

b. If the category of the item 1s alphabetic, alphanumeric,
alphanumeric edited or numeric edited, all literals in the VALUE
clause must be nonnumeric literals., The literal 1is aligned in the
data item as if the data item had been described as alphanumeric.
(See STANDARD ALIGNMENT RULES in Chapter 2). Editing characters
in the PICTURE clause are included in determining the size of the
data item (see THE PICTURE CLAUSE earlier 1in this Chapter) but
have no effect on initialization of the data item. Therefore, the
VALUE for an edited item is presented in an edited form.

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



Data D=scription Entries other than Condition-Names

Rules governing the use of the VALUE clause differ with the respactive

sections of the Data Division:

1.

The VALUE clause cannot he used 1a the File Section. 1In the File
Section, the VALUE clause may be used only in cqndition-name entries.

In the Working-Storage Section, the VALUE clause may be used to specify
the initial value of a data item; in which case the clause causas the
item to assume the specified value at the start of the object program.
If the VALUE clause 1s not used in an item's description, the initial
value 1is undefined.

The VALUE clause cannot be used in the Linkage Section. In the Linkage
Section, the VALUE clause may be used only in condition-name eatries,

The VALUE clause may be stated in a data description entry that
contains an OCCURS clause, but not in an entry that is subordinate to
an entry containing an OCCURS clause, (See THE OCCURS CLAUSE 1in
Chapter 4).

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.

If the VALUE :clause 1is used in an entry at the group level, the literal
must be a figurative constant or a nonnumeric literal, and the group
area is initialized without consideration for the individual elementary
or group items contained within this group. The VALUE clause caanot be
stated at the subordinate levels within this group.

The VALUE clause must not be written for a group containing items with
descriptions, including JUSTIFIED, SYNCHRONIZED, or USAGE (other than
USAGE IS DISPLAY).



PROCEDURE DIVISION IN THE NUCLEUS

CONDITIONAL EXPRESSIONS

Conditional expressions identify conditions that are tested to enable
the object program to select between alternate paths of control depending
upon the truth value of the condition. Conditional expressions are
specified 1in the IF, PERFORM and SEARCH statements. There are two
categories of conditions associated with conditional expressions: simple
conditions and relation conditions. Each may be enclosed within any number
of paired parentheses, in which case its category 1is not changed.

Simple Condifions

The simple <conditions are the relation, «class, switch-status,
conditions. A simple condition has a truth value of 'true' or 'false'. The
inclusion in parentheses of simple conditions does not change the simple
truth value,

Relation Condition

A relation condition causes a comparison of two operands, each of which
may be the data item referenced by an identifier, a literal. A relation
condition has a truth value of 'true' if the relation exists between the
operands. Comparison of two numaric 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 1tem, the nonnumeric comparison rules apply.

The general format of a relation condition is as follows:

IS [NOT] GREATER THAN
IS [NOT] LESS THAN

identifier—l} IS [NOT] EQUAL TO {identifier-Z}
literal-l IS [NOT] > literal=2
IS [NOT] <
IS [NOT] =
NOTE: The required relational characters '<', '>', and '=' are not

underlined to avoid confusion with other symbols such as '>'
(Greater than or equal to)

The first operand (identifier-l or literal-l) 1is called the subject of
the condition; the second operand (identifier-2 or literal-2) is called the
object of the condition. The relation condition must ccautain 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
comprising the relational operator. 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; e.g.,, 'NOT EQUAL' is a truth test
for an 'unequal'.
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Comparison; 'NOT GREATER' is a truth test for an 'equal' or 'less'
comparison. The meaning of the relational operators 1is as shown in Table
3-4.

Table 3-4. Relatioral Operators.

Meaning Relational Operator AW

Greater than or not greater than IS NOT GREATER THAN

IS NOT >
Less than or not less than IS NOT LESS THAN

Is NOT <
Equal to or not equal to IS NOT EQUAL TO

s NUT -
The required relational characters '>', '<', and 's' are not
underlined to avoid confusion with other symbols such as '>'
(Greater than or equal to).

Comparison of Numeric Operands: For operands whose class 1s numeric a
comparison is made with respect to the algebraic value of the operands. The
length of the literal in terms of number of digits represented, is not
significant., Zero 1s considered a unique value regardless of the sign.

Comparison of these operands 1is permitted regardless of the manner ia which
their usage is described. Unsigned numeric operands are considered positive
for purpuses of comparison.

Comparison of Nonnumeric Operands: For nonnumeric operands, or one numeric
and one nonnumeric operand, a comparison is made with respect to a specified
collatinyg sequence of characters (see The OBJECT-COMPUTER Paragraph in this
Chapter). If one of the operands 1is specified as numeric, it must be an
integer data item or an integer literal and:

L. If the nonnumeric operand 1is an elementary data item or a nonnumeric
literal, the numeric operand 1s 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. (See THE MOVE STATMENT 1in this Chapter, and the PICTURE
Character 'P' under the Reading Symbols Used earlisr in this Chapter).

2. If the numeric operand is a group item, the numeric operand 1is 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 1item were then compared to the nonnumeric
operand. (See THE MOVE STATEMENT in this Chapter, and the PICTURE
character 'P' under the Heading Symbols Used earlier in this Chapter).

3. A non-integer numeric operand cannot be compared to a nonnumeric
operand.
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The size of an operand is the total number of standard data format
characters in the operand. MNumeric and nonnumeric operands may be compared
only when their -usage 1s the same.

There are two cases to consider:

1. Operands of equal size - If the operands are of equal size, comparison
effectively proceeds by comparing characters 1a corresponding character
positions starting from the high order end and continuing until either
a pair of unequal characters is encountered or the low order eand of the
operand is reached, whichever comes first. The operands are determined
to be equal if all pairs of characters c¢ompare.equally through the last
palr, when the low order end 1s reached,

The first encountered pair of unequal characters 1s compared to deter-
mine 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.

2. Operands of unequal size - If the operands are of unequal size,
comparison proceeds as though the shorter operand were extended on the
right by sufficient spaces to make the operands of equal size.

Class Condition

The class condition determines whether the operand is numeric, that is,
consists entirely of the characters 'O', 'l', '2', '3' ..., '9', with or
without the operational sign, or alphabetic, that 1is, counsists entirely of
the characters 'A', 'B', 'C', ..., 'Z', space. ‘The general format for the
class condition is as follows: '

identifier IS [NOT]{NUMERIC }

ALPHABETIC

The usage of the operand being tested must be ':scribed 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; e.g. 'NOT NUMERIC'
is a4 truth test for determining that an operand is nonnumeric.

The NUMERIC test cannot be used with an item whose data description
describes the 1item as alphabetic or as a group item composed of elementary
items whose data description indicates the presence of operational sign(s).
If the data description of the 1item being tested does not indicate the
presence of an operational sign, the 1item being tested 1is determined to be
numeric only 1if 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 sign, the item being tested is determined to be numeric only
if the contents are numeric and a valid operational sign is present. Valid
operational signs for data items described with the SIGN IS SEPARATE clause
are the standard data format characters, '+' and '-'.

The ALAPHABETIC test cannot be used with an item whose data description
describes the 1item as numeric. The item being tested 1is determined to be
alphabetic only if the contents consist of any combination of the alphabetic
characters 'A' through 'Z' and the space.
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Switch-Status Condition

A switch-status coudition determines the 'on' or 'off' status of an

implementor-defined switch., The 1implementor-name and the ‘on' or 'off'
value assoclated with the condition wnust be named 1in the SPECIAL=-NAMES
paragrapn of the Environment Division. The general format for the
switch-status condition is as follows:

condition-name

The result of the test 1is true 1if the switch 1is set to the specified
position corresponding to the condition-nane.
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COMMON PHRASES AND GENERAL RULES FOR STATEMENT FORMATS

In the statement descriptions that follow,.,éeveral phrases appear
frequently: the ROUNDED phrase, the SIZE ERROR phrase.

These are described below. A resultant-identifisr is that identifier
assoclated with a result of an arithmetic operation.

The Rounded Phrase

If, after decimal point alignment, the number of places in the fraction
of the result of an arithmetic operation 1ig 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 whenever the most significant digit of the the excess 1s greater than or
equal to five.

When the low-order integer positions in a resultant-identifier are
represented by the  character 'p! in the PICTURE for  the
resultant-identifier, rounding or truncation occurs relative to the
rightmost integer position for which storage 1s allocated.

The Size Error Phrase

If, after decimal point alignment, the absolute value of a result
exceeds the largest value that can be contained 1in the associated
resultant-identifier a size error coadition exists. Division by zero always
causes a size error condition. The size error condition applies anly to the
final results, except in MULTIPLY and DIVIDE statements, ,in which case the
size error condition applies to the intermediate results as well, If the
ROUNDED phrase 1is specified rounding takes place :before checking far size
error. When such a size error condition occursy the -subsequent action
depends on whether or not the SIZE ERROR phrase 1s specified as follows:

SIZE ERROR Phrase Not Specified

When a size error condition occurs, ‘the value of those
resultant-identifier(s) affected is undefined. Values of
resultant-identifier(s) for which no size error condition occurs are
unaffected by size errors that occur for other resultant-identifier(s)
during execution of this operation.

SIZE ERROR Phrase Specified

When a size error condition occurs, then the values of
resultant-identifier(s) affected by the size errors are not altered. A"t.r
completion of the execution of this operation, the imperative statement in
the SIZE ERROR phrase is executed.
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Arithmetic Statements

The arithmetic statements are the ADD, DIVIDE, MULTIPLY, and SUBTRACT
statements. Common fedtures are as follows:

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

2. The maximum size of each operand is 18 decimal digits. The composite
of operands, which 1is a hypothatical data {item resulting from the
superimposition of specified operands in a statement aligned on their
decimal points (See THE ADD STATEMENT, THE DIVIDE STATEMENT, THE
MULTIPLY STATEMENT and THE SUBTRACT STATEMENT later in this Chapter).

Overlapping Operands

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

Incompatible Data

Except for the class condition (See Class Condition in this Chapter),
when the contents of a data item are referenced in the Procedure Division
and the coatents of that data item are not compatible with the class
specified for that data item by its PICTURE clause, then the result of such
a reference is undefined.

CRT Devices

The CRT 1is driven directly by the run time system via a buffer. The
COBOL programmer moves data into and out of this buffer by means of ACCEPT
and DISPLAY statements. Each ACCEPT or DISPLAY action 1s relative to the
start of the CRT buffer unless POSITION 1s specified. The syntax is limited
to inputting to or outputting from a single data name. The data name may be
a group item and several such group items may redefine the same area of
storage.

