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Preface

This publication is planned for use as a
reference book by the PL/I programmer. It
is not a tutorial publication, but is
designed for the reader who already has a
knowledge of the language and who requires
a source of reference rna teria 1.
The publication is in two parts. Part I
contains discussions of concepts of the
language. Part II contains detailed rules
and syntactic descriptions.
Although implementation information is
included, the book is not a complete
description of any implementation
environment.
In general, it contains
information needed to write a program ·that
will be processed by the os PLiI Optimizing
Compiler or the OS PL/I Cheokout Compiler.
It does not contain all the information
needed to execute programs. For further
information on executing a program refer to
the appropriate programmer's guide (for
batch processing only) or the Time Sharing
I Option or CMS publications (for processing
lin conversational mode).
In order to execute programs processed
by these compilers, subroutine libraries
are required.
The subroutines are provided
by the OS PL/I resident library (optimizing
compiler only) and the OS PL/I tranSient
library (both compilers).
Programs that have been compiled by the
PL/I Optimizing Compiler and which utilize
PL/I multitasking facilities can be
lexecuted only under the MVT or VS2 version
of the operating system.

Use of this Publication
This publication is designed as a reference
book for the PL/! programmer.
Its two-part
format allows a presentation of the
material in such a way that references can
be found quickly, in as much or as little
detail as the user needs.

Part II, "Rules and Syntactic
Descriptions.," provides a quick reference
to specific information.
It includes less
information about interrelationships, but
it is organized so that a particular
question can be answered quickly. Part II
is organized purely from a reference point
of view; it is not intended for sequential
reading.
For example, a programmer would read
chapter 5, "Statement Classification" in
Part I for information about the
interactions of different statements in a
program; but he would look in section J,
"Statements" in Part II, to find all the
rules for the use of a specific statement,
its effect, options allowed" and the format
in which it is written.
In the same manner, he would read
chapter 4, "Expressions and Data
Conversions" in Part I for a discussion of
the concepts of data convers ion" but he
would use section F., "Data Conversion and
Expression Evaluation" in Part II, to
determine the exact results of a particular
type of conversion.
An explanation of the syntax language
used in this publication to describe
elements of PL/I is contained in section A,
"Syntax Notation" in Part II.

Requisite Publications
For information necessary to compile, link
edit, and execute a program" the reader
should be familiar with the appropriate one
of the following publications:
OS PL/I optimizing Compiler:
Programmer's Guide, Order No. SC33-0006
OS PL/I Checkout Compiler:
Guide, Order No. SC33-0007
Os PL/I

Part I, "Concepts of PL/I," is composed
of discussions and examples that explain
the different features of the language and
their interrelationships. To reduce the
need for cross references and to allow each
chapter to stand alone as a complete
reference to its subject, some information
is repeated from one chapter to another.
Part I can, nevertheless, be read
sequentially in its entirety.

Guid~,

Optimizin~Compiler:

OS PL/I

TSO

Use~'s

Order No. SC33-0029

Os PL/I Checkout Compiler:
Guide, Order No. SC33-0Q33
~uide"

Programmer"s

Optimizin~Compiler:

TSO User's
CMS User's

Order No. SC33-0037

OS PL/I Checkout Compiler:
Guide, Order No. SC33-0047

CMS User's
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Availability of Publications

Recommended Publications
The subjects covered in the following
publications include the compiler
facilities, the optimization or checkout
features (whichever are applicable),
methods of implementing the various
language features, and comparisons of the
language implemented by the OS PL/I
Optimizing or Checkout Compilers with that
implemented by the PL/ICF) Compiler.
OS PL/I Optimizing Compiler:
General
Information, Order No. GC33-0001
OS PL/I Checkout Compiler:
General
Information, Order No. GC33-0003
OS PL/I Optimizing Compiler:
Order No. SC33-0025

Execution

The availability of a publication is
indicated by its use key, the first letter
in the order number. The use keys for
publications referred to in this manual
are:
G - General: available to users of
IBM systems, products" and
services without charge" in
quantities to meet their normal
requirements; can also be
purchased by anyone through IBM
branch offices.

~lh£,

OS PL/I Checkout Compiler:
Order No. SC33-0032

Lo~,
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Execution

S - Sell: can be purchased by anyone
through IBM branch offices.
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Chapter 1: Basic Characteristics of PL/I

The modularity of PL/I, the ease with which
subsets can be selected to meet different
needs, becomes apparent when one examines
the diffel~ent features of the language.
Such modularity is one of the most
important characteristics of PL/I.
This chapter contains brief discussions
of most of the basic features to provide an
overall dE~scription of the language. Each
is treated in more detail in subsequent
chapters.

Machine Independence
No languaqe can be completely machine
independent" but PL/I is much less machine
dependent than most commonly used
programming languages. The methods used to
achieve this show in the form of
restrictions in the language. The most
obvious eJffimple is that data with different
characteristics cannot in general share the
same storage; to equate a floating-point
number wi1~ a certain number of alphabetic
characters would be to make assumptions
about the representation of these data
items which would not be true for all
machines.
It is recognized that the price entailed
by machine independence may sometimes be
too high. In the interest of efficiency,
certain features such as the UNSPEC buil tin function and record-oriented data
transmission are machine dependent.

Program. Structure

level but the most elementary. These rules
give the programmer considerable control
over the degree of interaction between
subroutines. They permit flexible
communication and storage allocation, at
the same time allowing the definition of
names and allocation of storage for private
use within a procedure.
By giving the programmer freedom to
determine the degree to which a subroutine
is self-contained, PL/I makes it possible
to write procedures which can freely be
used in other environments, while still
allOWing interaction in procedures where
interaction is desirable.

Data Types and Data Description
The characteristic of PL/I that most
contributes to the range of applications
for which it can be used is the variety of
data types that can be represented and
manipulated. PL/I deals with arithmetic
data, string data (bit and character), and
program control data, such as labels.
Arithmetic data may be represented in a
variety of ways; it can be binary or
decimal, fixed-point or floating-point,
real or complex, and its precision may be
specified.
PL/I provides features to perform
arithmetic operations, comparisons, and
operations and functions for assembling,
scanning, and subdividing strings.
The compiler must be able to determine,
for every name used in a program, the
complete set of attributes associated with
that name. The programmer may specify
these attributes explicitly by means of a
DECLARE statement; the compiler may
determine all or some of the attributes by
context; or a partial or complete set of
attributes may be assumed by default. The
programmer can specify which attributes are
to be applied by default, or he can allow
the compiler to determine them.

