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Notices
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Trademarks

The following terms, denoted by .an asterisk (*) where they first occur in this publi-
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Chapter 1. About this book

This book is a reference for programmers using IBM* Systems Application Architec-
ture* AD/Cycle* PL/I Package/2. It is not a tutorial, but is designed for the reader
who already has a knowledge of the language and who requires reference informa-
tion needed to write a program that will be processed by PL/l compiler for OS/2*, It
contains guidance information and general-use programming interfaces.

Because this book is a reference manual, it is not intended to be read from front to

back, and terms may be used before they are defined. Terms are shown in italics
where they are defined in the book, and definitions are indexed.
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How PL/ Package/2 fits in the AD/Cycle framework

PL/I Package/2 is a participating product in the AD/Cycle framework, IBM's com-
posite application for developing and maintaining applications in Systems Applica-
tion Architecture* environments. The AD/Cycle framework consists of tools that
support the full range of application development activities, plus an application
development platform of specifications and services for integrating those tools.
Tools that conform to these specifications and services operate in concert with
other conforming tools. They present a common user interface, use common func-
tions when appropriate, and share common application development information.

Cross-Life Cycle Tools

Requirements gzz;yf’ls/ Produce Build/Test ;;caitri,ttlcgggge
Phase 9 Phase Phase e
Phase Phase
Enterprise Languages
Modeling
Tools
Test/
Maintenance/
Generators Redevelopment
Tools
Analysis/
?emgn Knowiedge-Based
ools
Systems

Application Development Platform

Figure 1. AD/Cycle Framework

AD/Cycle tools are grouped according to the type of application development activ-
ities they help perform. Figure 1 shows the AD/Cycle tool sets and their relation-
ship to the traditional development phases. Each tool set is a collection of
products, from IBM and members of the IBM International Alliance for the AD/Cycle
framework. PL/I Package/2 is part of the languages tool set, indicated by the
shaded box. PL/I Package/2 consists of a powerful new language compiler and a
Language Environment* that work together to provide solutions for your application
development needs.

For more information about the AD/Cycle framework, see the publication Systems
Application Architecture: AD/Cycle Concepts, GC26-4531.

Chapter 1. About this book 3



Using your documentation

The publications provided with PL/I Package/2 are designed to help you do PL/I
programming on a personal workstation. Each publication helps you perform a dif-
ferent task.

Where to look for more information

Figure 2. How to Use the Publications You Receive with PL/I Package/2

To... Use...

Evaluate the product PL/ Package/2 Fact Sheet

Understand warranty information PL/I Package/2 Licensed Program Specifications

Install the compiler and run-time PL/l Package/2 Installation

library

Prepare and test your programs PL/l Package/2 Programming Guide

and get details on compiler mes-

sages :

Get details on PL/I syntax and PL/I Package/2 Language Reference

specifications of language ele- PL/I Package/2 Reference Summary

ments

Get details on run-time messages PL/I Package/2 Language Environment Run-Time
Messages

For the complete titles and order numbers of these and other related publications,
see the “Bibliography” on page 468.

Notation conventions used in this book

The following sections describe how information is presented in this book. Exam-
ples and user-supplied information are presented in mixed-case characters.

How to read the syntax diagrams
Throughout this book, syntax is described using the following structure: ‘
® Read the syntax diagrams from left to right, from top to bottom, following the

path of the line. The following table shows the meaning of symbols at the
beginning and end of syntax diagram lines.

Symbol Indicates

»>— the syntax diagram starts here

e the syntax diagram is continued on the next line

»— the syntax diagram is continued from the previous line
—— the syntax diagram ends here

* Required items appear on the horizontal line (the main path).

»»—STATEMENT—required-item > <
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® Optional items appear below the main path.

»»—STATEMENT.

I—optiona 7-7’temJ

¢ When you can choose from two or more items, the items appear vertically, in a
stack. If you must choose one of the items, one item of the stack appears on
the main path. The default, if any, appears above the main path and is chosen
by the compiler if you do not specify another choice.

l—defau]t—item——
choice 1 ) >a

»»—STATEMENT.
Lchof ce 2

Note:

1 Because choice 1 appears on the horizontal bar, one of the items must be included in
the statement. If you don't specify either choice 1 or choice 2, the compiler implements
the default for you.

If choosing one of the items is optional, the entire stack appears below the
main path.

»»—STATEMENT— » <
|:opt7’ona7-choice 1
optional-choice 2

® An arrow returning to the left above the main line is a repeat arrow, and it indi-
cates an item that can be repeated.

»»—STATEMENT—Y—repeatable- i tem-L ' >

A repeat arrow above a stack indicates that you can make more than one
choice from the stacked items, or repeat a single choice.

® If there is a comma as part of the repeat arrow, you must use a comma to
separate items in a series.

»»—STATEMENT—Y—_repeatable- 7 temL >

If the comma appears below the repeat arrow line instead of on the line as
shown in the previous example, the comma is optional as a separator of items
in a series.

® A syntax fragment is delimited in the main syntax diagram by a set of vertical
lines. The corresponding meaning of the fragment begins with the name of the
fragment followed by the syntax, which starts and ends with a vertical line.
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»»—STATEMENT—] fragment | - > <

fragment:
f—syntax items |

* Keywords appear in uppercase (for example, STATEMENT) They must be
spelled exactly as shown. Variables appear in all lowercase letters (for
example, item). They represent user-supplied names or values.

*® If punctuation marks, parentheses, arithmetic operators, or other symbols are
shown, you must enter them as part of the syntax.