The use of FILLER data items in record descriptions used for input or
output to a CRT device 1s subject to special rules. On output, any FILLER
item 1in a record results 1in suppression of output for the character
positions it defines. On input, any FILLER item suppresses operator keying
into the character positions it defines.
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THE ACCEPT STATEMENT

Function

The ACCEPT statement causes data keyed at the CRT console to be made

available to the program in a specified data item

General Formats

Format 1

ACCEPT identifier [FROM CONSOLE]

Format 2

data-name-=2

ACCEPT data-name-~l [éz_ {iiteral-l }] FROM CRT-

General Rules

1. Format l is the standard ANSI ACCEPT statement

Format 2 is the extended ACCEPT format.
The two formats are distinguished by their FROM phrases and the default
assumes FROM CONSOLE. The default can, however, be changed by
. specifying CONSOLE IS CRT in the SPECIAL-NAMES clause so that FROM CRT
becomes the default. This changed default is not shown in the syntax
above.

Format 1

2, The ACCEPT statement reads one line of input data from the system
consol device. This input data replaces the contents of the data item
naned by the identifier. '

3. The line of 1input 1is line-edited according to' the operating systenm
rules for line-editing (see Operating Systems User Guide)., The line is
terminated by pressing the CR (Carriage Return) key or by exceeding 120
characters in length.

4. If the input line 1s of the same size as the receiving data item, the
transferred data is stored in the receiving data item.

5. If the 1nput line is not of the same size as the receiving data item,

then:

a. If the size of the receiving data item exceeds the size of the
input' line, the transferred data 1is stored aligned to the left in
the receiving data item and the data item is filled with trailing
3nices,

b. If the size of the transferred data exceeds 120 bytes, only the
first 120 characters of the input line are stored in the receiving

data item. The remaining characters of the input line which do
not fit into the receiving data item are ignored.
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Format 2

6.

10.

11.

12.

13.

14,

15.

The ACCEPT statement causes the transfer of data from the CRT to
data-name-1. The couteants of data-name-l are replaced by this data.

data-name~l 1s taken as a definition of the screen area 1in which
elementary data items correspond to areas on the screen into which the
operator can key, FILLER fields correspond to areas on the screen which
are 1lnaccessable to the operator.

Elementary data 1items within data-name-l may be alphanumeric, 1integer
numeric, numeric or edited. Numeric items are treated as two sepdrate
integer numeric fields, and edited fields are treated as alphanumeric
fields except as described in rule 16.

AT data-name-2 or literal-l defines the position on the screen of the
leftmost character of the data. Either form must refer to a PIC 9999
field. The most significant 99 is taken as a line count in the range
one to the maximum lines on the user screen. The least significant Y9
is taken as a character position in the range one to the maximum
positions allowed by the screen width of the user CRT.

data-name-l may refer to a record, group or elementary item, but it may
not be subscripted. REDEFINES may be used within data-name-l, in which
case the first description of the data 1is used and subsequent
descriptions are ignored. OCCURS and nested OCCURS may also be used
with the effect that the repeated data-item is expanded into the full

number of times 1t occurs and one definition 1is thus automatically
repeated for many fields.

Immediately wupon execution of the ACCEPT statement a cursor is
displayed in the CRT location corresponding to the leftmost non-FILLER
character position 1in data-name-l. Alternatively, when CURSOR is
specified 1in the SPECIAL-NAMES paragraph, the cursor displays at the
position held in the CURSOR data-name. The CURSOR position 1is stored
in CURSOR data-name in the same format as the screen position is held
in data-name-2. If the data-name-2 has the value SPACE or ZERO, the
effect 1s as if CURSOR was not specified.

If FROM CRT 1s not specified, the default is FROM CONSOLE (see rule 1
above),

As the operator keys characters, the cursor moves to the right oune
chdiracter position at a time in locations corresponding to data fields.
The operator always keys into the curreat cursor position. At the end
of a line the cursor moves down one line and to the leftmost non-FTLLER
character position.

If the data item is integer numeric, only numeric characters (0 - 9)
will be accepted 1into that item. Keying the decimal point character (.
or , as specified in the DECIMAL POINT phrase) when accepting a numeric
item causes the item to be right justified and zero-filled from the
left,

When the cursor location reaches a position corresponding to a FILLER
item in a data-name, it immediately skips to the next non-FILLER
character position, or if there 1is no such position remaining in the
portion of the CRT specified by the data-name, 1t remains in 1its
current position.
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16. The operator can terminate input by pressing the CR (carriage return)

key a

t which time control is passed to the next statement after ACCEPT.

Before control is passed to the next statement the following takes

place:

a.

.

The numeric value of each numeric-edited data-field 1is formed
internally from only the keyed characters. 0 to 9, +, -, . or , and
then moved back to the numeric-edited field with the ANSI PICTURE
editing applied. The field may thus be different to that shown on
the CRT just before the Carriage Return key was pressed.

When CURSOR IS is specified in the SPECIAL-NAMES paragraph, the
cursor position when the Carriage Return key 1s pressed is
returned 1in the data-name specified by the CURSOR IS clause.

17. Before keying CR, the operator can reposition the cursor to overwrite

data

already keyed or to skip character positions by use of the

character positioning keys as shown in Table 3 - 5.

NOTE: The actual key identification and functions shown in this table
varies according to the CRT used and the way it is configured (See
the CIS COBOL Operating Guide).

Table 3-5. Cursor Repositioning Keys.

KEY: FUNCTION:
—

Backs up the cursor one position.

Backs up the cursor to the start of the
non-FILLER field prior to the currept cursor
position.

Moves the cursor on to the start of the next
non-FILLER field in advance of the current’
cursor position,

Moves the cursor on one position without
overwriting existing contents.

\\\ non-FILLER field in the CRT area corresponding

Moves the cursor back to the start of the first

to data-name-l.
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THE ADJD STATEMENT
Function
The ADD statement causes two or more numeric operands to be summed and

the result to be stored.

General Format

Format 1

D {identifier-l} ,jidentifier-2
literal-l literal=2

}] «+. TO identifier-m [ROUNDED]
[, identifier-n [ROUNDED]] ces [; ON SIZE ERROR imperative=-stat.uent]
Format 2

ADD

{identifier-lv , identifier-Z} , identifier-3} e
literal-l literal=2 literal-3

GIVING identifier-m  [ROUNDED] [, identifier-n  [ROUNDED) ]

[; ON SIZE ERROR imperative-statement]

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 item or an elementary
numeric edited item,

2. Each literal must be a numeric literal.

3. The composite of operands must not contain more than 18 digits (see The
Arithmetic Statements in this Chapter).

a. In Format 1 the composite of operands is determined by using all
of the operauds in a given statement,

b. In Format 2 the composite of operands 1s determined by using ail

of the operands in a given statement excluding the data items that
follow the word GIVING.

General Rules

l. See THE ROUNDED PHRASE, THE SIZE ERROR PHRASE, THE ARITHMETIC
STATEMENTS and OVERLAPPING OPERANDS in this Chapter.
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If Format 1 is used, the values of the operands preceding the word TO
are added together, then the sum is added to the current value of
identifier-m storing the result immediately into identifier-m.

If Format 2 is used, the value of the operands preceding the word
GIVING are added together, then the sum is stored as the new value of
identifier-m, the resultant identifiers.

The compiler ensures that enough places are carried so as not to lose
any significant digits during execution.
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THE ALTER STATEMENT
Fung&&gﬂ

The ALTER statement modifies a predetermined sequence of operations.

General Format

ALTER procedure-name-l TO PROCEED TO procedure-name=2

Syntax Rules

l. Each procedure-name-l, 1s the name of a paragraph that contains a
single sentence consisting of a GO TO statement without the DEPENDING
phrase.

2. Each procedure-name-2, is the name of a paragraph or section in the
Procedure Division.

General Rule

Execution of the ALTER statement modifies the GO TO statement in the
paragraph named procedure-name-l, so that subsequent executions of the
modified GO TO statements cause transfer of control to procedure-name-2.
Modified GU TO statements 1n 1ndependent segments may, under some
circumstances, be returned to their initial states (see Independent Segments
in Chapter 8).
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THE DISPLAY STATEMENT

Function

The DISPLAY statement causes data to be transferred from specified data
items to the CRT screen.

Genaral Formats

Fotmat 1

5identif1er-1 identif{ier=2
DISPLAY , ; g . [UPON CONSOLE]
lliteral-l :

literal-=2
Format 2
data-name-l data-name=-2 CRT '
DISPLAY 3 AT % %] UPON ;
literal-3 literal=4 CRT-UNDER ;

Syntax Rules

1. Each literal may be any figurative comstant, except ALL.

2. If the literal is numeric, it must be an unsigned integer.

3. literal-3 must be alphanumeric, 1literal-4 must be numeric,

4, data-name-1 may refer to a record, group or elementary item, but it

must not be subscripted.

General Rules

1. Format 1 1is the standard ANSI DISPLAY statement.

Format 2 is the extended DISPLAY format.
The two formats are distinguished by their UPON phrases and the default
assumes UPON CONSOLE. The default can, however, be changed by
specifying CONSOLE IS CRT in the SPECIAL~-NAMES clause so that UPON CRT
becomes the default., This changed default is not shown in the syntax
above,

Format 1

2. The DISPLAY statement causes the contents of each operand to be
transferred to the CRT in the order listed as one line of output data.

3. The size of the data transfer cam be up to 132 bytes.

4, If a figurative constant 1is specified as one of the operands, only a
single occurrence of the figurative coanstant is displayed.
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L7 tie CRT 1s capable of displaying data of the same size as the data
iteam beinyg output, the ddata item {s transferred.

If the CRT is not capable of displaying data of the same size as the
data item beinyg transferred, one of the following applies.

(a) If the size of the data item being displayed exceeds the size of
the data that the CRT 1s capable of receiving 1a a single
transfer, the data beginning with the leftmost character is stored
aligned to the left in the receiving CRT.

(b) If the size -of the data item that the CRT is capable of receiving
exceeds the size of the data being transferred, the transferred
data 1is stored aligned to the left in the receiving CRT.

When a DISPLAY statement contains more than one operand, the size of
the sending item {s the sum of the sizes associated with the operands,
and the values of the operands are transferred in the sequence in which
the operands are encountered.

Format 2

8.

9.

10.

l1.

12.

13.

14.

The DISPLAY statement is used to output data to the CRT in the screen
positions specified.

data-name-1 is taken as a definition of the screen area into which data
items that correspond to areas on the screen are moved. FILLER fields
correspond to araas on the screen into which data 1s not moved.

Elementary data items within data-name-l may be alphanumeric, integer
numeric, numeric or edited.

AT data-name-2 or literal-4 defines the position on the screen of the
leftmost character of the data. Either form must refer to a PIC 9999
field. The most significant 99 1is taken as a line count in the raage
one to the maximum number of 1lines on the user screen. The least
significant 99 is taken as a character position in the range one to the
maximum of characters per line on the user screen.

data-name-! may refer to a record, group or elementary item, but it may
not be subscripted. REDEFINES may be used, in which case the first
description of the data 1s used and subsequent descriptions are
ignored. OCCURS and nested OCCURS may also be used with the effect that
the repeated data-item is expanded into the full number of times it
occurs and one definition 1s thus automatically repeated for many
fields.