A PL/I program consists of one or more
blocks of statements called procedures. A
procedure may be thought of as a
subroutinE~.
Procedures may invoke other
procedures, and these procedures or
subroutines may be ei ther compi led
separately, or nested within the calling
procedure and compiled with it.
Each
procedure may contain declarations that
define names and control allocation of
storage.

Defaul t Assumptions

The rules defining the use of
procedures, communication between
procedures, the meanings of names, and
allocation of storage are fundamental to
the proper understanding of PL/I at any

An important feature of PL/I is its default
philosophy.
If all the attributes
associa ted with a name, or a 11 the options
permitted in a statement, are not specified
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by the programmer, attributes or options
will be assigned by the compiler. This
default action has two main consequences.
First, it reduces the amount of declaration
and other program writing required; second,
it makes it possible to teach and use
subsets of the language for which the
programmer need not know all possible
alternat:ives, or even that alternatives
exist.
The default attributes assumed by the
compiler are the standard default
attribut.es of the PL/I language and the
implementation precision defaults.
However, the programmer can override these
by use of the DEFAULT statement.
The compiler optionally produces an
attribut.e listing which contains the
identifiers used in a PL/I source program
and a complete list of the attributes
specified either by explicit, contextual,
or implicit declarations, or by application
of default rules. The programmer can use
this listing to check that these attributes
are consistent with his intentions.

Storage Allocation
PL/I goes beyond most other languages in
the flexibility of storage allocation that
it provides.
Dynamic storage allocation is
comparatively difficult for an assembler
language programmer to handle for himself;
yet it is automatically provided in PL/I.
rhere are four different storage classes:
AUTOMATIC, STATIC, CONTROLLED, and BASED.
In general, the default storage class in
PL/I is AUTOMATIC. This class of storage
is allocated whenever the block in which
the variables are declared is activated.
~t that time the bounds of arrays and the
lengths of strings are calculated.
~UTOMATIC storage is freed and is available
for re-use whenever control leaves the
block in which the storage is allocated.
Storage may also be declared STATIC, in
which case it is allocated when the program
is loaded; it may be declared CONTROLLED,
in which case it is explicitly controlled
by the programmer with ALLOCArE and FREE
statements, independent of the invocation
of blocks; or it may be declared BASED,
which gives the programmer an even higher
degree of control.
The existence of several storage classes
enables the programmer to determine for
himself the speed, storage space, or
programming economy that he needs for each
application.
The cost of a particular
facility will depend upon the
implementation, but it will usually be true

4
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that the more dynamic the method of storage
allocation, the greater the execution time.

Expressions
Calculati~ns in PL/I are specified by
expressions. An expression has a meaning
in PL/I that is similar to that of
elementary algebra. For example:

A + B

*

C

This specifies multiplication of the value
of B by the value of C and adding the value
of A to the result.
PL/I places few
restrictions on the kinds of data that can
be used in an expression.
For examfle, it
is conceivable, though unlikely, that A
could be a floating-point nurrber, B a
fixed-point number, and C a character
string.
When such mixed expressions are
specified, the operands will be converted
so that the operation can be evaluated
meaningfully.
Note, however, that the
rules for conversion must be considered
carefully; converted data may not have the
same value as the original. And, of
course, any conversion increases execution
time.
The results of the evaluation of
expressions are assigned to variables by
means of the assignment statement. An
example of an assignment statement is:

x

= A + B

*

C;

This means: evaluate the expression on the
right and store the result in X.
If the
attributes of X differ from the attributes
of the result of the expression, conversion
will again be performed.

Data Collections
PL/I offers the programmer many ways of
describing and operating on collections of
data, or data aggregates.. Arrays are
collections of data elements, all of the
same type, collected into lists or tables
of one or more dimensions. Structures are
hierarchical collections of data, not
necessarily all of the same type. Each
level of the hierarchy may contain other
structures of deeper levels. An item that
does not contain another structure must
represent an elementary data item or array.
An element of an array may be a
structure; similarly, any level of a

structure may be an array. Operations can
be specified for arrays, structures, or
parts of a.rrays or structures.
For
example:

A

=

Teleprocessing facilities are provided
by PL/I as part of the basic recordoriented transmission facilities.
Stream-oriented input and output usually
sacrifices efficiency for ease of handling.
Each data item is transmitted separately
and is examined to determine if data
conversion is required.
Record-oriented
input and output, on the other hand,
provides faster transmission, but generally
requires a greater programming effort.

B + C:

In this assignment statement, A, B, and C
could be arrays or structures.

Input and Output
Facilities for input and output allow the
user to choose between factors such as
simplicity, machine independence, and
efficiency. There are two broad classes of
input/output in PL/I: stream-oriented and
record-oriented.
Stream·-oriented input/output is almost
completely machine independent.
On input,
data items are selected one by one from
what is assumed to be a continuous stream
of characters that are converted to
internal form and assigned to variables
specified in a list.
Similarly, on output,
data items are converted one by one to
external character form and are added to a
conceptually continuous stream of
characters.
Within the class of stream
input/output, the programmer can choose
different levels of control over the way
data items are edited and selected from or
added to the stream.
For printing" the output stream may be
considered to be divided into lines and
pages.
An output stream file may be
declared to be a print file with a
specified line size and page size. The
programme.r has facili ties to detect the end
of a page and to specify the beginning of a
line or a page. These facilities may be
used in subroutines that can be developed
into a report generating system suitable
for a particular installation or
applica tion.
In a system employing the Conversational

I Monitor System or the Time Shar ing option,
data may be fed into, and output may be
obtained from, a PL/I program using a
terminal remote from the machine.

Record-oriented input/output is machine
dependent.
It deals with collections of
data, called records, and transmits these
one record at a time without any data
conversion: the external representation is
generally an exact copy of the internal
representation. Because the aggregate is
treated as a whole, and because no
conversion is performed, this form of
input/output is more efficient than streamoriented input/output.