Semantics
To describe the PL/I language, the following conventions are used:

®* The descriptions are informal. For example, we usually write “x must be a vari-
able” instead of the more precise “x must be the name of a variable.” Similarly,
we may sometimes write “x is transmitted” instead of “the value of x is trans-
mitted.” When the syntax indicates “reference,” we may later write “the variable”
instead of “the referenced variable.”

® When we say that two different source constructs are equivalent, we mean that
they produce the same result, and not necessarily that the implementation is
the same.

® Unless specifically stated in the text following the syntax specification, the
unqualified term “expression” or “reference” refers to a scalar expression. ' For
an expression other than a scalar expression, the type of expression is noted.
For example, the term “array expression” indicates that neither a scalar
expression nor a structure expression is valid.

® When a result or behavior is undefined, it is something you “must not” do. Use
of an undefined feature is likely to produce different results on different imple-
mentations or releases of a PL/I product. The application program is consid-
ered to be in error.

® Default is used to describe an alternative value, attribute, or option that is
assumed by the system when no expilicit choice is specified.

® Implicit is used to describe the action taken in the absence of an explicit spec-
ification by the program.

® The blank symbol (b) indicates a blank character.

Industry standards used

The PL/I Package/2 compiler compiler is designed according to the specifications of
the following industry standards as understood and interpreted by IBM as of
December 1987:

® American National Standard Code for Information Interchange (ASCII),
X3.4 - 1977

® American National Standard Representation of Pocket Select Characters in
Information Interchange, level 1, X3.77 - 1980 (proposed to ISO, March 1,
1979)
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® The draft proposed American National Standard Representation of Vertical Car-
riage Positioning Characters in Information Interchange, level 1, dpANS X3.78
(also proposed to ISO, March 1, 1979)

* Selected features of the American National Standard PL/I General Purpose
Subset (ANSI X3.74-1987).
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Program elements

Chapter 2. P

rogram elements

This chapter describes the basic elements that are used to write a PL/l program.
The elements include character sets, programmer-defined identifiers, keywords,
delimiters, and statements.

PL/I supports the Single Byte Character Set (SBCS) and the Double Byte Character
Set (DBCS).

The implementation limits for PL/I's language elements are listed in the
Appendix A, “Limits” on page 465.

Single-byte character set

Alphabetic and

PL/I supports the ASCII Character Set 0850, which contains the English alphabet,
digits, special characters, and other national language and control characters. Con-
stants and comments can contain any SBCS character value. PL/I elements (for
example, statements, keywords and delimiters) are limited to the characters
described in the following sections.

extralingual characters

The default alphabet for PL/I is the English alphabet plus the extralingual charac-
ters.

Alphabetic characters

There are 26 base alphabetic characters that comprise the English alphabet. They
are shown in Figure 3 with the equivalent ASCIl and EBCDIC values in
hexadecimal notation.

Figure 3 (Page 1 of 2). Alphabetic equivalents

EBCDIC EBCDIC ASCIl ASCII
Uppercase Lowercase Uppercase Lowercase

Character Hex Value Hex Value Hex Value Hex Value

A C1 81 41 61

B c2 82 42 62

C c3 83 43 63

D C4 84 44 64

E C5 85 45 65

F C6 86 46 66

G Cc7 87 47 67

H C8 88 48 68

! Cc9 89 49 69

J D1 91 4A 6A

K D2 92 4B 6B

L D3 93 4C 6C

M D4 94 4D 6D

10
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Decimal digits

Decimal digits

Figure 3 (Page 2 of 2). Alphabetic equivalents

EBCDIC EBCDIC ASCII ASCl
Uppercase Lowercase Uppercase Lowercase

Character Hex Value Hex Value Hex Value Hex Value

N D5 95 4E 6E

o) D6 96 4F 6F

P D7 97 50 70

Q D8 98 51 71

R D9 99 52 72

S E2 A2 53 73

T E3 A3 54 74

U E4 A4 55 75

\Y E5 A5 56 76

w E6 A6 57 77

X E7 A7 58 78

Y E8 A8 59 79

z E9 A9 5A 7A

Extralingual characters

The default extralingual characters are the number sign (#) the at sign (@), and the
currency sign ($). The hexadecimal values for these characters vary across code
pages. You can use the NAMES compiler option to define your own extralingual
characters. For more information on defining extralingual characters, refer to the
PL/I Package/2 Programming Guide.

Alphanumeric characters
An alphanumeric character is either an alphabetic or extralingual character, or a
digit.

PL/1 recognizes the 10 decimal digits, O through 9. They are also known simply as
digits and are used to write decimal constants and other representations and
values. The following table shows the digits and their hexadecimal values.

Figure 4 (Page 1 of 2). Decimal digit equivalents

: EBCDIC ASCIl
Character Hex Value Hex Value
0 FO 30
1 F1 31
2 F2 32
3 F3 33
4 F4 34
5 F5 35
6 F6 36

Chapter 2. Program elements 11



Binary digits

Figure 4 (Page 2 of 2). Decimal digit equivalents

EBCDIC ASCIl
Character Hex Value Hex Value
7 F7 37
8 F8 38
9 F9 39

Binary digits
PL/I recognizes the 2 binary digits, 0 and 1. They are also known as bits and are
used to write binary and bit constants.

Hexadecimal digits

PL/I recognizes the 16 hexadecimal digits, 0 through 9 and A through F. A through
F represent the decimal values 10 through 15, respectively. They are also known
as hex digits or just hex and are used to write constants in hexadecimal notation.

Special characters

Figure 5 shows the special characters, their PL/| meanings, and their ASCII and
EBCDIC values in hexadecimal notation.