DISPLAY SPACE has the effect of clearing the screean at run time ({i.e.
filling the whole screen with spaces). DISPLAY * * (one space
character), however, displays only one space character.

The CRT-UNDER phrase causes the elementary items moved to the CRT to be
displayed with the underline feature present. This feature {s
dependent on the CRT hardware functions and 1s not available on all
makes of CRT (see the CIS COBOL Operating Guide).



THE DIVIDE STATEMENT
Function

The DIVIDE statement divides one numeric data item into others and sets
the values of data items equal to the quotient.

General Format

Format 1

identifier-l

DIVIDE {literal-l } INTO identifier-2 [ROUNDED ]

[, identifier-3 [ROUNDED ] ] «+s [;ON SIZE ERROR imperative-statement]

Format 2
identifier 1 identifier=-2
bwvme {jieeiter U nmo  {(dentiiter?)
GIVING identifier-3 [ROUNDED] [,identifiet-4 [ROUNDED]] N
[;ON SIZE ERROR imperative-statement]
Format 3
identifier-1 identifier-2
DIVIDE { literal-l } B { literal=2 }

GIVING  1identifier-3 [ROUNDED] [, identifier-4 [ROUNDED] } cee

[;ON SIZE ERROR imperative-statement]

Svntax Rules

L. Each identifier must refer to an elementary numeric item, except that
any identifier associated with the GIVING phrase must refer to either
an elementary numeric item or an elementary numeric edited item.

2. Each literal must be a numeric literal.

General Rules

1. See The Rounded Phrase, The Size Error Phrase,
The Arithmetic Statements and Qverlapping Operands in this Chapter for
a description of these functions.

2. When Format 1 1is used, the value of identifjier-l or 1literal-l is
divided into the value of identifier-2. The value of the dividend
(identifier-2) is replaced by this quotient.
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Wwhen Format 2 1is used,

divided {nto identifier-2 or

identirfier=3.

When Forinat 3 1s used,
divided by the value of
stored in identifier-3.

the value of 1dentifier-l or literal-l

literal-2 and the result is stored

the value of 1identifier-l or literal-l

identifier-2 or literal-2

and the result

is
in

is
is



THE ENTER STATEMENT

Function

The ENTER statement provides a means of allowing the use of more than
one language in the same program.

General Format

ENTER language-name [routine-name]

Syntax Rule

1. This statement is for documentation purposes only.

General Rule

l. Access to other languages can be achieved by means of CALL.
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THE EXI[ STATEMENT
Function

The EXIT statement provides a coumon 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 Rule

An EXIT statement serves only to enable the user to assign a
procedure-name to a given point in a program. Such an EXIT statement
has no other effect on the 'compilation or execution of the program.

3 - 47



THE GO TO STATEMENT

Function

The GO TO statement causes control to be transferred from one part of

the Procedure Division to another.

General Format

Format 1

GO TO procedure-name-1

Format=-2

GO TO procedure-name-l [, procedure-name-2] ... [, procedure-name-n]

DEPENDING ON identifier

Syntax Rules

1.

2.

Identifier is the name of a numeric elementary item described without
any positions to the right of the assumed decimal point.

When a paragrabhlis referenced by an ALTER statement, that paragraph
cgn consist only of a paragraph header followed by a Format 1 GO TO
statement,

If a GO TO statement represented by Format 1 appearé in a counsecutive
sequence of imperative statements within a sentence, it appears as the
last statement in that sequence.

General Rules

1.

When a GO TO statement, represented by Format 1 is executed, control is
transferred to procedure-name-l or to another procedure-name if the GO
TO statement has been modified by an ALTER statement,

When a GO TO statement represented by Format 2 is executed, control 1is
transferred to procedure-name-l, procedure-name-2, etc., depending on
the value of the identifier being l, 2, ..., n. 1If the value of the
identifier is anything other than the positive or unsigned integers 1,
2, ..., n, then no transfer occurs and control passes to the next
statement in the normal sequence for execution:
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THE Ir¥ STATEMENT

Function

this

The IF .rtatement cA4uses a coandition (see CONDITIONAL EXPRESSIONS ia
Chapter). The subsequent action of the object program depz2ads on
whether the value of the coadition 1is true or false.

General Format

IF condition; { statement-1 } {

ELSE statement=2
ELSE NEXT SENTENCE

we we

NEXT SENTENCE

Syntax Rules

l.

Statement-1 and statenent-2 represent either an imperative statement or
4 conditional statement, and either may be followed by a conditional
statement.

The ELSE NEXT SENTENCE phrase may be omitted if it immediately precedes
the terminal period of the sentence.

General Rules

L.

When an IF statement 1is executed, the following transfers of control
acgcur:

d.

If the condition is true, statement-l is executed if specified. If
statement-l contains a procedure branching or conditional
statement, control is explicitly transferred in accordance with
the rule: of that statement. If statement-l does not contain a
procedure branching or conditional statement, the ELSE phrase, it
specified, 1is 1ignored and control passes tu the next executable
sentence,

If the condition i3 true and the NEXT SENTENCE phrase is specified
instead of statement-l, the ELSE phrase, if specified, 1s ignored
and control passes to the next executable sentence.

If the condition 1s false, statement-l or its surrogate NEXT
SENTENCE 1is ignored, and statement-2, 1if specified, 1s executed.
If statement-2 contalns a procedure branching or conditional
statement, control 1is explicitly transferred in accordance 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-l 1is 1ignored and control passes to the
next executable sentence.

If the condition 1s false, and the ELSE NEXT SENTENCE phrase is

specified, statement-l 1s ignored, 1if specified, and control
passes to the next executable sentence.
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2. Statement-1 and/or statement-2 may contain an IF statement. In this
case the IF statement is said to be nested.

IF statements within IF statements may be considered as paired IF and
ELSE combinations, proceeding from 1left to right. Thus, any ELSE
encountered is considered to apply to the immediately preceding IF that has
not been already paired with an ELSE.
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THE INSPECT STATEMENT
Function
The INSPECT statement provides the ability to tally (Format 1), rteplace

(Furmat 2), or tally and replace (Format 3) occurrences of single characters
in a data item,

General Format

Format 1

INSPECT identifier-1 TALLYING

ALL
, identifier-2 FOR ,{ LEADING iii:i:ifir'3}
CHARACTERS
BEFORE identifier-7
[{AFTER } INITIAL {literal-S' }]
Format 2

INSPECT identifier-1 REPLACING

CHARACTERS BY

{identifier-6}
literal=4

ALL
JTrapmnG ! 14ent1£1er-s} gy [ldentifier-6
FIRST literal-3 — | literal=4

BEFORE identifier-7
[{AFTER } INITIAL {literal-s }]

Firrat 3

INSPECT identifier-1 TALLYING

ALL ler-
, identifiar-2 FOR ,{ LEADING igi:::fff"3} %%%%%5} INITIAL {ii:;ﬁi;igr'“(
CHARACTERS 2

REPLACING

CHARACTERS BY

identifier-6}
literal=4

ALL :
JTEapnG! {identifier-S} BY {1dent1f1e;-6}
FIRST literal-3 — | literal-4

BEFORE identifier-7
[{AFTEK } INITIAL {literal—s }]
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Svntax Rules
All Formats

1. Identifier-l wmust reference either a group {item or any category of
elementary item, described (either emplicitly or explicitly) as usage
is DISPLAY.

2. Identifier-3 ... 1dentifier-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 may be any figurative coastant,
except ALL.

4. In Level 1, literal-l, literal-2, literal-3, literal-4, and literal-5,
and the data items referenced by 1identifier-3, identifier-4,
identifier-5, identifier-6, and identifier-7 must be one character in
length. '

Formats 1 and 3 Only
5. Identifier-2 must reference an elementary numeric data item.

6. If either 1literal-l or 1literal-2 1is a figurative constant, the
figurative constant refers to an implicit one character data item.

Formats 2 and 3 Only

7. The size of the data referenced by literal-4 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-4, the size of the
figurative constant 1is equal to the size of literal-3 or the size of
the data item referenced by identifier-5.

8. When the CHARACTERS phrase is used, literaifd, literal-5, or the size
of the data item referenced by identifier-6, identifier-7 must be one
character'in length. '

9. 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

All Formats

1. Inspection (which includes the comparison cycle, the establishment of
boundaries for the BEFORE or AFTER phrase, and the mechanism for
tallying and/or replacing) begins at the leftmost character position of
the data 1item referenced by identifier-l, regardless of its class, and
proceeds from left to right to the rightmost character pousition as
described in general rules 4 through 6.

2. For use in the INSPECT statement, the contents of the data 1itenm
refer-enced by identifier-l, identifier-3, identifier-4, identifier-5,
identifier-6 or identifier-7 will be treated as follows:
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a. If any of identifier-l, identifier-3, identifier-4, identifier-5,
identifiar-6 or identifier-7 are described as alphanumeric, the
INSPECT statement treats the coantents of each such identifier as a
character-string.

b. If any of identifier-l, 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 general rule 2a)
and the INSPECT statement had been written to rceference the
redefined data item.

c. If any of the identifier-l, identifier-3, identifier-5,
identifier-5, identifier-6 or identifier-7 are described as sizgned
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 general rule 2b had been applied. (See THE MOVE STATEMENT
later in this Chapter).

In general rules 4 through 11 all references to literal-l, literal-2,
literal-3, Iiteral-4, and literal-5 apply equally to the conteats of
the data item referenced by identifier-3, identifier-4, identifier-5,
identifier-6, and identifier-7, respectively.

During inspection of the contents of the data item referenced by
identifier-1, each properly matched occurrence of literal-l 1s tallied
(Formats 1 and 3) and/or each properly matched occurrence of literal-3
is replaced by literal-4 (Formats 2 and 3).

The comparison operation to determine the occurreances of literal-l to
be tallied and/or occurrences of literal-3 to be replaced, occurs as
follows:

a. The operands of the TALLYING and REPLACING phrases are coansidered
in the order they are specified in the INSPECT statement from left
to right. The first literal-l, literal-3 1is compared to an equal
number of contiguous characters, starting with the leftmost
character position in the data item referenced by identifier-l.
Literal-l, literal-3 and that portion of the conteants of the data
item referenced by identifier-l match 1if, and only 1if, they are
equal, character for character.

b. If no match occurs in the comparison of the first literal-l,
literal-3, the comparison 1s repeated with each’ successive
literal-l, literal-3, 1f any, until either a match 1is found or
there 1is no next successive literal-l, literal-3. When there is
no next successive literal-l, literal-3, the char-acter position
in the data item referenced by identifier-l immediately to the
right of the leftmost character position considered in the last
comparison cycle is considered as the leftmost character position,
and the comparison cycle begins again with the first literal-l,
literal=3.

c. Whenever a match occurs, tallying and/or replacing takes place as
described in general rules 8 through 10, The character position
in the data 1item referenced by identifier-l immediately to the
right of the rightmost character position that participated in the
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match is now considered to be the leftmost character position of
the data item referenced by identifier-l,"and the comparison cycle
starts again with the first literal-l, literal-3.