Input and output operations for data
banks involving a number of interrelated
data sets is simplified by the use of file
variables. All input/output statements can
use file variables with file values
established and modified during execution
of the program.

Multitasking
The operating system has facilities for
multiprogramming, that is, it allows a
number of programs to be active
concurrently.
In the same way, PL/I has
facilities to allow a number of procedures
within a PL/I program to be active
c oncurren tl y •
Any PL/I procedure may invoke another,
in other words initiate the execution of
another procedure.
The prograrrmer may
specify that the procedures are to be
tasks, which means that they may both be
active concurrently. The invoked procedure
is known as a subtask of the other, and is
said to have been attached by it.
The advantage of multitasking is that
CPU operations may be carried out in one
task while an input/output operation (or
other CPU operations, in the case of
multiprocessing machines) is carried out
concurrently in another. As soon as the
CPU or the input/output operations in one
task are completed, a search is made
amongst all the active tasks for another
one that requires the same resource. If
more than one such task is found, the
resource is assigned to the one having
highest priority. The PL/I programmer may
allow the system to allocate relative
priorities or he may assign priorities to
his tasks when they are attached.
A number of tasks may be dependent on
each other at various points during their
execution.
For example, one task may
require results obtained in another before
it can be completed. In PL/ I., the
programmer may synchronize tasks at various
points in their execution. An operation in
one task may be made to await the
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completi.on of an operation in another task.
The optimizing and checkout compilers
differ in their implementations of
multitasking.
Each task in a PL/I program
compiled by the optimizing compiler forms a
system task to be scheduled by the
operating system. The checkout compiler
consti tutes a single task, and the compi ler
itself schedules the tasks created within a
PL/I program.

Facilities of the Two Compilers
rhe optimizing and checkout compilers are
complementary program products.
The main
function of the optimizing compiler is to
generate highly efficient object code,
while that of the checkout compiler is to
minlmlze the time a programmer needs to
spend in debugging.
Both compilers may be used for batch
processiQg, that is, processing in which a
program must be compiled, and possibly
executed, in full before the programmer
obtains any result.
The checkout compiler
has the facility for conversational
processing.
In this mode, the program's
execution is monitored from a keyboard
terminal and temporary amendments may be
made during execution as a result of
informat.ion so obtained; new PL/I code may
be temporarily included in the program, for
instance. The best use is made of PL/I
facilities when both compilers are
employed. The program is compiled by the
checkout compiler during the debugging
stages, to allow the programmer to use his
time most efficiently; the debugged program
is then compiled by the optimizing
compiler, to obtain object code that makes
the most efficient use of the machine.
The language implemented by the two
compilers is, in general, the same. There
are a few exceptions concerned with the
different primary fUnction of each
compiler.
Certain optimizing features are
not implemented by the checkout compiler
and certain program checkout features are
not implemented by the optimizing compiler.
For instance, a number of statements
instruct the checkout compi ler to provide
the programmer with information about the
flow of control through his program during
execution. Since the optimizing compiler
does not have these facilities, it merely
checks the statements' syntax and otherwise
ignores them.
similarly, there are
statement options concerned with generating
the most efficient object code possible
that are used by the optimizing compiler
but which are syntax-checked and then
ignored by the checkout compiler.
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Compile-time Operations
PL/I permits a compile-time level of
operation, in which preprocessor statements
specify operations upon the text of the
source program itself. The simplest, and
perhaps the corr-rnonest preprocessor
statement is %INCLUDE (in general,
preprocessor statements are preceded by a
percent symbol). This statement causes
text to be inserted into the program,
replacing the %INCLUDE statement itself. A
typical use could be to copy declarations
from an installation's standard set of
definitions into the program.
Another function provided by compiletime facilities is the selective
compilation of program text. For example,
it might specify the inclusion or deletion
of debugging statements.
since a simple but powerful part of the
PL/I language is available for compile-time
activity, the generation, or replacement
and deletion, of text can become more
elaborate, and more subtle transformations
can be performed.
Such transformations
might then be considered to be
installation-defined extensions to the
language.

Execution-time Facilities
PL/I includes statements and options that
provide powerful facilities for debugging.
Other features allow program amendment
during execution; these require the use of
I the Conversational Moni tor System or the
Time Sharing Option of the operating
system, and of the checkout compiler. They
allow the programmer to learn quickly about
the behaviour of his program while it is
being executed and also, in the appropriate
processing environment, to correct it.
IAlso, under the Conversational Monitor
Isystem or the Time Sharing Option, stream
I/O can be performed from and to a
terminal, on programs compiled by either
the checkout or the optimizing compiler.
The debugging facilities cause
information to be written on the SYSPRINT
file (and, if desired, at the terminal when
the terminal is not defined as the SYSPRINT
file) throughout execution or at designated
pOints during execution. The programmer
can, throughout execution, cause
information to be written every time a
reference to a selected variable occurs in
a pre-defined situation or when a transfer
of control takes place.
Similarly, at
designated points in the program being
executed, the information to be written can

the action to be taken when an interrupt
does occur.
In conversational processing,
the programmer can deal with any error
condition immediately it occurs.

include the values of selected variables,
the names of the procedures currently
active, or the numbers of the statements
involved in the latest transfers of
control.
The time at which this output is
available depends on the processing mode.
In batch processing, information written on
the SYSPRINT file is only available when
the SYSPRINT file is printed, which is
normally after execution has terminated.
In conversational processing, information
written on the SYSPRINT file can be
immediately printed at the terminal;
therefore the output provided by the
debugging facilities can be made available
immediately it is produced.
Program amendment during execution is
possible only with conversational
processing under the checkout compiler.
rhe programmer can enter instructions at
the terminal that cause program execution
to be suspended and control passed to the
terminal. He can then enter statements
that are executed during the current
suspension of execution or during a further
suspension; this future suspension will be
at a point specified by the programmer.
These statements can, for instance,
initiate the debugging facilities described
above, change the value of a variable or
insert extra statements in the program.
Changes made to the existing program can be
temporary, or they can be incorporated
automatically into the current source
program. The current source program can be
saved on an external data set and can be
retranslated at any time without leaving
the checkout compiler environment.