Figure 5 (Page 1 of 2). Special character equivalents

Default Default
EBCDIC ASCIl

Character Meaning Hex Value Hex Value

b Blank 40 20

= Equal sign or assignment symbol 7E 3D

+ Plus sign 4E 2B

- Minus sign 60 2D

* Asterisk or multiply symbol 5C 2A

/ Slash or divide symbol 61 2F

( Left parenthesis 4D 28

) Right parenthesis 5D 29

, Comma 6B 2C
Point or period 4B 2E

' Single quotation mark 7D 27

" Double quotation mark 7F 22

% Percent 6C 25

; Semicolon 5E 3B
Colon 7A 3A
Not symbol, exclusive-or symbol

4 (Note 1) 5F 5E

& And symbol 50 26

| Or symbol (Note 1) 4F 7C
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Composite symbols

Figure 5 (Page 2 of 2). Special character equivalents

Defauit Default
EBCDIC ASCII
Character Meaning Hex Value Hex Value
> Greater than symbol 6E 3E
< Less than symbol 4C 3C
_ Break character (underscore) 6D 5F
? Question mark 6F 3F

Note 1:

The or (l) and the not (—) symbols have variant code points. You can use the compiler
options OR and NOT to define alternate symbols to represent these operators. For more
information about defining symbols, refer to the PL/I Package/2 Programming Guide.

Composite symbols
You can combine special characters to create composite symbols. The following
table describes these symbols and their meanings. Composite symbols cannot
contain blanks.

Figure 6. Composite symbol description

Composite Symbol Meaning

| Concatenation

** Exponentiation

—< Not less than

—_> Not greater than

—= Not equal to

<= Less than or equal to
>= Greater than or equal to
I ~ Start of a comment

*/ End of a comment

- Locator

Case sensitivity
You can use a combination of lowercase and uppercase characters in a PL/I
program.

When used in keywords or identifiers, the lowercase characters convert to the cor-
responding uppercase characters. This is true even if you entered a lowercase
character as a DBCS character.

When used in a comment or in a character, mixed, or a graphic string constant,
lowercase characters remain lowercase.

Chapter 2. Program elements 13



SBCS Statement elements

Statement elements for SBCS

Identifiers

This section describes the elements that make up a PL/I program when using
SBCS.

A PL/I statement consists of identifiers, delimiters, operators, and constants. Con-
stants are described in Chapter 3, “Data elements” on page 24.

An identifier is a series of characters, not contained in a comment or a constant.
Except for P, PIC, and PICTURE, identifiers must be preceded and followed by a
delimiter. (P, PIC, and PICTURE identifiers can be followed by a character string.)
The first character of an identifier must be one of the alphabetic or extralingual
characters. Other characters, if any, can be alphabetic, extralingual, digit or the
break (_) character.

Identifiers can be PL/I keywords or programmer-defined names. Because PL/I can
determine from the context if an identifier is a keyword, you can use any identifier
as a programmer-defined name. There are no reserved words in PL/L.

PL/l keywords

A keyword is an identifier that has a specific meaning in PL/l. Keywords can
specify such things as the action to be taken or the attributes of data. For
example, READ, DECIMAL, and ENDFILE are keywords. Some keywords can be
abbreviated. The keywords and their abbreviations are shown in uppercase letters.

Programmer-defined names

In a PL/! program, names are given to variables and program control data. There
are also built-in names, condition names, and generic names. Any identifier can be
used as a name. A name can have only one meaning in a program block. For
example, the same name cannot be used for both a file and a floating-point vari-
able in the same block.

To improve readability, the break character (_) can be used in a name, such as
Gross_Pay.

Examples of names are:
A Rate_of_pay

Record Loop_3

Additional requirements for programmer-defined external names are given in
“INTERNAL and EXTERNAL attributes” on page 134.

An asterisk (*) may be used as an identifier name in situations where a name is
required but you have no need to refer to it.
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Delimiters and operators

Delimiters and operators

Delimiters and operators are used to separate identifiers and constants. Figure 7
shows delimiters, and Figure 8 shows operators.

Figure 7. Delimiters

Name Delimiter Use

Comment > >/ The /* and */ enclose commentary (this delimiter
includes the /* and the */ and any characters
between them.)

Comma , Separates elements of a list; precedes the BY NAME
option

Period Connects elements of a qualified name; decimal or
binary point

Semicolon ; Terminates a statement

Assignment = Indicates assignment

symbol '

Colon Connects prefixes to statements; connects lower-
bound to upper-bound in a dimension attribute; used
in RANGE specification of DEFAULT statement

Blank b Separates elements

Parentheses () Enclose lists, expressions, iteration factors, and
repetition factors; enclose information associated
with various keywords

Locator - Denotes locator qualification

Percent % Indicates % statements

Single quote ! Encloses constants (indicates the beginning and end

of-a constant)

Double quote "

Encloses constants (indicates the beginning and end
of a constant)

Note: Omitting certain symbols can cause errors that are difficult to trace. Common errors
are unbalanced quotes, unmatched parentheses, unmatched comment delimiters, and

missing semicolons.

Figure 8 (Page 1 of 2). Operators

Operator type Character(s) Description
Arithmetic + Addition or prefix plus
Subtraction or prefix minus
* Multiplication
/ Division
*k Exponentiation
Comparison = Equal to
—= Not equal to
< Less than
—< Not less than
> Greater than
—> Not greater than
<= Less than or equal to
>= Greater than or equal to

15
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Blanks

Figure 8 (Page 2 of 2). Operators

Operator type Character(s) Description
Logical — Not, Exclusive-or
& And
| Or
String | Concatenation

The characters used for delimiters can be used in other contexts. For example, the
period is a delimiter when used in name qualification (for example,
Weather.Temperature), but is a decimal point in an arithmetic constant (for example,
3.14).