The comparison operation continues until ‘the rightmost character
position of the data 1item refereaced by identifier-l has
participated in a match or has been congidered as the leftmost
character position. When this occurs, inspection 1is terminated.

If the CHARACTERS phrase 1is specified, an implied oune 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-l takes place. This implied
charactar is considered always to match the lef tmost character of
the contents of the data 1item refereanced by identiffer-l
participating in the current comparison cycle.

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 nqt specified, 1literal-l,
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 1s specified, the associated 1literal-l,
literal=3 or the 1implied operand of the CHARACTERS phrase
participates oanly in those comparison cycles which involve that
paortion of the contents of the data item 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 1item referenced by identifier=l. The
position of this first occurrence 1is determined before the first
cycle of the comparison opera-tion described in general rule 5 is
begun. If, on any comparison cycle, literal-l, literal-3 or the
implied operand of the CHARACTERS phrase 1is not eligible to
participate, it 1is considered not to match the contents of the
data item referenced by identifier-l., 1If there 1s no occurrence
of literal-2 1literal-5 within the contents of the data item
referenced by identifier-l, 1its associated literal-l, 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 1s specified, the assoclated literal-l,
literal-3 or the implied operand of the CHARACTERS phrase may
participate only in those comparison cycles which involve that
portion of the contents of the data {item referenced by
identifier-l from the character position immediately to the right
of the rightmost character position of the first occurrence of
literal-2, literal-5 within the conteats of the data 1{item
referenced by iden-tifier-1 and the rightmost character position
of the data item referenced by identifier-l. The position of this
first occurrence 1is determined before the first cycle of the
comparison operation described in general rule 5 is begun. If, on
any comparison cycle, literal-l, literal-3 or the implied operand
of the CHARACTERS phrase is not eligible to participate, it is
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Format 1

70

8.
a.
b.
c.
Format 2
9.
10.

considered not to match the coatents of the data item referenced
by 1identifier-l. If there 1s a0 occurrence of literal=2,
literal-5 within the contents of the data 1item referenced by
identifier-1, 1its associated literal-l, literal-3, or the iwunlied
operand of the CHARACTERS phrase 1is never eligible to participate
in the comparison operation.

The contents of the data 1item referenced by 1identifier-2 1is not
initialized by the execution of the INSPECT statement.

The rules for tallying are as follows:

If the ALL phrase 1s specified, the contents of the data 1item
referenced by 1identifier-2 1is 1Incremented by ome for each
occurrence of literal-l matched within the contents of the data
item referenced by identifier-l.

If the LEADING phrase is specified, the contents of the data item
referenced by 1identifler-2 1is incremeanted by one for each
contiguous occurrence of literal-l matched within the contents of
the data item refer-enced by identifier-l, provided that the
leftmost such occurrence is at the point where comparison bezan in
the first comparison cycle 1in which 1literal-l was eligible to
participate,,

If the CHARACTERS phrase 1s specified, the coaten:: of the data
item referenced by 1identifier-2 1is incremented by one for each
character matched, 1in the sense of general rule 5e, within the
contents of the data item referenced by identifier-l.

The required words ALL, LEADING, and FIRST are adjectives,

The rules for replacement are as follows:

a.

When the CHARACTERS phrase 13 specified, each character matched;
in the sense of general rule 5e, in the contents of the data item
referenced by identifier-l is replaced by literal-4.

When the adjective ALL 1s specified, each occurrence of literal-3
matched 1in the contents of the data 1item referenced by
identifier-1 is replaced by literal=4.

When the  adjuective LEADING 1is specified, each contiguous
occurrence of literal-3 matched in the contents of the data item
referenced by identifier-l is replaced by literal-4, provided that
the leftmost occurrence 1s at the point where comparison bezan in
the first comparison cycle in which literal-3 was eligible to
participate, '

When the adjective FIRST 1is specified, the leftmost occurrence of
literal-3 matched within the contents of the data item referenced
by identifier-l1 is replaced by literal-4.
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Format 3

11, A Format 3 INSPECT statement 1s interpreted and executed as though two
successive INSPECT statements specifying the same identifier-l1 had been
written with one statement being a Format 1 statement with TALLYING
phrases identical to those specified in the Format 3 statement, and the
other statement being a Format 2 statement with REPLACING phrases
ideatical to those specified in the Format 3 statement. The general
rules given for matching and counting apply to the Format 1 statement
and the general rules given for matching and ‘replacing apply to the
Format 2 statement.

EXAMPLES
Six examples of the use of the INSPECT statement follow:

INSPECT word TALLYING count FOR LEADING "L'" BEFORE INITIAL "A", count-l FOR
LEADING "A'" BEFORE INITIAL "L".

Where word = LARGE, count = 1, count-l = 0.
Where word = ANALYST, count = 0, count-l = 1,

INSPECT word TALLYING count FOR ALL "L'", REPLACING LEADING "A'" BY "E" AFTER
INITIAL "L". -

Where word = CALLAR, count = 2, word = CALLAR.
Where word = SALAMI, count = 1, word = SALEMI.
Where word = LATTER, count = 1, word = LETTER.

INSPECT word REPLACING ALL "A" BY "G" BEFORE INITIAL "X".

Where word = ARXAX, word = GRXAX.
Where word = HANDAX, word = HGNDGX.

|

INSPECT word TALLYING count FOR CHARACTERS AFTER INITIAL "J'" REPLACING ALL
"A" BY "B"

Where word = ADJECTIVE, count = 6, word = BDJECTIVE.
Where word = JACK, count = 3, word = JBCK.
Where word = JUJMAB, count = 5, word = JUJMBB.

INSPECT word REPLACING ALL "X" BY "Y', "B" BY "Z", "W'" BY "Q" AFTER INITIAL
"R" .

Where word = RXXBQWY, word = RYYZQQY.
Where word = YZACDWBR, word = YZACDWZR.
Where word = RAWRXEB, word = RAQRYEZ.

INSPECT word REPLACING CHARACTERS BY "B BEFORE INITIAL "A",

word before: 1 2 X 2 A B C D
word after: BBBB B A B C D
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THE MOVE STATEMENT

Function

The MOVE statement transfers data, in accordance with the rules of

editing, to one or more data areas.

General Format

Format 1
MOVE {1de““:‘e"1 TO identifier-2 , identificr-a] -
—— literal —

Syntax Rules

1.

20

Identifier-l and 1literal tébresent the sending area; identifier-2,
identifier-3, ..., represent the receivinyg area.

An index data item cannot appear a8 an operand of a MOVE statement,
(¢ THE USAGE CLAUSE in this Chapter).

General Rules

L.

The data designated by the literal or identifier-l is moved first to
identifier-2, then to identifier-3, ... . The rules referring to
i-lentifler-2 also apply to the other receiving arzas. Any subscripting
or indexing associated with identifier-2, ..., is evaluated immediately
before the data is moved to the respective data item.

Any subscripting or indexing associlated with identifier-l is evaluated
only once, immediately before data 1is 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 temp
MOVE temp TO b
MOVE temp TO c (b)

where 'temp' 1s an 1Intermediate result item provided by the
implementor.
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Any MOVE in which the sending and receiving items are both elementary
items is an elementary move., Every elementary item. belongs to one of
the following categories: numeric, alphabetic, alphanumeric, numeric
edited, alphanumeric edited. These categories are, described 1in the
PICTURE clause., Numeric literals belong to ,the category numeric, and
nonnumeric literals belongs to the category alphanumeric. The
fizurative 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, alphanumeric edited, or alphabetic
data item must not be moved to a numeric or numeric edited data
iten.

b. A numeric literal, the figurative constant ZERO, a numeric data
item or a numeric edited data item must not be moved to an
alphabetic data item.

c. A non-integer numeric literal or a non-integer 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 ﬁccording
to the rules given in general rule 4.

Any necessary conversion of dati from one form of {nternal
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 rceceiving
item, alignment and any necessary space filling takes place as
defined under STANDARD ALIGNMENT RULES in this Chapter. T1f the
size 'of the sending item 1is greater than the size of the receiving
item, the excess characters are truncated on the right gfter the
receiving item is filled. If the sending item 1is described as
being signed numeric, the operational sign will not be moved; if
the operational sign occupies a separate character position (see
THE SIGN CLAUSE in this Chapter), that character will not be moved
and the size of the sending item will be considered to be one less
than {ts actual size (in terms of standard data format
characters).

b. When a numeric or naumeric edited item 1is the receiving 1item,
alignment by decimal point and any necessary zero-filling takes
place as defined under the STANDARD ALIGNMENT RULES in Chapter 2,
except where zeroes are replaced because of editing requirements.

When a signed numeric item 1is the receiving item, the sign of the
sending 1item 1is placed 1in the rceceiving {item. (See THE
SIGN CLAUSE in this Chapter). Conversion of the representation of
the sign takes place as neces-sary. 1If the sending item 1is
unsigned, a positive sign 1is generated for the receiving item,
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Wwhen aa unsigned numeric 1tem is the receiving 1item, the absolute
value of the sending item 1s moved and no operational sign is
generated for the receiving item.

When a data item described as alphanumeric {s the sendinz 1item,
data is moved as if the sending item were described as an unsigned
numeric integer.

c. When a recelving field is described as alphabetic, justification
and any necessary space-filling takes place as defined under the
STANDARD ALIGNMENT RULES in Chapter 2. 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.

Any move that is not an elementary move is treated exactly as 1if it
were an alphanumeric to alphanumeric elementary move, except that there
is no conversion of data from one form of internal representation to
another. In such a move, the receiving area will be 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,

Data 1in Table 3-6 summarizes the legality of the various types of MOVE

statements. The general rule reference indicates the rule that
prohibits the move or the behavior of a legal move.

Table 3-6. MOVE Statement Data Categories,

Category of Sending Category Of Receiving Data Item1
Data Item
Alphabetic Alphanumeric | Numeric Integer
Edited Numeric Non-Integer
Alphanumeric | Mumeric Edited
ALPHABETIC Yes/3¢ Yes/3a No/2a
ALPHANUMERIC Yes/3c Yes/3a Yes/3b
ALPHANUMERIC EDITED| Yes/3c Yes/3a No/2a
INTEGER No/2b Yes/3a Yes/3b
NUMERIC I ON-INTEGER | No/2b No/2¢c ~Yes/3b
NUMERIC EDITED No/2b Yes/3a Yes/2a

1 - The relevant rule number is quoted in these columms
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THE MULTIPLY STATEMENT
Function

The MULTIPLY statement causes numeric data items to be multiplied and
sets the values of data items equal to the results,

General Format

Format 1

identifier-l

muTreLy {idenetfts

} BY identifier-2 [ROUNDED]

[, identifier-3 [ROUNDED]] oo [3 ON SIZE ERROR imperative-statement]
Format 2

MULTIPLY {1dentifier-1} BY {identifier-z

literal-l literal=? } GIVING 1identifier-3 [ROUNDED ]

[, identifier=4 [ROUNDED]] +e« [3 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.