Interrupt Acti vi ties
Modern computing systems provide facilities
for interrupting the execution of a program
whenever an exceptional condition arises.
Further, they allow the program to deal
with the exceptional condition and to
return to the point at which the interrupt
occurred.
PL/I provides facilities for detecting a
variety of exceptional conditions. It
allows the programmer to specify, by means
of a condition prefix, that an interrupt
will occur if the condi tion should arise.
By use of an ON statement, he can speci fy

Operating System Facilities
A number of facilities provided by the
operating system can be called upon by the
PL/I programmer. The most prominent ones,
namely interlanguage communication,
sort/merge, and checkpoint/restart are
outlined below.
All relevant facilities
are described in the appropriate
programmer's guide.
It is possible for a PL/I program to
communicate with COBOL and FORTRAN routines
at execution time, provided that the latter
were compiled by a compiler developed by
IBM for os. A PL/I procedure may invoke a
COBOL, FORTRAN, or assembler routine, and
may be invoked by a COBOL or FORTRAN
program or routine. In addition, a PL/I
program may be used to create or access a
COBOL or FORTRAN data set. All these
facilities are provided by the
implementation of the PL/I language.
Further communication is possible between
PL/I and other languages if an assembler
language interface is provided.
Such
interfaces are fully described in the
appropriate programmer's guide.
Provided the operating system has been
generated with the appropriate sort/merge
program, the sort/merge facilities may be
utilized by the PL/I programmer. They may
be used on records on PL/I-created data
sets, on data passed by a PL/I program, and
on data being passed to a PL/I program.
When a PL/I batch processing program
compiled by the optimizing comp~ler is to
run for an extended period, the operating
system checkpoint/restart facility can be
employed to minimize the losses caused by a
machine or system failure.
The programmer
selects checkpoints in his program at which
processing is to be recommenced follOWing a
failure.
only the processing carried out
between the checkpoint and the failure may
be lost. Results obtained up to the
checkpoint are preserved on auxiliary
storage, together with data (including a
copy of the program and its associated
storage) necessary for continuation of the
run.
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Chapter 2: Progr am Elements

There are few restrictions in the format of
PL/I statements. consequently" programs
can be written without consideration of
special coding forms or checking to see
that each statement begins in a specific
column. As long as each statement is
terminated by a semicolon, the format is
completely free. Each statement may begin
in the next column or position after the
previous statement, or any number of blanks
may intervene.

Character Sets
One of two character sets may be used to
write a source program; either a 60character set or a 48-character set.
For a
given external procedure, the choice
between the two sets is optional.
In
practice, this choice will depend upon the
available equipment.

Character
Blank
Equal sign or assignment symbol
plus sign
Minus sign
Asterisk or multiply symbol
Slash or divide symbol
Left parenthesis
Right parenthesis
Comma
Point or period
Single quotation mark
or apostrophe
Percent symbol
Semicolon
Colon
" Not" symbo I
"And" symbol
"Or" symbol
"Greater than" symbol
"Less than" symbol
Break character
Question mark

+

*
/
(
)

%

&

I

>
<
?

Special characters are combined to
create other symbols.
For example, <=
means "less than or equal to", .... = means
"not equal to". The combination ** denotes
exponentiation (X**2 means X2). Blanks are
not permitted in such composite symbols.
The break character is the same as the
typewriter underline character.
It can be
used in a name, such as GROSS PAY, to
improve readability.
-

60-CHARACTER SET
rhe 60-character set is composed of
alphabetic characters, digits, and special
characters.
There are 29 alphabetic characters
beginning with the currency symbol ($), the
number sign (#), and the commercial "at"
sign (ro), which precede the 26 letters of
the English alphabet in the IBM System/360
collating sequence Extended Binary Coded
Decimal Interchange Code (EBCDIC). For use
with languages other than English, other
characters may be substituted for $, #, and
roe

There are ten digits. The decimal
digits are the digits 0 through 9. A
binary digit is either a 0 or a 1.
An alphameric character is either an
alphabetic character or a digit.
There are 21 special characters.
are as follows:

They

48-CHARACTER SET
The 48-character set is composed of 48
characters of the 60-character set. In all
but four cases, the characters of the
reduced set can be combined to represent
the missing characters from the larger set.
For example, the percent symbol (%) is not
included in the 48-character set, but a
double slash (//) can be used to represent
it. The four characters that are not
duplicated are the commercial "at" sign,
the number sign, the break character, and
the question mark.
The restrictions and changes for this
character set are described in section B,
"Character Sets with EBCDIC and Card-Punch
Codes".
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USING THE CHARACTER SET
All the elements that make up a PL/I
program are constructed from the PL/I
character sets. There are two exceptions:
character-string constants and comments may
contain any of the 256 characters
represented by an 8-bit code.
Certain characters perform specific
functions in a PL/I program. For example,
many characters fUnction as operators.
There are four types of operators:
arithmetic, comparison, bit-string, and
str ing.
The arithmetic operators are:
+

*/
**

denoting
denoting
minus
denoting
denoting
denoting

addi tion or prefix plus
subtraction or prefix
multiplication
division
exponentiation

The comEarison operators are:

>
-.>
>=
-.=
<=
<
-.<

denoting "greater than"
denoting "not greater than"
denoting "greater than or
equal to"
denoting" equal to"
denoting "not equal to"
denoting "less than or equal to"
denoting "less than"
denoting "not I ess than"

The bit-string operators are:
&

I

denoting "not"
denoting " and"
denoting "or"

The string operator is:

II

denoting concatenation

Figure 2.1 shows some of the functions
of other special characters.

break characters, not contained in a
comment or constant, and preceded and
followed by a blank or some other
delimiter: the initial character of the
string must be alphabetic. The length must
not exceed 31 characters.
Language keywords also are identifiers,
Ipossibly preceded by a percent symbol (%).
A keyword is an identifier that, when used
in the proper context, has a specific
meaning to the compi ler. A keyword can
specify such things as the action to be
taken, the nature of data, the purpose of a
name.
For example, READ, DECIMAL, and
ENDFILE are keywords.
Some keywords can be
abbreviated. A complete list of keywords
and their abbreviations is contained in
section C, "Keywords and Keyword
Abbreviations".
Note: PL/I keywords are not reserved
words. They are recognized as keywords by
the compiler only when they appear in their
proper context.
In other contexts they may
be used as programmer-defined identifiers.
Examples of identifiers that could be
used for names or labels:
A

FILE2
LOOP_3
RATE_OF_PAY
#32
Some identifiers, as discussed in later
chapters, cannot exceed seven characters in
length and must not contain the break
character. This limitation is placed upon
certain names, called external names, that
may be referred to by the operating system
or by more than one separately compiled
procedure.
If an external name of a PL/I
procedure contains more than seven
characters, it is truncated by the
compiler, which concatenates the first four
characters with the last three characters.
The entry name of a COBOL or FORTAN routine
may have up to eight characters. If more
than eight characters are specified, the
leftmost eight are 'taken.