Blanks

You can surround each operator or delimiter with blanks (b). One or more blanks
must separate identifiers and constants that are not separated by some other
delimiter. Any number of blanks can appear wherever one blank is allowed.

Blanks cannot occur within identifiers, composite symbols, or constants (except in
character, mixed, and graphic string constants).

Some examples are:

ab+bc is equivalent to Ab + Bc
Table(10) is equivalent to TABLED(b10bBD)
First,Second is equivalent to first,bsecond
AtoB is not equivalent to AbtobB

Other cases that require or allow blanks are noted where the feature of the lan-
guage is discussed.

Comments

Comments are allowed wherever blanks are allowed as delimiters in a program. A
comment is treated as a blank and used as a delimiter. Comments are ignored
and do not affect the logic of a program. The syntax for a comment is:

»—/*

*/ > <
|—te)<t—J :

r specifies the beginning of a comment.

text specifies any sequences of characters except the */ composite symbol,
which would terminate the comment.

* specifies the end of the comment.

A comment can be entered on one or more lines. For example:
A = /* This comment is on one line */ 21;

/* This comment spans
two Tines */

16 Pu Package/2 Language Reference



Statements

In the following example, what appears to be a comment is actually a character
string constant because It is enciosed in quoies.

A = "'/* This is a constant, not a comment */' ;

Statements

You use identifiers, delimiters, operators, and constants to construct PL/I state-
ments.

Although your source program consists of a series of records or lines, PL/I views
the program as a continuous stream of characters. There are few restrictions in the
format of PL/I statements, and programs can be written without considering special
coding rules or checking to see that each statement begins in a specific column. A
statement can begin in the next position after the previous statement, or it can be
separated by any number of blanks.

Some statements begin with a % symbol. These statements are either control
statements that direct the compilation (controlling listings, including program source
text from a library, and so on) or are PL/I Macro Facility statements. A control
statement must be on a line by itself.

To improve program readability and maintainability and to avoid unexpected results
caused by loss of trailing blanks in source lines, the following recommendations
should be followed:

® Do not split a basic language element across lines. If a string constant must be
written on multiple lines, use the concatenation operator (|).

® Do not write more than one statement on a line.
® Do not split % control statements across lines.
The PL/I statements and the control statements are alphabetically listed in

Chapter 8, “Statements” on page 167. The Macro Facility statements are alpha-
betically listed in “Macro facility statements” on page 453.

The syntax for a statement is:

»»

L—condition-pref7x=J L—]abe?-pref#x;J I--statement—-I

The syntax for a % statement is:

»>—7 L

|
L—Iabeifpreffx—J I—-stfzntememt—-|

Every statement must be contained within some enclosing group or block.

condition-prefix
A condition prefix specifies the enabling or disabling of a PL/I condition.
For more information, refer to Chapter 15, “Condition handling” on
page 302.

Chapter 2. Prbgram elements 17



Simple statements

label-prefix
A label prefix is one or more statement labels. It identifies a statement so
that it can be referred to at some other point in the program. Statement
labels are either label constants (discussed in “Label data and LABEL
attribute” on page 46), entry constants (discussed in “Entry data” on
page 112), or format constants (discussed in “Format data and FORMAT
attribute” on page 47).

Any statement, except DECLARE, DEFAULT, WHEN, OTHERWISE and
ON statements, can have a label prefix.

The syntax of a label prefix is:

»—Efdentifier—: | >«

The syntax for individual statements throughout this book generally does
not show the condition prefix or the label prefix.

statement
A simple or a compound statement.

Simple statements
The types of simple statements are: keyword, assignment, and null.

A keyword statement is a statement that begins with a keyword.
This keyword indicates the function of the statement. In the following example,
READ and DECLARE are keywords:

READ file(In) into(Input); /* keyword statement */
%#DECLARE text char; /* keyword % statement */

The assignment statement contains one or more identifiers on the left side of the
assignment symbol (=) and an expression on the right. It does not begin with a

keyword:
A=B+C; /* assignment statement  */
%size = 153 /* % assignment statement  */

The null statement consists of only a semicolon and is a nonoperational statement:

; /* null statement */
Label:; /* labeled null statement */
% /* % null statement */

Compound statements
Compound statements are all keyword statements. Each begins with a keyword
which indicates the function of the statement. A compound statement contains one
or more simple or compound statements. There are four compound statements:
IF, ON, WHEN, and OTHERWISE. A compound statement is terminated by the
semicolon that also terminates the final statement of the compound statement.
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Groups

The following are examples of compound statements:

on conversion
onchar{() = '0";

if Text = 'stmt' then

do;
select(Type);
when('if') call If_stmt;
when('do') call do_stmt;
when('') /* do nothing */ ;
otherwise
call Other_stmt;
end;
call print;
end;
end;

%if type = 'AREA' %then
%size = size + 16;
%else;

Groups

Statements can be contained within larger program units called groups. A group is
either a do-group or a select-group. A do-group is a sequence of statements delim-
ited by a DO statement and a corresponding END statement. A select-group is a
sequence of WHEN statements and an OTHERWISE statement delimited by a
SELECT statement and a corresponding END statement. The delimiting state-
ments are considered to be part of the group.

When a group is used in a compound statement, control either flows into the group
or bypasses it, effectively treating the group as if it were a single statement.

The flow of control within a group is discussed for do-groups under “DO statement”
on page 173 and for select-groups under “SELECT statement” on page 193.

Every group must be contained within some enclosing group or block. Groups can
contain none, one, or more statements or groups.

Double-byte character set

Each character in the double-byte character set (DBCS) is stored in 2 bytes.
DBCS characters can be used anywhere in the source program where a comment,
statement label, identifier, or a constant can be used.

When the GRAPHIC compiler option is in effect, source language elements can be
written using DBCS and SBCS.