Genepal Rules

1. See The ROUNDED Phrase, The SIZE ERROR Phrase, The Arithmetic"
Statements, and Overlapping Operands in this Chapter.

2. When Format 1| 1s used, the value of {identifier-l or 1literal-l is
multiplied by the value of identifier-2. The value of the multiplier
(identifier-2) 1is replaced by this product; similarly for identifier-l
or literal-l and identifier-3, etc.

3. When Format 2 1is used, the value of 1identifier-l or 1literal-l 1is

multiplied by identifier=-2 or literal-2 and the result 1is stored in
identifier-3, identifier-4, etc.
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THE PERFORM STATEMENT
Function

The PERFORM statement 1is used to transfer control explicitly to one or
more procedures and to return control implicitly whenever executlion of the

specified procedure 1is complete.

General Format

Format 1

THROUGH

THRG } pcocedure-name-Z]

PERFORM procedure=-name-l1 [{

Format 2

THROUGH
THRU

identifier-l

dencifter-ll rns

PERFORM procedure-name-l[{ } procedure-name-Z] {

Format 3

THROUGH

PERFORM procedure-name-l[{ THRU

} procedure-name-Z] UNTIL condition-l

Syntax Rules

1. Each 1identifier represents a numeric elementary item described in the
Data Division. In Format 2, 1identifier-l wmust be described as a
numeric integer.

2. The words THRU and THROUGH are equivalent.
3. Where procedure-name-1 and procedure-name-2 4re both specified and

either is the name of a procedure 1in the declarative section of the

program then both must be procedure-names in the same declarative
section,

General Rules

l. When the PERFORM statement 1is executed, control is transferred to the
first statement of the procedure named procedure-name-l (except as
indicated in general rules 4b, 4c, and 4d). 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-l 1is a paragraph-name and procedure-name-2 1s
not specified, then the return 1s after the last statement of
procedure-name-l,
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b. If procedure-name-l 1s 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-l.

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 1s specified and it is a section-name, then
the return 1is after the last statement of the last paragraph in
the section.

There 1s no necessary relationship between procedure-name-~l and
procedure-name-2 except that a consecutive sequence of operations 1is to
be executed beginning at the procedure named procedure-name-l and
ending with the execution of the procedure named procedure-name-2. In
particular, GO TO and PERFORM statements may 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 may 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 other than via a PERFORM
statement the procedures are executed right through to the next
executable statement in the main program as if they were just part of
the main program. ‘

The PERFORM statements operate as follows with .rule 5 above applying to
all formats:

a. Format 1 1is the basic PERFORM statement. A procedure referenced
by this type of PERFORM statement is “executed once aand then
control passes to the next executable statement following the
PERFORM statement. e g

b. Format 2 is the PERFORM...TIMES. The procedures are performed the
number of times specified by integer-1 or by the initial value of
the data item referenced by identifier-l:for that execution. 1If,
at the time of execution of a PERFORM statement, the value of the
data 1item referenced by identifier-l 1is 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 followirg the PERFORM statement.

During execution of the PERFORM statement, references to identi-
fier-1 cannot alter the number of times the procedures are to be
executed from that which was indicated by the initial value of
identifier-l.

c. Format 3 1is the PERFQORM...UNTIL. The specified procedures are
performed until the condition specified by the UNTIL phrase 1is
true. When the condition is true, control is transferred to the
next executable statement after the PERFORM statement. TUf the
condition 1s true when the PERFORM statement is entered, no
transfer to procedure-name~1 takes place, and control 1s passed to
the next executable statement following the PERFORM statement.
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6.

If 1 sequence of statements referred to by a PERFORM statement includes
another PERFORM statement, the sequence of procedures assoclated with
the 1included PERFORM must 1itself either be totally included in, or
totally excluded from, the logical sequence referved to by the first
PERFORM., Thus, an active PERFUORM statement, whose execution point
bezins within the range of another active PERFORY statement, must not
allow control to pass to the exit of the other active PERFORM
statement; furthermore, two or more such A4ctive PERFORM statemeats rmay
not have a common exit, See Figure 3-1.

X PERFORM -a THRU m X PERFORM a THRU m

a

d PERFORM f THRU j d PERFORM f THRU j

3] ]
h| m

(a2}

X PERFORM a THRU m

—
J

3

d PERFORM f THRU j
Fig. 3-1. PERFORM Statement in Sequence.
i
A PERFORM statement that appears 1in a section that 1s not an
independent sSegment 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 1{in one or morz
non-independent segments,

b. Sections and/or paragraphs wholly coatained 1in 3 single
independent segment,
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7.

A PERFORM statement that appears in an independent segment can have
within {ts range, 1in addition to any declarative sections whose
execution 1s caused within that range, only one of the following:

a. Sections and/or paragraphs wholly contained 1in one

or more
non-independent segments.

b. Sections and/or paragraphs wholly coantained 1in the

same
independent segment as that PERFORM statement.
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THE STOP STATEMENT
Function
The STOP statement causes a permanent or temporary suspension of the

execution of the object program.

General Format

, RUN
STOP { literal}

Syntax Rules

L. The literal may be numeric or non-numeric or may be any figurative
constant, except ALL.

2. If the literal is numeric, then it must be an unsigned integer.
3. 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

l. If the RUN phrase is used, then the operating system ending procedure
is instituted.

2. If STOP literal 1is specified, the 1literal 1s communicated to the

operator. Continuation of the object program begins with the execution
of the next executable statement in sequence,
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THE SUBTRACT STATEMENT

Function

more,

The SUBTRACT statement is used to subtract one, or the sum of two or

numeric data items from one or more items, and set the values of one

or more items equal to the results.

General Format

Format 1
identifier-l , fidentifier-2
suprract {J§eRiafter fifeni Tt L Erox
identifier-m  [ROUNDED] [, identifier-n [ROUNDED] ] oo
[; ON SIZE ERROR imperative-statement]
Format 2
. identifier-l ,jidentifier-2
SUBTRACT {literal-l } {literal-z } «es FROM identifier-m
GIVING identifier-n [ROUNDED] [ , identifier-o [ROUNDED] ] “ee

[; 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.

Each literal must be a numeric literal.

The composite of operands must not contain more than 18 digits. (See
The Arithmetic Statements in this Chapter).

a. In Format 1 the composite of operands 1s determined by using all
of the operands in a given statement.

b. 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.

3 - 66



GENERAL RULES

L.

2.

See The Rounded Phrase, The Size Error Phrase, The Aritnmetic Statement
and Overlapplng Op:rands in this Chapter,

In Format 1, all literals or 1identifiers preceding the word FROM are
added together and this total 1is subtracted from the curcent value of
identifier-m .storing the result immediately into {identifier-m, and
repeating this process respectively for each operand following the word
FROM.

In Format 2, all literals or identifiers preceding the word FROM are
added together, the sum 1is subtracted from literal-m or identifier-m
and the result of the subtraction 1is stored as the new value of
identifier-n, identifier-n, etc.

The compiler ensures enough places are carried so as not to lose
significant digits during execution.
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CHAPTER 4

TABLE HANDLING

INTRODUCTION TO THE TABLE HANDLING MODULE

The Table Handling module provides a capability for defining tables of
contiguous data items and accessing an item relative to its position in the
table. Language facilities are provided.for specifying how many times an
item 1is to be repeated. Each item may be identified. through use of a
subscript or an index (see Chapter 2).

Table Handling provides a capability for acéessing items 1in variable
length tables of multiple dimensions. The maximum number of multiple
dimensions-ig the ANS switch 1is on (see Chapter 2) is restricted to three.

DATA DIVISIDN IN THE TABLE HANDLING MODULE

THE OCCURS CLAUSE

Function

The OCCURS clause eliminates the need for separate entries for repeated
data 1items and supplies information required for the application of
subscripts or indices,

General Format

OCCURS integer-2 TIMES

;NDBXED BY index-name-l , lndex-name-2 N N

Syntax Rules

L. An INDEXED BY phrase 1is required if the subject of this entry, or an
entry subordinate to this entry, 1s 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.

2. The OCCURS clause cannot be specified in a data description entry that
has Ol or 77 level-number (1f ANS directive has been set).

3. Index~-name~l, index-name-2, ,.. must be wunique words within the
program,



General Rules

l.

The OCCURS clause 1s used in defining tables and other homogenous sats
of repeated data 1items. Whenevaer the OCCURS clause 1is used, the
data-name which is the subject of this entry must be either subscripted
or indexed whenever it is referred to in a statement other than USE FOR
DEBUGGING. Further, 1if the subject of this entry 1is the name of a
group 1item, then 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. (See under headings Subscripting,
Indexing and Identifier in Chapter 2).

Except for the OCCURS clause 1itself, all data description clauses
associated with an 1itezm whose description includes an OCCURS clause
apply to each occurrence of the item described. (See restriction 1in
general rule 2 wunder Data Description Entries Other Than Condition
Names in Chapter 3).

The number of occurrences of the subject entry is defined as the value
of integer-2 representing the, exact number of occurrences.



THE USAGE CLAUSE

Function

The USAGE clause specifies the format of a data item in the computer

storage.

General Format

[USAGE 1IS]) INDEX

Syntax Rules

1.

An index data item can be referenced explicitly only in a SET
statement, a relation condition, the USING phrase of a Procedure
Division header, or the USING phrase of a CALL statement.

The SYNCHRONIZED, JUSTIFIED, PICTURE, VALUE and BLANK WHEN ZERO clauses
cannot be used to describe group or elementary items described with the
USAGE IS INDEX clause.

General Rules

ll

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 item and contains a value which must correspond to an
occurrence number of a table element. The elementary item cannot be a
conditional variable. The compiler will allocate a 2 byte binary field.
If a group item 1s described with the USAGE IS INDEX clause the
elementary items in the group are all index data items. The group
itself is not an 1index data item and cannot be: used in the SET
statement or in a relation condition.

An index data item can be part of a group which 1is referred to in a
MOVE or input-output statement, in which case no conversion will take
place.



PROCEDURE DIVISION IN THE TABLE HANDLING MODULE

RELATION CONDITION

Comparisons Involving Index-Names And/or Index Data Items

Relation tests may be made between the following data items:

* Two index-names. The result is the same as if the corresponding
occurrence numbers were compared.