Identifiers
In a PL/I program, names or labels are
given to data, files, statements, and entry
points of different program areas.
In
creating a name or label, a programmer must
observe the syntax rules for creating an
identifier.
An identifier is a single alphabetic
character or a string of alphameric and
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Blanks
Blanks may be used :f reely throughout a PL/I
program. They may surround operators and
most other delimiters.
In general, any
number of blanks may appear wherever one
blank is allowed, such as between words in
a statement.

r--------·------------------------------------------------------------------------------.,
Name
Character
Use
comma

Separates elements of a l\st; precedes
BY NAME option. ["'';~\'' IL.J

period

Indicates decimal point or binary point;
connects elements of a qualified name

semicolon

Terminates statements

as s ig nmE!nt
symbol

Indicates assignment of values 1

colon

Connects prefixes to statements; can be
used in specification for bounds of an
array; can be used in RANGE specification
of DEFAULT statement

blank

Separates elements of a statement

single quotation
mark

Encloses string constants and picture
specification

parentheses

(

arrow

->

Denotes locator qualification

percen t symbol

%

Indicates statements to be executed by the
compile-time preprocessor or listing
control statements

)

Enclose lists; specify information
associated with various keywords; in
conjunction with operators and operands,
delimit portions of a computational
expression

=

l1Note
- - - _____
· ____________________________________________
- - - ________________________________
J
that
the character
can be used as an equal sign
and as an assignment symbol.

Figure 2.1.

Some functions of special characters

One or more blanks must be used to
separate identifiers and constants that are
not separated by some other delimiter or by
a comment.
However, identifiers, constants
(except character-string constants) and
compositE! operators (for example, -,=)
cannot contain blanks.

other cases that require or permit
blanks al:'e noted in the text where the
feature of the language is discussed. Some
examples of the use of blanks are:

Comments
Comments are permitted wherever blanks are
allowed in a program, except within data
items., such as a character string. A
comment is treated as a blank and can
therefore be used in place of a required
separating blank. Comments do not
otherwise affect execution of a program;
they are used only for documentation
purposes. Comments may be coded on the
same line as statements, either inserted
between sta tements or in the middle of
them.
The general format of a comment is:
/*

character-string

*/

AB+BC is equivalent to AB + BC
TABLE(10) is equivalent to TABLE (10)
FIRST,SECOND is equivalent to FIRST, SECOND
ATOB is

~ot

equivalent to A TO B

The character pair /* indicates the
beginning of a comment. The same character
pair reversed, */, indicates its end. No
blanks or other characters can separate the
two characters of either composite pair:
the slash and the asterisk must be
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immedia-tely adjacent. Thecortunent itself
may con"tain any characters except the */
combination, which would be interpreted as
termina"ting the comment. The initial /*
must never be in columns 1 and 2 of a line.

IF A>B THEN A=B+C;
EISE GO TO LOOP_3:

Example:
/*

this semicolon. The IF statement can
contain two statements which may be simpl e
or compound as shown in the following
example:

THIS WHOLE SENTENCE COULD BE
INSERTED AS A COMMENT */

Any characters permitted for a
particular machine configuration may be
used in comments.

The following is an example of the ON
statement:
ON OVERFLOW GO TO OVFIX:

Statement Prefixes

Basic Program Structure
A. PI./I program is constructed from basic

program elements
are two types of
compound.
These
program elements

called statements. There
statements: simple and
statements make up larger
called groups and blocks.

SIMPLE AND COMPOUND STATEMENTS
There are three types of simple statements:
keyword, assignment, and null, each of
which contains a statement body that is
terminated by a semicolon.
A keyword statement has a keyword to
indicate the function of the statement; the
statement body is the remainder of the
statement.
The assignment statement contains the
assignment symbol (=) and does not have a
keyword.
The null statement consists only of a
semicolon and indicates no operation: the
semicolon is the statement body.
Examples of simple statements are:
GO TO LOOP_3;

A = B + C;

(keyword statement)
GO TO is a keyword; the
blank between GO and TO
is optional.
The
statement body is
LOOP_3;
(assignment statement)

A compound statement is a statement that
contains one or more other statements as a
part of its statement body.
There are two
compound statements:
the IF statement and
the ON statement. The final statement of a
compound statement is a simple statement
that is terminated by a semicolon. Hence,
the compound statement is terminated by
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Both simple and compound statements may
have one or more prefixes. There are two
types of prefixesi the label prefix and the
condition prefix.
A label prefix identifies a statement so
that it can be referred to at some other
point in the program. A label prefix is an
identifier that precedes the statement and
is connected to the statement by a colon.
Any statement may have one or more labels.
If more than one are specified, they may be
used interchangeably to refer to that
statement.
A condition prefix specifies whether the
named conditions are to be enabled.
Condi tion names are language keywords, each
of Which represents an exceptional
condition that might arise during execution
of a program. Examples are OVERFLOW and
SIZE. The OVERFLOW condition arises when
the exponent of a floating-point number.
exceeds the maximum allowed (representing a
maximum value of about 1075 ) . The SIZE
condition arises when a value is assigned
to a variable with loss of high-order
digits or bits.
When the programmer does not expect the
condition to arise, he may disable it by
precedi ng the c ondi -ti on name in a prefix by
the word NO.
If NO is used, there can be
no intervening blank between the NO and the
condition name.
A condition prefix consists of a list of
one or more condition names, separated by
commas and enclosed in parentheses. One or
more condition prefixes may be attached to
a statement, and each parenthesized list
must be followed by a colon.
Condition
prefixes precede the entire statement,
including any possible label prefixes for
the statement.
For example:
(SIZE,NOOVERFLOW): COMPUTE: A=B*C**Di
The single condition prefix indicates that
an interrupt is to occur if the SIZE

condition arises during execution of the
assignment statement, but that no interrupt
is to occur if the OVERFLOW condition
arises. Note that the condition prefix
precedes "the label prefix COMPUTE.

by a DO statement and terminated by a
corresponding END statement.
It is used
for control purposes. A group also may be
called a do-group.