DBCS identifiers

DBCS identifiers can be composed of single-byte characters in DBCS form, double-
byte characters, or a combination of both.
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Single-byte identifiers in DBCS form

DBCS identifiers containing only single-byte characters must conform to the normal
PL/I naming conventions, including the first-character rule. A DBCS identifier con-
taining single-byte characters expressed as DBCS equivalents is a synonym of the
same identifier in SBCS.

Notes:

1. This book uses the symbol “.” (bold period) to represent the first byte of a
double-byte character that can also be represented as SBCS.

2. This book uses “kk” to represent a double-byte character.

Example:
I.B.M=3; /* is the same as IBM=3; */

DBCS identifiers containing double-byte characters

The sum of the number of SBCS characters plus 2 times the number of DCBS
characters in a DBCS name cannot exceed 31. Names containing one or more
DBCS characters are considered to be all DBCS. For example,

AkkB

Akk.B
.AkkB /* are all .Akk.B (3 DBCS characters) */

Uses for double-byte character identifiers

A DBCS identifier can be used wherever an SBCS identifier is allowed. When
DBCS identifiers are used for EXTERNAL names and %INCLUDE file names, you
must ensure that the identifiers are acceptable to the operating system, or are
made acceptable by one of the following:

® The EXTERNAL attribute with an environment-name is used.
® The TITLE option of OPEN or FETCH statement is used.

Statement elements for DBCS

This section provides supplemental information about writing PL/I language ele-
ments using DBCS. Definitions of the language elements in this section and
general usage rules appear in corresponding sections in “Statement elements for
SBCS” on page 14. The following is a list-of the language elements, an explana-
tion of the rules, and examples of usage.

Identifiers
Use SBCS, DBCS or both.
dcl Eof /* in SBCS, is the same as */
del .E.o.f /* this in DBCS. */
del kkkkX /* these are all the same, where */
dcl kkkk.X /* kk is a valid */
del kkkkx /* DBCS character */
del kkkk.x /* */
Comments
Use SBCS, DBCS or both. ‘
/* comment */ /* all SBCS */
/* T.y.p.e kk */ /* DBCS text */
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Mixed Character String Constant
Enclose in SBCS quotes.

Data can be expressed in SBCS or DBCS or both. The DBCS portion is
not converted to SBCS.

'.a.b.c'M stored as .a.b.c 6 bytes
LI.BMLT.S™™ stored as J.BMLTLS 10 bytes
"LILB.M'TTLS'M stored as .1.B.M'.S 9 bytes
" IBMkk'M stored as [BMkk 5 bytes

Graphic Constant
Enclose in SBCS quotes.

Examples:
'.a.b.c'G /* 6 byte graphic constant */
"LI.B.M.'.S'G /* 10 byte graphic constant .I.B.M.'.S */

DBCS continuation rules

If a DBCS character (not a DBCS semicolon) is separated from the right margin by
a single SBCS blank, then the blank is ignored and the statement is continued at
the left margin of the next input record.
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Data elements

Chapter 3. Data elements

This chapter introduces the kinds of data you can use in PL/I programs and the
attributes you use to describe them. The discussion covers:

¢ A review of data items
® A review of variables and constants
® The types of data that are available and the attributes that define them.

For information on how to declare data, refer to Chapter 7, “Data declaration” on
page 128.

Data items

Variables

Constants

24

A data item is the value of either a variable or a constant. (These terms are not
exactly the same as in general mathematical usage. They are discussed further in
the next section.) Data items can be single items, called scalars, or they can be a
collection of items called data aggregates.

Data aggregates are groups of data items that can be referred to either collectively
or individually. The kinds of data aggregates are arrays, structures, and unions.
You can use any type of computational or program control data to form a data
aggregate.

Arrays are discussed in “Arrays” on page 144, structures in “Structures” on
page 147, unions in “Unions” on page 149, and arrays of structures and unions
starting in “Combinations of arrays, structures, and unions” on page 153.

A variable has a value or values that may change during execution of a program.
A variable is introduced by a declaration, which declares the name and certain attri-

butes of the variable. A variable hav:ng the NONASSIGNAB! E gHribute is

assumed not to change during execution. (Refer to “ASSIGNABLE and NONAS-
SIGNABLE attributes” on page 216 for more information.) A variable reference is
one of the following:

® A declared variable name

® A reference derived from a declared name through:
— Pointer qualification
— Structure qualification
— Subscripting.

(See Chapter 4, “Expressions and references” on page 50.)

A constant has a value that cannot change. Constants for computational data are
referred to by stating the value of the constant or naming the constant in a
DECLARE statement. For more information on declaring named constants, see
“Named constants” on page 45.

Constants for program control data are referred to by name.
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Quotation marks

Using quotation marks

String constants, hexadecimal constants, and the picture-specification are enclosed
in either single or double quotation marks.

The following rules apply to quotation marks within a string:

® If the included quotation marks are the same type as those used to enclose the
string, you must enter two quotation marks (that is, '' or "") for each occur-
rence to be included.

® If the included quotation marks are the type that is not used to enclose the
string, enter only one quotation mark for each instance to be included. The
single occurrence is treated as data.

Examples:
'Shakespeare''s "Hamlet"' is identical to
"Shakespeare's ""Hamlet"""

PICTURE "99V9" is identical to
PICTURE '99v9'

Note: The syntax diagrams in this book show single quotation marks. Double
guotation marks can be substituted unless otherwise noted.