* 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 compared to the data item or literal.

* 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 is undefined.
OVERLAPPING 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.

THE SET STATEMENT

Function

The SET statement establishes reference points for table handling
operations by setting index-names associated with table elements.

General Format

Format 1
SE {identifier-l [, identifier=2) o) o ‘iiz:t:flier::;
— |index-name-l [, index~name-2] e ) intezeriTe
Format 2

UP B identifier=-4
SET 1index-name-4 index- - ***\ DOWN 1
X~-name (, index-name-5] { DOWN Ei} {integer-Z }

Syntax Rules

1. All references to index-name-l, identifier-l, and index-name-4 apply
equally to index-name-2, identifier-2, and index-name-5, respectively.
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2.

3'

4.

Identifier-1 and identifier-3 wmust name either index data items, or
elementary items described as an integer.

Identifier-4 must be described as an elementary numeric integer.

Integer-1 and {integer-2 may be signed. 1Integer-l must be positive,

General Rules

1.

2.

Index-names are considered related to a given table and are defined by
being specified in the INDEXED BY clause.

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 1in the associated table,

If index-name-4, Iindex-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-l,
index~name-2 is specified, the value of the index after the executiﬁﬁ of the
SET statement must correspond to an occurrence number of an eleméﬁt in the
associated table. The wvalue of the index associated with an ' ‘index-name
after the execution of a PERFORM statement may be undefined. li(See THE
PERFORM STATEMENT in Chapter 3).

3.

In Format 1, the following actioa occurs:

a. Index-name-1 1is set to a value causing it to refer to the table
element that corresponds in occurrence number to the table element
referenced by 1index-name-3, identifier-3, or integer-l, If
identifier-3 is an index data item, or if index-name-3 is related
to the same table as index-name 1, no conversion takes place.

b. If identifier-l is an index data item, it may be set equal to
either the contents of index-name-3 or identifier-3 where
identifier-3 1is also an index item; no coanversion takes place in
elther case.

c. If identifier-l is not an index data item, it may be set only to
an occurrence number that corresponds to the value of
index-name-3, Neither identifier-3 nor integer-l can be used in
this case.

d. The process 1is repeated for index-name-2, identifier-2, etc., 1if
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-l, etec.,
is evaluated immediately before the value of the respective data
item 1is changed.

In Format 2, the coatents of index-name-4 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 1s repeated for index-name-5, etc. Each time
the value of identifier-4 is used as it was at the beginning of the
execution of the statement.



5. Data 1in Table 4-1 represents the wvalidity of various operand
combinations 1in the SET statement. The general rule refarence
indicates the applicable general rule.

Table 4-1. SET Statement Valued Operand Combinations.

Sending Item Receivingfttem1
Integer Data Item | Index-Name Index Data Item

Integer Literal No/3e Valid/3a No/3b
Integer Data Item No/3¢ Valid/3a No/3b
Index-Name Valid/3ec Valid/3a Valid/3b2
Index Data Item No/3c Valid/Ja2 Valid/3b2
1 = Rule numbers under General Rules above are referraed to.

2 = No conversion takes place




CHAPTER 5

SEQUENTIAL INPUT AND OQUTPUT

INTROOUCTION TO THE SEQUENTIAL I-O MODULE

The Sequential I-O0 module provides a capability to access records of a
file in established sequence. The sequence is established as a result of
writing the records to the file. It also:provides for the specification of
re-run points and the sharing of memory areas among files.

LANGUAGE CONCEPTS

Organization

Sequential files are organized such that each record in the file except
the first has a unique predecessor record, and each record except the last
has a unique successor record. These 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,.

Access Mode

In the sequential access mode, the sequence 1in which records are
accessed 1s the order in which the records were originally written.

Current Record Pointer

The current record pointer is a conceptual entity used in this document
to facilitate specification of the next record to be accessed within a given
file., The concept of the current record point has no meaning for a file
opened in the output mode. The setting of the current record pointer is
affected only by the OPEN and READ statements.

I-) Status

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
an OPEN, CLOSE, READ, WRITE, or REWRITE statement and before any applicable
USE procedure 1s executed, to indicate to the COBOL program the status of
that input-output operation.

Status Key 1

The leftmost character position of the FILE STATUS data item 1is known
as Status Rey 1 and 1is set to indicate one of the following conditions upon
completion of the input-output operation.

'0' - indicates Successful Completion

'1' - indicates At End

'3' -  indicates Permanent Error

'9' -  indicates an Operating System Error Message



The meaning of the above indications are as follows:

0

Status Key 2

Successful Completion. The 1input-output statement was
successfully executied.

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

Permanent Error. The input-output statemeat was
unsuccessfully executed as the rasult of a boundary violation
for- a sequential file or as the result of an input-output
error, such as data check parity error, or transmission
error.

Operating System Error Message. The input-output statement
was unsuccessfully executed as a result of a condition that
is specified by the Operating System Error Message. This
value 1{s used only to indicate a condition not indicated by
other defined values of status key 1, or by specified
combinations of the values of status key l and status key 2.

The rightmost character position of the FILE STATUS data itam is known

as Status

2 and 1s used to further describe the results of the

input-output operation. This character will contain a value as follow:

*

If no further information is available coacerning the input-output
operation, then status key 2 contains a value of '0'.

When status key 1 contains a value of '3' an 1irrecoverable error
has occurred. This 1s treated as a fatal error by the Operating
System,

When status key 1 contains a value of '9', the value of status key
2 is the Operating System Error Message number.

Valid Combinations of Status Keys 1 and 2

The valid permissible combinations of the values of status key 1 and
status key 2 are shown in the following table. An 'X' at an intersectlon
indicates a valid permissible combination.

Status Key 2

No Further

Status Key 1 Information
0)
Successful Completion (0) X
At End (1) . X
Permanent Error (3) X

Implementor NDefined (9) 0/S Error Number




The AT END Condition

The AT END coandition can occur as a result of the execution of a READ
statement. For details of the causes of the ‘condition, see THE READ
STATEMENT later in this Chapter.



ENVIRONMENT DIVISION IN THE SEQUENTIAL I-0 MODULE

INPUT-OUTPUT SECTION

The FILE-CONTROL Paragzraph

Function

The FILE-CONTROL parayraph names each file and allows specificatfion of
other file-related information. (See also Appendix I in this manual).

General Format

FILE-CONTROL. file-control-entry oo

The FILE CONTROL Entry

Function

The file control entry names a file and may specify other file-related
information.

General Format

SELECT file-name
ASSIGN TO {external—file-name-literal}[ {external-file-name-litera;(}

file-identifier
[; ORGANIZATION IS {SE UENTIAL }1

file~identifier

LINE SEQUENTIAL

[; ACCESS MODE IS SEQUENTIAL]
(; FILE STATUS IS data-name=-l] .

Syntax Rules

1. The SELECT clause must be specified first in the file control entry.
The clauses which follow the SELECT clause may appear 1in any order.

2. Each file described in the Data Division must be named once and only
once as file-name in the FILE-CONTROL paragraph. Each fille specified

in the file control eatry must have a file description entry in the
Data Division.

3. If the ACCESS MODE clause 1is not specified, the ACCESS MODE IS
SEQUENTIAL clause is implied.

4. Data-name=-l must be defined 1in the Data Division as a two-character

data item of the category alphanumeric and must not be defined in the
File Section.

5. Data-name-1 may be qualified.



6. When the ORGANIZATION IS SEQUENTIAL clause 1s not specified, the
ORGANIZATION IS SEQUENTIAL clause 1is implied.

General Rules

1. The ASSIGN clause specifies the association of the file refereaced by
file-name to a storage medium. See Appendix F in the COBOL INT Qperating
Guide. The first assignment takes effect. Subsequent assignments
within any one ASSIGN clause are for documentation purposes only.

2. The ORGANIZATION clause specifies the logical structure of a file, The
file organization 1s established at the time a file 1is created and
cannot subsequently be changed.

When LINE SEQUENTIAL ORGANIZATION is specified, the file is treated as
consisting of variable length records. CR LF characters separate the
records. These control characters are exchanged by the Run Time System
for padding with spaces on record input. Coaversely, trailing spaces
in records are replaced by CR LF on: record output,
(See Appendix B for CR, LF)

4, Records in the file are accessed in the sequence dictated by the file
organization. This sequence 1s specified by predecessor-successor
record relationships established by the execution of WRITE statements
when the file 1s created or extended.

5. When the FILE STATUS clause 1is specified, a value will be moved by the
operating system into the data item specified by data-name-l after the
execution of every statement that references that file either
explicitly or implicitly. This value indicates the status of execution
of the statement (See I-0 STATUS in this Chapter).



The I-0-CONTROL Paragraph

Function

The I-0 CONTROL paragraph specifies the points 4t which re-run is to be
established, the memory area which is to be shared by different files, and
the location of files on a multiple file reel.

General Format

REEL
[exp o] { UNIT }
integer-1 RECORDS
file-name-1 }] EvERy | inteser—2  CLOCK=UNTTS

I1-0-CONTROL. {
3 RERUN [Q—N-{ implementor-name condition-name

}OF file-name-2

[; SAME AREA FOR file-name-3 {, file-name-4} ... 1 ...

Syntax Rules

l. The I-0-CONTROL paragraph 1is optional, The whole clause 1is for
documentation only when present.

2. File-name-l must be a sequentially organized file.

3. The END OF REEL/UNIT clause may only be used if file-name-2 1is a
sequentially organized file and 1is for documentation purposes oaly.

4, When either the integer-l RECORDS clause or the integer-2 CLOCK=-UNITS
clause 1is specified, implementor-name must be given in the RERUN
clause.

5. More than one RERUN clause may be specified for a given file-name-2.

6. The files referenced in the SAME AREA clause need not all have the same
organization or access,

General Rules
L. The RERUN clause is treated as for documentation purposes only.

2. The SAME AREA clause 1is treated as for documentation purposes only.



DATA DIVISION IN THE SEQUENTIAL I-O MODULE

FILE SECTION

In a COBOL INT program the file description entry (FD) represents the
highest level of organisation in the File Section. The File Sectioan header
is followed by a file description entry consisting of a level indicator
(FD), a file-name and a serles of independent clauses, The FD clauses
specify the size of the logical and physical records,’ the presence or
absence »f label records, the value of implementor-dz2fined label items, the

nanes of the data records which comprise the file. The eatry 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 and therefore the clauses used with
an entry may vary considerably, depending upon whether or not it is followed
by subordinate entries. The structure of a record description 1is: defined in
CONCEPT OF LEVELS 1in Chapter 2, while the elements allowed in a cecord

description are shown in the Data Description - Complete Entry Skeleton 1in
Chapter 3.



THE FILE DESCRIPTION - COMPLETE ENTRY SKELETON
Function

The file description furnishes 1information concerning the physical
structure, identification, and record names pertaining to a given file.