Since intervening blanks between a
prefix and its associated statement are
ignored, it is often convenient, when using
card input, to punch the condition prefix
into a separate card that precedes the card
into which the statement is punched. Thus,
after debugging, the prefix can be easily
removed. For example:

A block is a sequence of statements that
defines-in area of a program. It is used
to delimit the scope of a name and for
control purposes. A program consists of
one or more blocks. Every statement must
appear within a block. There are two kinds
of blocks: begin blocks and procedure
blocks. A begin block is delimited by a
BEGIN statement and an END statement. A
procedure block is delimited by a PROCEDURE
statement and an END statement. Every
begin block must be contained within some
procedure block.

(NOCONVERSION) :
(SIZ:E,NOOVERFLOW):
COMPUTE:
A*B*C**D;
Note that there are two condition prefixes.
rhe first specifies that no interrupt is to
occur if an invalid character is
encountered during an attempted data
conversion.
Condition prefixes are discussed in
chapter 14, "Exceptional Condition Handling
and Program Checkout".

GROUPS AND BLOCKS
A grou£ i:3 a sequence of statements headed

Execution passes sequentially into and
out of a begin block. However, a procedure
block, except the first, must be invoked by
execution of a statement in another block.
The first procedure in a program to be
executed is invoked automatically by the
operating system. This first procedure
must be identified by specifying
OPTIONS (MAIN) in the PROCEDURE statement.
A procedure block may be invoked as a
task, in which case it is executed
concurrently with the invoking procedure.
Tasks are discussed in chapter 17,
" Mul ti ta sking" •
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Chapter 3: Data Elements

Data is generally defined as a
representation of information or of value.
In PL/I, reference to a data item,
arithmetic or string, is made by using
either a variable or a constant (the terms
are not exactly the same as in general
mathematical usage).
A variable is a symbolic name having a
value that may change during execution of a
program.
A constant (which can be a symbolic
name) has~alue that cannot change.
The following statement contains both
variables and constants:
AREA = RADIUS**2*3.1416;
AREA and HADIUS are variables; the numbers
2 and 3.11~16 are constants. The value of
RADIUS is a data item, and the result of
the computation will be a data item that
will be assigned as the value of AREA. The
number 3. 1416 in the statement is i tsel f
the data item.
If the number 3.1416 is to be used in
more than one place in the program, it may
be convenient to represent it as a variable
to which the value 3.1416 has been
assigned. Thus, the above statement could
be written as:
PI = 3.1416;
AREA
RADIUS**2*PI;
In the last statement, only the number 2 is
a constant.
A constant does more than state a value;
it demonstrates various characteristics of
the data item.
For example, 3.1416 shows
that the data type is arithmetic and that
the data item is a decimal number of five
digits and that four of these digits are to
the right of the decimal point.
A constant represented by a symbolic
name has a value which is determined by the
compiler, and which the programmer does not
need to know. , Such constants are normally
associated with the control of the program;
they repre?ent addresses in main storage
I rather thar\ computational values. For
I instance the identifier "LOOP" in the
I following example is.a symbolic name which
I represents a constant, namely the address
lof the machine code generated by the
I statement A=2*B as follows:

LOOP:

GET LIST (B) ;
A=2*B;
C=B+6;

The characteristics of a variable or a
symbolic constant are not imrrediately
apparent in the name. Since these
characteristics, called attributes, must be
known, certain keywords and expressions may
be used to specify the attributes in a
DECLARE statement. The attributes used to
describe each data type are discussed
briefly in this chapter. A complete
discussion of each attribute appears in
section I, "Attributes".
In preparing a PL/I program, the
programmer must be familiar with the types
of data that are permitted, the ways in
which data can be organized, and the
methods by which data can be referred to.
The following paragraphs discuss these
features.

Data Types
The types of data that may be used in a
PL/I program fall into two categories:
problem data and program control data.
Problem data is used to represent values to
be processed by a program.
It consists of
two data types, arithmetic and string .•
RE2gram control data is used by the
programmer to control the execution of his
program. Program control data consists of
the following seven types:
label, event.,
file, entry, locator, task, and area.

Problem Data
The types of problem data are arithmetic
and string.

ARITHMETIC DATA
An item of arithmetic data is one with a
numeric value.
Arithmetic data items have
the characteristics of base, scale,
precision, and mode. The characteristics
of data items represented by an arithmetic
variable are specified by attributes
declared for the name, or assumed by
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default.

chapter.

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

Complex arithmetic variables must be
explicitly declared with the COMPLEX
attribute. Real arithmetic variables may
be explicitly declared to have the REAL
attribute, but it is not generally
necessary to do so, since an arithmetic
variable is generally assumed to be real
unless it is explicitly declared complex.