Punctuating constants

To improve readability, arithmetic, bit, and hexadecimal constants can use the
break character ( _ ). For example:

'1100_1010'8 is the same as '11001010'8
1100_10168 is the same as 110010108
"C_A'B4 is the same as 'ca'ba
"C_A'XN is the same as ‘ca'XN
16_777_216 is the same as 16777216

Data types and attributes

Data used in a PL/I program can be classified as computational data and program
control data:

Computational data represents values that are used in computations to produce
desired result. It consists of arithmetic and string data.

Arithmetic data is either coded arithmetic data or numeric
picture data.

Coded arithmetic data items are rational numbers. They
have the data attributes of base (BINARY or DECIMAL),
scale (FLOAT or FIXED), precision (significant digits and
decimal point placement), and mode (REAL or COMPLEX).

Numeric picture data is numeric data that is held in character
form and is discussed under “Numeric character data” on
page 43.

A string is a sequence of contiguous characters, bits, or
graphics that are treated as a single data item.
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Data types and attributes

Program control data
represents values that are used to control execution of your
program. It consists of the data types: area, entry, label, file,
format, pointer, and offset.

For example:
Area = (Radius**2) * 3.1416;

Area and Radius are coded arithmetic variables of computational data. The
numbers 2 and 3.1416 are coded arithmetic constants of computational data.

If the number 3.1416 is to be used in more than one place in the program, or if it
requires specific data or precision attributes, you should declare it as a named con-
stant. Thus, the above statement can be coded as:

dcl Pi FIXED DEC (5,4) VALUE(3.1416);
area = (radius**2) * Pi;

Constants for program control data have a value that is determined by the compiler.
In the following example, the name Tocp represents a label constant of program
control data. The value of loop is the address of the statement A=2*B;.
loop: A=2*B;

(=B+6;
To work with a data item, PL/l needs to know the type of data and how to process
it. Attributes provide this information. The kinds of attributes are:

Data attributes
describe both computational and program control data items.

AREA ENTRY NONVARYING SIGNED
BINARY FILE OFFSET STRUCTURE
BIT FIXED PICTURE UNSIGNED
CHARACTER FLOAT POINTER UNION
COMPLEX FORMAT PRECISION VARYING
DECIMAL GRAPHIC REAL

DIMENSION LABEL RETURNS

Descriptive attributes
describe both computational and program control data items. They can be
specified only in DECLARE statements (including ENTRY and GENERIC
descriptor lists), and are the only attributes that can be specified after an
asterisk in an ENTRY or GENERIC descriptor list.

ALIGNED CONNECTED OPTIONAL

ASSIGNABLE CONTROLLED UNALIGNED
BYADDR NONASSIGNABLE
BYVALUE NONCONNECTED
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Non-data attributes
describe non-data elements (for example, built-in functions) or provide
additional description for elements that have other data attributes. They
can be specified only in DECLARE statements (excluding ENTRY and
GENERIC descriptor lists).

ABNORMAL CONDITION EXTERNAL KEYED PARAMETER
AUTOMATIC DEFINED GENERIC LIKE POSITION
BASED DIRECT INITIAL NORMAL STATIC
BUFFERED ENVIRONMENT INPUT OPTIONS

BUILTIN EXCLUSIVE INTERNAL OUTPUT

For example, the keyword CHARACTER is a data attribute for the string type of
computational data. The keyword FILE is a data attribute for the file type of
program control data. The INTERNAL scope attribute specifies that the data item
is known only within its declaring block.

The details of how you use keywords and expressions to specify the attributes are
in Chapter 7, “Data declaration” on page 128. Briefly, they are:

® Explicitly, using a DECLARE statement
¢ Contextually, letting PL/I determine them
® By using programmer-defined or language-specified defaults.

Figure 9 on page 28 and Figure 10 on page 29 help you correlate PL/I' variety of
attributes with its variety of computational and program control data types. The
tables show that the constants and the named constants can only have the indi-
cated data and scope attributes (Figure 9 on page 28). Variables can specify
additional attributes (Figure 10 on page 29).

In the example,
Area = (Radius**2)*3.1416;

the constant 3.1416 is given the attributes:

* DECIMAL because it is not explicitly a binary constant

®* FIXED because it is fixed point number

* PRECISION(5,4) - 5 significant digits with 4 to the right of the decimal point
®* REAL because it does not have an imaginary part

® INTERNAL and ALIGNED.

(See the “Coded arithmetic” row, and “Data Attributes” and “Scope Attributes”
columns of Figure 9 on page 28.)

The constant 1.0 (a decimal fixed-point constant) is different from the constants 1
(another decimal fixed-point constant), '1'B (a bit constant), '1' (a character con-
stant), 1B (binary fixed-point constant), or 1E0 (a decimal floating-point constant).

In the following example, the variable Pi has the programmer-defined data attri-
butes of FIXED and DECIMAL with a PRECISION of five digits, four to the right of
the decimal point.

declare Pi fixed decimal(5,4) initial(3.1416);
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Because this DECLARE statement contains no other attributes for Pi, PL/I applies
the defaults for the remaining attributes:

®* REAL from the Data Attributes column

® ALIGNED from the Alignment Attributes column
®* INTERNAL from the Scope Attributes column

®* AUTOMATIC from the Storage Attributes column
¢ SIGNED from the data attributes column.

(See the coded arithmetic row of Figure 10 on page 29.)