General Format

D file-name

. RECORDS
[ BLOCK CONTAINS integer=2 { CH’i’CTERS}]

[; RECORD CONTAINS integer-3 TO integer-4 CHARACTERS]

RECORD IS STANDARD
; 1‘-&5-11{ RECORDS ARE} {OMIT’I‘ED }
[; VALUE OF data-name-l IS literal-l
[, data-name=-2 IS literal=2] ...]

. para J RECORD IS }
? ——=— | RECURDS ARE data-name=-3 [, data-name=4] ...

; CODE-SET IS alphabet-name .

Syntax Rules

1. The level indicator FO identifies the beginning of a file description
and must precede the file-name.

2. The clauses which follow the name of the file are optional 1in many
cases, and their order of appearance 1is immaterial. All clauses are
optional when the ANS switch is unset (See Chapter 2).

3. One or more record description entries must follow the file description
entry.



THE BLOCK CONTAINS CLAUSE
Function
The BLOCK COMTAINS clause specifies the size of a physical record.

General Format

BLOCK CONTAINS [integer-1 TO] integer-2 {RECORDS }

CHARACTERS

General Rule

This clause is required for documentation purposes only.

THE CODE-SET CLAUSE
Function

The CODE-SET clause specifies the character code set used to represent
data on the external media.

General Format

CODE-SET IS alphabet-name

Syntax Rules

l. When the CODE~-SET clause is specified for a file, all data in that file
must be described as usage is DISPLAY and any signed numeric data must
be described with the SIGN IS SEPARATE clause.

2. The alphabet-name clause referenced by the CODE-SET clause must not
specify the literal phrase,

3. The CODE-SET clause may only be specified for non-disk files.

General Rule

The CODE-SET clause 1s specified for documentation purposes oaly.

THE DATA RECORDS CLAUSE
Function

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

RECORD IS
RECUORDS ARE

DATA { } data-name-1 [, data-name-=2] con



Svyntax Rule

Data-name-1 ind data-name-=2 are the names of data records and must hav.
J1 level-number record descriptions, with the same names, assoclated
with them.

General Rule

The DATA RECORDS clause 1is specified for documentation purposes only.

THE LABEL RECORDS CLAUSE

Function
The LABEL RECORDS clause specifies whether labels are present.

General Format

RECORD IS } { STANDARD}

LABEL { RECORDS AREf | OMLTTED

Syntax Rule

This clause 1s required in every file description entry, when the ANS
switch 1is set,

General Rule

This clause 1is used for documentation purposes only.

THE RECORD CONTAINS CLAUSE
Function
The RECORD CONTAINS clause specifies the size of data records.

General Format

RECORD CONTAINS integer-1 TO integer-2 CHARACTERS

General Rule
The size of each data record is completely defined within the record

description entry, therefore this clause 1s never required. The RECORD
CONTAINS clause 1is specified for documentation purposes oaly.
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THE VALUE OF CLAUSE

Function

The VALUE OF clause specialises the description of an
records associated with a file.

General Format

VALUE OF data-name=-l IS literal-l

[, dataname2 IS 1literal-2] ..

General Rules

1. This clause is used for documentation purposes only.

2. A figurative constant may be substituted in the format above

literal 1is specified.
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PROCEDURE DIVISION IN THE SEQUENTIAL I[-O MODULE

THE CLOSE STATEMENT

Function

The CLOSE statement terminates the processing of files,

General Format

CLOSE file—name-l[{REEL}]

UNTT

Syntax Rule

The REEL or UNIT phrase must only be used for sequential file, and are
for documentation purposes only.

General Rules

1.

2.

A CLOSE statement may only be executed for a file in an open mode.

The action taken 1if the file 1is 1in the open mode when a STOP RUN
statement is executed is to close the file. The action taken for a file
that has been opened in a called program and not closed in that program
prior to the execution of a CANCEL statement for that program is to
leave the file open.

If a2 CLOSE statement has been executed for a file, no other statement
can be executed that references that file, either explicitly or
implicitly, unless an intervening OPEN statement for that file 1is
executed.

Following the successful execution of a CLOSE statement the record area
assoclated with file-name 1is no longer available. The unsuccessful
execution of such a CLOSE statement leaves the availability of the
record area undefined.



THE OPEN STATEMENT

Function

The OPEN statement initiates the processing of files. It also performs

checking and/or writing of labels and other input-output operations.

General Format

INPUT file-name-l ([, file-name=2] ..)

OUTPUT file-name-3] [, file-name-4] ...

OPEN 1 }...

I-0 file-name=5 [, file-name-6] ...

EXTEND file-name-7{ [, file-name-8] o)

Syntax Rules

1.

2.

The I-0 phrase can be used only for disk files.

The EXTEND phrase can be used only for sequential files.

General Rules

1.

2.

The successful execution of an OPEN statement determines the avail-
ability of the file and results in the file being in an open mode.

The successful execution of an OPEN statement mnakes the associated
record area available to the program.

Prior to the successful execution of an OPEN statement for a given
file, no statement can be executed that references that file, either
explicitly or implicitly.

An OPEN statement must be successfully executed prior to the execution
of any of the permissible input-output statement. In Table 5-1, 'X' at
an intersection indicates that the specified statement, used 1in the
sequentidl access mode, may be used with the sequential file
organization and open mode given at the top of the column.
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Table 5-1, Permissable Combinations of Statements and OPEN Modes for
Sequeatial I/0.

Statenent Open MMode

Input Output Input-Output1 Extend
READ X X
WRITE X X
REWRITE X

I - Tais OPEN mode 1s not supported for ORGANIZATION line sequential files.J

5. A file may be opeéned with the INPUT, OUTPUT, EXTEND and I-O 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, for that file.

6. Execution of the OPEN statement does not obtaian or release the first
data record.

7. The ASSIGNed name 1in the SELECT statement for a file 1is processed as
follows:

a. When the INPUT phrase 1is specified, the execution of the OPEN
statement causas the ASSIGNed name to be checked in accordance
with the operating system conventions for opening files for input,.

b. When the OUTPUT phrase is specified, the execution of the OPEN
statement causes the ASSIGNed name to be writt2n in accordance
with the operating system conventions for opening files for
output,

8. The file description entry for file-name-l, file-name-5, must be
equivalent to that used when this file was created.

9. If the storage medium for the file permits rewinding, execution of the
OPEN statement causes the file to be positioned at {ts beginning.

10. For files being opened with the INPUT or I-0 phrase, the OPEN statement
sets the current record pointer to the first record currently existing
within the file. TIf no records exist in the file, the curreant record
polntar 1is set such that the next executed READ statement for the file
will result in an AT END condition. If the file does not exist, OPEN
INPUT will cause an error status.

ll. When the EXTEND jurase is specifiied, the OPEN statement positions the
file immediately following the last logical record of that file.
Subsequent WRITE statements referencing the file will add records to
the file as though the file had been opened with the OUTPUT phrase.

12. The I-0 pnrase permits the opening of a disk file for both input and
output operations except for files in ORGANIZATION LINE SEQUENTIAL.
Since this phrase implias the existence of the file, it cannot be used
if the mass storage file 1s being initially created. If the file does
not exist it will be creatad.
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13,

Upon successful execution of an OPEN statement with the OUTPUT phrase
specified, a file 1is created. At that time the assoclated file
contains no data records. If a file of the same name exists it will be
deleted. 1If write-protected on error will occur.
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THE READ STATEMENT
Function

The READ statement makes available the next logical record from a file.

General Format

READ file-name RECORD [INTO identifier] [; AT END imperative-statement]

Syntax Rules

1. The INTO phrase must not be used when the input file contains logical
records ot - irious sizes as 1ndicated by their record descriptions.
The storage area assocliated with 1identifier and the record drea
associated with file-name must not be the same storage area.

2. The AT END phrase must be specified if no applicable USE procedure is
specified for file-name.

General Rules

1. The associated file must be open in the INPUT or I-O mode at the time
this statement is executed. (See THE OPEN STATEMENT in this Chapter).

2. The record to be made available by the READ statement is determined as
follows:

a. If the current record pointer was positioned by the execution of
the OPEN statement, the record pointed to by the current record
pointer is 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 caisting record in the file and then that record
is made available.

3. The execution of the READ statement causes the value of the FILE STATUS
data item, if any, assoclated with file-name to be updated. (See I-0
STATUS in this Chapter).

4, Regardless of the method used to overlap access time with processing
time, the concept of the READ statement 1is unchanged in that a record
is available to the object program prior to the execution of any
statement following the READ statement.

5. When the logical records of a file are described with more than one
record description, these records automatically share the same storage
area; this is equivalent to an implicit redefinition of the area. The
contents of any data items which lie beyond the range of the current
data record are undefined at the completion of the execution of the
READ statement.
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11.

12,

13.

14,

If the INTO phrase is specified, the record being read is moved from
the record area to the area specified by identifier accordiaz to the
rules specified for the MOVE statement. The implied MOVE does not
occur 1f the execution of the READ statement was unsuccessful. Any
subscripting or indexing associated with identifier is evaluated after
the record has been read and immediately before it is moved to the data
item. .

When the INTO phrase 1is used, the record being read is available in
both the 1input record area and 'the data area assoclated with
identifier. :

1f, at the time of execution of a READ statement, the position of
current record pointer for that file 1is undefined the execution of
that READ statement is unsuccessful.

If the end of a reel or unit 1s recognized during the execution of a
READ statement, an end-of-file status condition exists.

a. The standard ending reel/unit label procégute.

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, at the time of the execution of a READ siatement, no next logical
record exists in the file, the AT END condition occurs, and the
execution of the READ statement is consideréd unsuccessful. (See I-0
STATUS).

When the AT END condition 1s recognized the following actions are taken
in the specified order:

a. A value is placed into the FILE STATUS data item; 1if specified for
this file, to indicate an AT END condition. (See I~0 STATUS).

b. If the AT END phrase 1s specified in the statement causing the
condition, 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 1is not specified, then a USE procedure must
be specified, either explicitly or implicitly, for this file and
that procedure 1is executed.

When the AT END coudition occurs, execution of the input-output
statement which caused the condition is 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.

When the AT END coundition has been recognized, a READ statement for
that file must not be executed without first executing a successful
CLOSE statement followed by the execution of a successful OPEN
statement for that file.
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THE REWRITE STATEMENT
Function
The REWRITE statement logically replaces a record existing in a disk

file.

General Format

REWRITE record-name [FROM identifier]

Syntax Rules

I. Record-name and 1identifier must not refer to the same storage area.

2. Record-name 1is the name of a logical record in the File Sectiomn of the
Data Division and may be qualified.

General Rules

1. The file associated with record-name must be a disk file and must be
open in the I-0 mode at the time of execution of this statement. (See
THE OPEN STATEMENT in this Chapte(:

2. The last 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 operating system logically replaces the
record that was assessed 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 is no longer available in the record area.