The scale of an arithmetic data item is
either fixed-point or floating-point.
A
fixed-point data item is a number in which
the position of the decimal or binary point
is specified, either by its appearance in a
constant or by a scale factor declared for
a variable. A floating-point data item is
a number followed by an optionally signed
exponent. The exponent specifies the
assumed position of the decimal or binary
point, relative to the position in which it
appears.
The precision of an arithmetic data item
is the number of digits the data item may
contain, in the case of fixed-point, or the
minimum number of significant digits
(excluding the exponent) to be maintained,
in the case of floating-point.
For fixedpoint data items, precision can also
srecify the assumed position of the decimal
or binary point, relative to the rightmost
digit of the number.
Whenever a data item is assigned to a
fixed-point variable, the declared
precision is maintained. The assigned item
is aligned on the decimal or binary pOint.
Leading zeros are inserted if the assigned
item contains fewer integer digits than
declared; trailing zeros are inserted if it
contains fewer fractional digits. A SIZE
error may occur if the assigned item
contains too many integer digits;
truncation on the right may occur, without
rounding, if it contains too many
fractional digits.
The mode of an arithmetic data item is
either real or complex. A real data item
is a number that expresses a real value. A
complex data item is a pair of numbers:
the first is real and the second is
imaginary. For a variable representing
complex data items, the base, scale, and
precision of the two parts must be
identical.
Base, scale" and mode of arithmetic
variables are specified by keywords;
precision is specified by parenthesized
decimal integer constants.
The precision
of arithmetic variables and constants is
discussed in greater detail below.
In the following sections, the real
arithmetic data types discussed are decimal
fixed-pOint, binary fixed-paint, decimal
floating-point, and binary floating-point.
Any of these can be used as the real part
of a complex data item.
The imaginary part
of a complex number is discussed in the
section "Complex Arithmetic Data," in this
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Decimal Fixed-Point_Data
A decimal fixed-point constant consists of
one or more decimal digits with an optional
decimal point. If no decimal point
appears, the point is assumed to be
immediately to the right of the rightmost
digit. A sign may optionally precede a
decimal fixed-point constant.
Examples of decimal fixed-point
constants as written in a program are:
3.1416
455.3
732
003
-5280
.0012
For expression evaluation, decimal
fixed-point constants have an apparent
precision (p,q), where p is the total
number of digits in the constant and q is
the number of digits specified to the right
of the decimal point. For example:
3.14 has the precision (3,2)
I
A scaling factor may be appended to the
Iright of the constant.
For example, 3.14F3
land 3.14F-2 have values 3140 and .0314, and
Iprecisions (3,-1) and 3.,4), respectively.
IThis form of constant is used when
I precisions in which q<O or p<q are
I required.
The keyword attributes for declaring
decimal fixed-point variables are DECIMAL
and FIXED. Precision is stated by two
decimal integers, separated by a comma and
enclosed in parentheses. The first, which
must be unsigned, specifies the total
number of digits; the second, the scale
factor, may be signed and specifies the
number of digits to the right of the
decimal point.
If the variable is to
represent integers, the scale factor and
its preceding comma can be omitted. The

attributes may appear in any.order, but. the
precision specification must follow either
DECIMAL o:c FIXED (or REAL or COMPLEX).
Following are examples of declarations of
decimal fixed-point variables:
DECLARE A FIXED DECIMAL (5,4):
DECLARE B FIXED (6,0) DECIMAL:

Binary Fixed-Point Data
A binary fixed-point constant consists of
one or more binary digits with an optional
binary point, followed immediately by the
letter B, with no intervening blank. A
sign may optionally precede the constant.
Examples of binary fixed-point constants
as written in a program are:

DECLARE C FIXED (7,-2) DECIMAL:
10110B
DECLi!\RE D DECIMAL FIXED REAL C3, 2) :
1111lB
The first DECLARE statement specifies
that the identifier A is to represent
decimal fixed-point items of not more than
five digi 1ts, four of which are to be
treated as fract'ional, that is, to the
right of the assumed decimal point. Any
item assiqned to A will be converted to
decimal fixed-point and aligned on the
decimal point.
The second DECLARE statement specifies
that B is to represent integers of no more
than 6 diqits.
Note that the comma and the
zero are unnecess ary: i t could have been
specified B FIXED DECIMAL(6).
The third DECLARE statement specifies a
negative scale factor of -2: this means
that the assumed decimal point is two
places to the right of the rightmost digit
of the item.
The fourth DECLARE statement specifies
that D is to represent fixed-point items of
no more than three digits, two of which are
fractional.
The maldmum number of decimal digits
allowed is 15. Default precision, assumed
when no specification is made, is (5,0).
rhe internal coded arithmetic form of
decimal fixed-point data is packed decimal.
Packed decimal is stored two digits to the
byte, with a sign indication in the
rightmost four bits of the rightmost byte.
consequent,ly, a decimal fixed-point data
item is always stored as an odd number of
digits, eVen though the declaration of the
variable may specify the number of digits
(p) as an even number.
When the declaration specifies an even
number of digits, the extra digit place is
in the high-order position, and it
participa1:es in any operations performed
upon the data item, such as in a comparison
operation. Any arithmetic overflow or
assignmen1: into an extra high-order digit
place can be detected only if the SIZE
condition is enabled.

101B
-111.01B
1011. I11B
For expression evaluation, binary fixedpoint constants have an apparent precision
(p,q), where p is the total number of
binary digits in the constant. and q is the
number of binary digits specified to the
right of the binary point. For example:
OOOOOOlB

has the precision (7,0)

The keyword attributes for declaring
binary fixed-point variables are BINARY and
FIXED. Precision is specified by two
decimal integer constants, enclosed in
parentheses, to represent the maximum
number of binary digits and the numcer of
digits to the right of the binary point,
respectively.
If the variable is to
represent integers, the second digit and
the comma can be omitted. The attributes
can appear in any order, but the prec1s10n
specification must follow either BINARY or
FIXED (or REAL or COMPLEX).
Following is an example of declaration
of a binary fixed-point variable:
DECLARE FACTOR BINARY FIXED (20,2):
FACTOR is declared to be a variable that
can represent arithmetic data items as
large as 20 binary digits, two of which are
fractional. The decimal equivalent of that
value range is from -262,144.00 through
+262,143.75.
The maximum number of binary digits
allowed is 31. Default precision is
(15,0). The internal coded arithmetic form
of binary fixed-point data can be either a
fixed-point binary halfword or fullword.
A
halfword is 15 bits plus a sign bit, and a
fullword is 31 bits plus a sign bit. Any
binary fixed-point data item with a
precision of (15,0) or less is stored as a
halfword, and with a precision greater than
(15,0), up to the maximum precision, is
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order~

stored as a fullword.
The declared number
of digits are considered to be in the loworder positions, but the extra high-order
digits participate in any operations
performed upon the data item. Any
arithmetic overflow into such extra highorder digit positions can be detected only
if the SIZE condition is enabled.

but the precision specification must
follow either DECIMAL or FLOAT (or REAL or
COMPLEX) •
Following is an example of the
declaration of a decimal floating-point
variable:

When the standard default rules are in
force, an identifier for which no
declaration is made is assumed to be a
binary fixed-point variable, with default
precision, if its first letter is any of
the letters I through N.