Figure 9 (Page 1 of 2). Classification of attributes by constant types

Constant Type

Data Attributes
(Notes 1 and 2)

Scope Attributes
(Notes 1 and 2)

Coded
arithmetic

REAL | imaginary
FLOAT | FIXED
BINARY | DECIMAL
PRECISION

internal

Named coded
arithmetic

REAL | COMPLEX
FLOAT | FIXED

internal

BINARY | DECIMAL
PRECISION

VALUE

SIGNED | UNSIGNED

String BIT | CHARACTER | GRAPHIC internal
(length)

BIT | CHARACTER | GRAPHIC internal
[(length)]

[VARYING | NONVARYING]
VALUE

Named string

POINTER | OFFSET internal
VALUE

Named locator

Named picture PICTURE internal
REAL | COMPLEX
VALUE

File(Note 4) FILE ENVIRONMENT

STREAM | RECORD

INPUT | OUTPUT | UPDATE
SEQUENTIAL | DIRECT
BUFFERED | UNBUFFERED(Note 5)
KEYED

PRINT

INTERNAL | EXTERNAL

Entry(Note 6) ENTRY [RETURNS] INTERNAL | EXTERNAL

Format(Note 6) FORMAT : internal
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Figure 9 (Page 2 of 2). Classification of attributes by constant types

Constant Type

Data Attributes
(Notes 1 and 2)

Scope Attributes
(Notes 1 and 2)

Label(Note 6)

LABEL

internal

Notes:

1. Attributes in this table that appear in uppercase can be explicitly declared. Attributes that are in lower case are

implicitly given to the data type.

2. Defaults for data attributes are underlined. Because the data attributes for literal constants are contextual,
defaults are not applicable. Named constants and file constants have selectable attributes, so defaults are shown.

(o) BN ) B -

. All constants are internal.

. File Attributes are described in Chapter 10, “Input and output” on page 228.
. BUFFERED is the default for SEQUENTIAL files. UNBUFFERED is the default for DIRECT files.

. Format and label constants, and INTERNAL entry constants cannot be declared in a DECLARE statement.

Figure 10 (Page 1 of 2). Classification of attributes by variable types

Variable Data Attributes Alignment Scope Storage Attributes
Type Attributes Attributes
Area AREA(size) ALIGNED INTERNAL | AUTOMATIC | STATIC |
Coded REAL | COMPLEX ALIGNED | EXTERNAL ggiﬁ% (')LLED
arithmetic FLOAT | FIXED UNALIGNED INTERNAL is
(Note 1) BINARY | DECIMAL ( .
mandatory for (AUTOMATIC is
PRECISION
AUTOMATIC the default for
[SIGNED | _
UNSIGNED] BASED INTERNAL;
DEFINED STATIC is the
Entry ENTRY [RETURNS] PARAMETER) default for
[LIMITED] EXTERNAL)
Fil FILE
re Defined variable:
Format FORMAT DEFINED
Label LABEL [POSITION]
Locator POINTER | {OFFSET Parameter:
[(area-variable)]} PARAMETER
Picture PICTURE ALIGNED | [CONNECTED |
REAL | COMPLEX UNALIGNED NONCONNECTED]
[CONTROLLED]
String BIT | CHARACTER |
GRAPHIC [INITIAL
[(length)] [CALL]]
[ VARYING |
NONVARYING] [VARIABLE]
[NORMAL |
ABNORMAL]
ASSIGNABLE |
NONASSIGNABLE

Arrays: DIMENSION may be added to the declaration of any variable. Refer to “Arrays” on page 144 for more

information.
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Figure 10 (Page 2 of 2).. Classification of attributes by variable types

Variable Data Attributes Alignment Scope Storage Attributes
Type Attributes Attributes

Structures and unions:

® For a major structure or union: scope, storage (except INITIAL), alignment, STRUCTURE or UNION, and the
LIKE attributes may be specified.

¢ For a member that is a structure or a union: alignment, STRUCTURE or UNION, and the LIKE attributes may be
specified.

® Members always have the INTERNAL scope attribute.

Refer to “Structures” on page 147 and “Unions” on page 149 for more information.

Notes:

1. Undeclared names, or names declared without a data type, default to coded arithmetic variables. Default attri-
butes are described in “Defaults for attributes” on page 141. Defaults shown are IBM defaults. ANS defaults are
FIXED and BINARY rather than FLOAT and DECIMAL.

2. POSITION can be used only with string overlay defining.

Computational data types and attributes

This section describes the data types classified as computational data and the attri-
butes associated with them.

Coded arithmetic data and attributes

Refer to “Data types and attributes” on page 25 for general information about
coded arithmetic data.
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BINARY and DECIMAL

Syntax for coded arithmetic data is shown in the following diagram:

|—| float sequence l——l r—REAL—-——

float sequence:
|—FLOAT.

|—| fixed sequence |—| LcompLex

L{ PRECISION for FLOAT |

»
4

DECIMAL
L7771 4 pRecISION for FLOAT

LBINARY

Ly PRECISION for FLOAT |
fixed sequence:

I—FIXED
Ly pRECISION for FIXED |

DECIMAL
r Ly PRECISION for FIXED |

»

|~BINARY

PRECISION for FLOAT:
(number-of-digits)

Ly PReCISION for FIXED |- Lunsinep

Lprectsion]
PRECISION for FIXED:

(number-of-digits )
L-PRECISION—J |—, sca]ing-factor—] I

Figure 11. Abbreviations for coded arithmetic data attributes

Attribute Abbreviation
BINARY BIN
COMPLEX CPLX
DECIMAL DEC
PRECISION PREC

BINARY and DECIMAL attributes

The base of a coded arithmetic data item is either decimal or binary.

Default: DECIMAL.

Refer to “PRECISION attribute” on page 32 for information about the precision-

attribute.

FIXED and FLOAT attributes

The scale of a coded arithmetic data item is either fixed-point or floating-point.

A fixed-point data item is a rational number in which the position of the decimal or
binary point is specified, either by its appearance in a constant or by a scaling

factor declared for a variable.

Floating-point data items are rational numbers in the form of a fractional part and

an exponent part.