5. The execution of a REWRITE statement with the FROM phrase is equivalent
to the execution of:

MOVE identifier TO record-name
followed by the execution of the same REWRITE statement without the
FROM phrase. The contents of ti: record area prior to the execution of

the implicit MOVE statement have no effect on the execution of the
REWRITE statement.

6. The current record pointer 1is not affected by the execution of a
REWRITE statement.

7. The execution of the REWRITE statement causes the value of the FILE
STATUS data item, if any, associated with the file to be updated. (See
I-0 STATUS in this Chapter).

8. The REWRITE statement cannot be used with line sequential files
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THE USE STATEMENT

Function

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

[ f1le~name-1
INPUT

USE AFTER STANDARD{ EXCEPTIONY oo6cepure ON{OUTEUT

USE ERROR 2
EXTEND X

Syntax Rules

1.

A USE statement, when present, must immediately follow a section header
in the declaratives section and must be followed by a period followed
by a space. The remainder of the section must cousist of zero, one or
more procedural paragraphs that define the procedure™’'to be used.

The USE statement itself 1is never executed; it merely defines the
conditions calling for the execution of the USE procedures.

General Rules

1.

If the AT END phase has not been specified 1in the 1input-output
statement, the designated procedures are executed by the input-output
system after completing the standard input=-output error routine upon
recognition of the AT END condition

After execution of a USE procedure, control is returned to the invoking
routine, :

Within a USE procedure, there must not be. any reference to any non-
declarative procedures. Conversely, 1in the nondeclarative portion
there must be no reference to procedure-names that appear 1in the
declarative portion, except that PERFORM statements may refer to a USE
statemept or to the procedures assoclated with such a USE statement.

Within a USE procedure, there must not be the execution of any state-
ment that would cause the execution of a USE procedure that had
previously been invoked and had not yet returned control to the
invoking routine,
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THE WRITE STATEMENT

Function

The WRITE statement releases a logical record for an output file. Tt

can also be used for vertical positioning oL Eines within a logical page.

General Format

WRITE record-name [FROM identifier-1]

{LINE }]
integer LINES

BEFORE ,
{ e } ADVANCING
TAB
PAGE

Syntax Rules

Record-name and identifier-l must not reference the same storage area.

When TAB 1is specified the result is to cause the paper to throw to the
standard vertical tabulation position.

The record-name 1s the name of a logical record in the File Section of
the Data Division,

Integer may be zero.

General Rules

l'

2.

The associated file must be open in the OUTPUT mode at the time of the
execution of this statement. (See THE OPEN STATEMENT in this Chapter).

The logical record released by the execution of the WRITE statement 1is
no longer available in the record area unlessthe execution of the WRITE
statement was unsuccessful due to a boundary violation.,

The results of the execution of the WRITE statement with the FROM
phrase is eaquivalent to the execution of:

a, The statement:
MOVE identifier-l TO record-name

according to the rules specified for the MOVE statement, followed
by:

b. 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.
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10.

After execution of the WRITE statement 1is coaplete, the
information in the area referenced by identifier-1 1is available,
evan though the information in the area referenced by record-name
may not be. (See general rule 2.)

The curreunt 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, assoclated with the file to be updated. (See
I-0 STATUS in this Chapter).

The maximum record size for a file is established at the time the file
is created and must not subsequently be changed.

The number of character positions on a disk required to store a logical
record in a file may or may not be equal to the number of character
positions defined by ' the logical description of that record 1in the
program.

The execution of the WRITE statement releases a logical record to the
operating system.

The ADVANCING phrase allows control of the vertical positioning of each
line on a representation of a printed page. Tf the ADVANCING phrase is
not used, automatic advancing will be provided as long as ORGANIZATION
LINE SEQUENTIAL 1is specified. If the ADVANCING phrase 1is used,
advancing is provided as follows:

a. If integer is specified, the representation of the printed page is
advanced the nuwmber of lines equal to the value of integer.

b. If the BEFORE phrase 1s used, the line is presented before the
representation of the printed page 1s advanced according to rule a
above,

c. If the AFTER phrase 1s used, the line 1s presented after the
representation of the printed page 1s advanced according to rule
above.

d. If PAGE 1is 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.

When an attempt 1is made to write beyond the externally defined bound-
aries of a sequential 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. (See I-0
STATUS in this Chapter).

b. If a USE AFTER STANDARD EXCEPTION declarative 1is explicitly or

implicitly specified for the file, that declarative procedure will
then be executed.
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c. If A USE AFTER STANDARD EXCEPTION declarative is not explicitly or
implicitly specified for the file, the result is undefined.



CHAPTER 6

RELATIVE INPUT AND OJJTPUT

INTRODUCTION TO THE RELATIVE I-O0 MODULE

The Relative I-0 module provides a capability to access records of a mass
storage fille in either a random or sequential manner. Each record in a
relative file is uniquely identified by an integer value greater than zero
which specifies the record's ordinal position in the file.

LANGUAGE CONCEPTS

Organization’

Relative file organization 1is permitted only on disk devices. A relative
file consists of records which are identified by relative record numbers.
The file may 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 area, whether or not records have
been written in the first through the ninth record areas.

Access Modes

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

In the random access mode, the sequence 1in which records are accessed 1is
controlled by the programmer. The desired record 1is accessed by placing its
relative record number in a relative key data item.

In the dynamic access mode, the programmer may change at will from
sequential access to random access using appropriate forms of input-output
statements.

Current Record Pointer

The current record printer 1s a conceptual entity used in this document 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, START and READ statements,

I-0 Status

If the FILE STATUS clause 1is specified in a file control entry, a value is
placed into the specified two-character data item during the execution of an
OPEN, CLOSE, READ, WRITE, REWRITE, DELETE or START statement and before any
applicable USE procedure 1is executed, to indicate to the COBOL program the
status of that input-output operation.



Status Xey 1

The

leftmost character position of the FILE STATUS data item is «nown as

status key 1 and 1is set to indicate one of the following conditions upon
completion of the iaput-output operation.

'0' - indicates Successful Completion

'l'" - indicates At End

'2' - indicates Invalid Key

'3' - indicates Permanent Error

'9' -~ indicates an Operating System Error Yessage

The meaning of the above indications are as follows:

'0'" - Successful Completion. The input-output statement was
successfully executed.

'l' - At End. The Format 1 READ statement was unsuccessfully
executed as a result of an attempt to read a record when no
next logical record exists in the file.

'2' - Invalid Key. The input-output sStatement was unsuccessfully
executed as a result of one of the following:

* Duplicate Key

* No Record Found
* Boundary Violation
'3'" - Permanent Error. The input-output statement was unsuccessfully

executed as the vreult of an input-output error, such as data
check, parity error or transnmission erroc.

'9' - Operating System Error Message. The input-output statement was
unsuccessfully executed as the result of a condition that is
specified by the Operating System. This value 1is used oanly to
indicate a condition not 1indicated by otaer defined values of
status key 1, or by specified combinations of the values of status
key 1 and status key 2.

Status Key 2

as

The rightmost character position of the FILE STATUS data item 1is known
status key 2 and 1s used to further describe the reults of the

input-output operation. This character contains a value as follows:

* If no further information is available concerning the input-output
operation, then status key 2 contains a value of '0'



* When status key 1 contains a value of '2' indicating an INVALID
KEY condition, status key 2 is used to designate the cause of that
condition by the following values:

2

oy

Indicates a duplicate key value., An attempt has been
made to write A record that would create a duplicate key
in a relative file.

Indicates no record found. An attempt has been made to
access a record, 1identified by a key, and that record
does not exist in the file.

Indicates a boundary violation. An attempt has been
made to write beyond the externally-defined boundaries
of a relative file. This is normally treated as a fatal
error by the Operation System.

* When status key 1 contains a value of '9' the value of status key
2 is the Operating System Error Message number.

Valid Combinations of Status Keys 1 and 2

The valid permissible combinations of the values of status key 1 and
status key2 are shown in the table. An 'X' at an intersection indicates a
valid permissible combination.

Status Key 1

Status Key 2

No Further Duplicate [No Record Boundary
Information Key Found Violatfon
(0) (2) (3) 4)

Successful

Completion (0) X X X X

At End (1) X

Invalid Key (2) X X X

Permanent

Error (3) X

Implementor

Defined (9)

Operating System Error Message Number

The INVALID KEY Condition

The INVALID KEY condition can occur as a result of the execution of a START,
READ, WRITE, REWRITE or DELETE statement. For details of the causes of the
condition, see The START Statement, The READ Statement, The WRITE Statement,
The REWRITE Statement, and The DELETE Statement later in this chapter.



when the TINVALID KEY condition 1s recognised, the Operating System takes
these actions 1ia the followiny order:

1. A value is placed into the FILE STATUS data itew, if specified for this
file, to indicate an INVALID KEY condition. (See I-=) Status 1in this
Chapter).

2. If the INVALID KEY phrase 1s specified in the statement causing the
condition, control i3 transferred to the INVALID KEY imperative
statement, Any USE procedure specified for this file is not executed.

3. If the INVALID KEY phrase is not specified, but a USE procedure 1is
specified, either explicitly or dimplicitly, for this file, that
procedure is executed.

When the TINVALID EY condition occurs, execution of the input-output
statement which recognised the condition 13 unsuccessful, and the file {is
not affected.

The AT END Condition
The AT END condition can occur as a result of the exacution of a READ

statement. For details of the causes of the condition, see The READ
Statement later in this chapter.



ENVIRONMENT DIVISION IN THE RELATIVE I-O MODULE

INPUT-OUTPUT SECTION

The File-Control Paragraph

Function

The FILE-CONTROL paragraph names each file and allows specification of

other file-related 1information. (See also Appendix F 1in the COBOL INT
Operating Guide).

General Format

FILE=CONTROL (file-control-entry) eee

The File Control Entry

Function

The file control entry names a file and may specify other file-related

information.

General Format

SELECT file-name

ASSIGN TO external-file-name-literal*
file-identifier
[ external-file-name-literal}J
't file-identifier

3 ORGANIZATION IS RELATIVE

SEQUENTIAL JRELATIVE KEY IS data-name

ACCESS MODE IS { RANDOM } ,RELATIVE KEY IS data-name-1

DYNAMIC

[; FILE STATUS IS data-name-2].

Syntax Rules

1.

2.

The SELECT clause must be specified first in the file control entry.
The clauses which follow the SELECT clause may appear 1in any order.

Each file described in the Data Division must be named once and only
once as file-name in the FILE-CONTROL paragraph. Each file specified
in the file control entry must have a file description entry in the
Data Division.

If the ACCESS MODE clause 1is not specified, the ACCESS MODE IS
SEQUENTIAL clause 1is implied.

Data-name-2 must be defined 1in th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>