Chapter 3. Data elements 31



PRECISION

PRECISION attribute
The precision of a coded arithmetic data item includes the following factors. The
scaling factor is used only for floating point items.

number of digits
is an integer that specifies how many digits the value can have. For fixed
point items the integer is the number of significant digits. For floating point
items the integer is number of significant digits to be maintained excluded
the decimal point.

scaling factor
is an optionally-signed integer that specifies the assumed position of the
decimal or binary point, relative to the rightmost digit of the number. If no
scaling factor is specified, the default is 0.

The precision attribute specification is often represented as (p,q), where p repres-
ents the number of digits and g represents the scaling factor.

A negative scaling factor (-q) specifies an integer, with the point assumed to be
located q places to the right of the rightmost actual digit. A positive scaling factor
(g) that is larger than the number of digits specifies a fraction, with the point
assumed to be located g places to the left of the rightmost actual digit. In either
case, intervening zeros are assumed, but they are not stored; only the specified
number of digits is actually stored.

if PRECISION is omitted, the precision attribute must follow, with no intervening
attribute specifications, the scale (FIXED or FLOAT), base (DECIMAL or BINARY),
or mode (REAL or COMPLEX) attributes at the same factoring level.

If included, PRECISION( ) can appear anywhere in the declaration.
Integer value means a fixed-point value with a scaling factor of zero.

REAL and COMPLEX attributes
The mode of an arithmetic data item (coded arithmetic or numeric character) is
either real or complex.

A real data item is a number that expresses a real value.

A complex data item consists of two parts—the first a real part and the second an
imaginary part. For a variable representing complex data items, the base, scale,
and precision of the two parts are identical.

Default REAL for arithmetic variables. Complex arithmetic variables must be
explicitly declared with the COMPLEX attribute.

An imaginary constant is written as a real constant of any type immediately fol-
lowed by the letter I. Examples are: ’
271

3.968E101
11011.01BI
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SIGNED and UNSIGNED attributes

Each of these has a real part of zero. A complex value with a nonzero real part is
represeried by aii expression with the following syintax.

3 real_constant + imaginary_constant > <
+ L.

For example, 38+271.

Given two complex numbers, y and z:

Y
z

complex(A,B);
complex(C,D);

x=y/z is calculated by:

(A*C + B*D)/(C**2 + D**2);
(B*C - A*D)/(C**2 + D**2);

real (x)
imag(x)

x=y*z is calculated as follows:

A*C - B*D;
B*C + A*D;

real(x)
imag(x)

Computational conditions can be raised during these calculations.

SIGNED and UNSIGNED attributes

The SIGNED and UNSIGNED attributes can be used only with FIXED BINARY var-
iables. SIGNED indicates that the variable can assume negative values.
UNSIGNED indicates that it can assume only nonnegative values. The UNSIGNED
attribute permits the compiler to generate more efficient code in some situations,
such as the BY expression in a type 3 DO loop or the second argument to the
MQOD built-in function.

SIGNED and UNSIGNED have no effect on the semantics of fixed point operations.
All intermediate results are SIGNED. For example, the following declaration
produces a result of SIGNED FIXED BINARY(8).

dcl U7 unsigned fixed bin(7);
call X(U7 + U7);

X is, therefore, passed a 2-byte signed integer unless the entry descriptor for X indi-
cates otherwise.

The built-in functions REAL and IMAG, when applied to an unsigned argument,
have an unsigned result. All other built-ins, except UNSIGNED, have a signed
result.

These attributes also affect the storage requirements, as shown in Figure 12 on
page 34 and Figure 13 on page 34.
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Binary fixed-point data

Figure 12. FIXED BIN SIGNED data storage requirements

This precision: Occupies this amount of storage:
precision <= 7 1
7 < precision <= 15 2
15 < precision <= 31 4

Figure 13. FIXED BIN UNSIGNED data storage requirements

This precision: Occupies this amount of storage:
precision <= 8 1
8 < precision <= 16 2
16 < precision <= 31 4

Binary fixed-point data
The data attributes for declaring binary fixed-point variables are BINARY and
FIXED. For example: -

declare Factor binary fixed (20,2);

Factor is declared as a variable that can represent binary fixed-point data of 20
data bits, two of which are to the right of the binary point.

Refer to “SIGNED and UNSIGNED attributes” on page 33 for information on how
much storage signed and unsigned fixed binary data occupy.

The declared number of data bits is in the low-order positions, but the extra high-
order bits participate in any operation performed upon the data item. Any arith-
metic overflow into such extra high-order bit positions can be detected only if the
SIZE condition is enabled.

Binary fixed-point constant

A binary fixed-point constant consists of one or more bits with an optional binary
point, followed immediately by the letter B. Binary fixed-point constants have a pre-
cision (p,q), where p is the total number of data bits in the constant, and q is the
number of bits to the right of the binary point. Examples are:

Constant  Precision
1011_08B (5,0)
1111_1B (5,0)
1018 (3,0)
1011.111B  (7,3)

XN (hex) binary fixed-point constant
The XN constant describes a REAL FIXED BINARY(31,0) constant in hexadecimal
notation. The specified value may be 1 to 8 hexadecimal digits. The syntax is:

»—‘—‘hex-digit]—'XN . > <
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Its hexadecimal value is the given value padded on the left with hex zeros if neces-
sary. For exampie:

"100" XN /* same as '00000100'XN with value 256 */
'8000" XN /* same as '00008000'XN with value 32,768  */
"FFFF'XN /* same as 'OOOOFFFF'XN with value 65,535 */
"FEEF_fFE"XN /* is the value -1 */

Decimal fixed-point data
The data attributes for declaring decimal fixed-point variables are DECIMAL and
FIXED. For example:

declare A fixed de<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>