This statement specifies that LIGHT_YEARS
is to represent decimal floating-point data
items with an accuracy of at least five
significant digits.

Decimal Floating-Point Data
A decimal floating-point constant is
written as a field of decimal digits
followed by the letter E, followed by an
optionally signed decimal integer exponent.
The first field of digits may contain a
decimal point. The entire constant may be
preceded by a plus or minus sign. Examples
of decimal floating-point constants as
written in a program are:
15E-23
15E23

DECLARE LIGHT_YEARS DECIMAL FLOAT(S);

The maximum precision allowed for
decimal floating-point data items is (33);
the default precision is (6). The exponent
cannot exceed two digits. A value range of
approximately 10- 78 to 10 75 can be
expressed by a decimal floating-point data
item. The internal coded arithmetic form
of decimal floating-point data is
normaliz ed hexadecimal floating-point" with
the point assumed to the left of the first
hexadecimal digit. If the declared
precision is less than or equal to (6),
short floating-point form is used; if the
declared precision is greater than (6) and
less than or equal to (16), long floatingpoint form is used; if the declared
precision is greater than (16);, extended
floating-point form is used.
An identifier for which no declaration
is made is assumed to be a decimal
floating-point variable if its first letter
is any of the letters A through H, 0
through Z, or one of the alphabetic
extenders, $, #,' Q), when the standard
default rules are applied.

4E-3
-48333E65
438EO
3141593E-6
.003141593E3
The last two examples represent the same
value.
For expression evaluation, decimal
floating-point constants ha ve an apparent
precision (p) where p is the number of
digits of the constant to the left of the E
(the mantissa).
For example:
0.012E5

has the precision (4)

The keyword attributes for declaring
decimal floating-point variables are
DECIMAl. and FLOAT. Precision is stated by
a decimal integer constant enclosed in
parentheses.
It specifies the minimum
number of significant digits to be
maintained.
If an item assigned to a
variable has a field width larger than the
declared precision of the variable,
truncation may occur on the right. The
least significant digit is the first that
is lost. Attributes may appear in any
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Binary Floating-Point Data
A binary floating-point constant consists
of a field of binary digits followed by the
letter E, followed by an optionally signed
decimal integer exponent followed by the
letter B. The exponent is a decimal
integer and specifies a power of two. The
field of binary digits may contain a binary
point. The entire constant may be preceded
by a plus or minus sign.
Examples of
binary floating-point constants as written
in a program are:
101101ESB
101.101E2B
11101E-28B
-10.01E99B
For expression evaluation, binary
floating-point constants have an apparent

prec1s10n (p) where p is the number of
binary digits to the left of the E (the
mantissa). For example:

Each of these is considered to have a real
part of zero.
A complex value with a nonzero real part is represented in the
following form:

0.0101E33B has the precision (5)
The keyword attributes for declaring
binary floating-point variables are BINARY
and FLOAT. Precision is expressed as a
decimal integer constant, enclosed in
parentheses, to specify the minimum number
of significanb~_<!igi t§.to be maintained.
The attributes can appear in any order, but
the precision specification must follow
either BINARY or FLOAT (or REAL or
COMPLEX).
Following is an example of
declaration of a binary floating-point
variable:
DECLARE S BINARY FLOAT (16);
rhis specifies that the identifier S is to
represent binary floating-point data items
with 16 digits in the binary field.
The maximum precision allowed for binary
floating-point data items is (109); the
default precision is (21). rhe exponent
cannot exceed three decimal digits. A
value range of approximately 2_ 260 to 2 252
can be expressed by a binary floating-point
data item.
The internal coded arithmetic
form of binary floating-point data is
, normalized hexadecimal floating-point. If
the declared precision is less than or
equal to (21) " short floating-point form is
used; if the declared precision is greater
than (21) and less than or equal to (53),
long floating-point form is used; if the
declared precision is greater than (53),
extended floating-point form is used.

Complex Arithmetic Data
In the complex mode, an arithmetic data
item is considered to consist of two parts,
the first a real part and the second a
signed imaginary part. There are no
complex constants in PL/I. A complex value
is obtained by a real constant and an
imaginary constant.
An imaginary constant is written as a
real constant of any type immediately
followed by the letter I.
Examples of imaginary constants as
written in a program are:
271
3. 968EI01
11011. 01BI

[+1-] real constant {+I-}
imaginary-constant

Thus a complex value could be written as
38 +27I.
The keyword attribute for declaring a
complex variable is COMPLEX. A complex
variable can have any of the attributes
valid for the different types of real
arithmetic data. Each of the base, scale,
and precision attributes applies to .both
fields.
Unless a variable is explicitly declared
to have the COMPLEX attribute, it is
assumed to represent real data items.

Numeric Character Data
A numeric character data item (also known
as a numeric field data item) is the value
of a variable that has been declared with
the PICTURE attribute and a numeric picture
specification. The data item is the
character representation of a decimal
fixed-point or floating-point value.
A numeric picture specification
describes a character string to which only
data that has, or can be converted to, an
arithmetic value is to be assigned. A
numeric picture specification cannot
contain either of the picture characters A
or X, which are used for non-numeric
picture-character strings. The basic form
of a numeric picture specification is one
or more occurrences of the digit-specifying
picture character 9 and an optional
occurrence of the pi cture character V, to
indicate the assumed location of a decimal
point. The picture specification must be
enclosed in single quotation marks. For
example:
'999V99'
This numeric picture specification
describes a data item consisting of up to
five decimal digits in character form, with
a decimal point assumed to precede the
rightmost two digits.
Repetition factors may be used in
numeric picture specifications. A
Irepetition factor is an unsigned decimal
I integer constant, enclosed in parentheses.
INo blanks are allowed within the
I parentheses. The repetition factor
I indicates the number of repetitions of the
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immediately following picture character.
For example, the following picture
specification would result in the same
description as the example shown above:
, (3)

9V ( 2) 9 '

The format for de,claring a numeric
character variable is:
DECLARE identifier PICTURE
'numeric-picture-specification';
For example:
DECLARE PRICE PICTURE '999V99';
This specifies that any value assigned to
PRICE is to be maintained as a character
string of five decimal digits, with an
assumed decimal point preceding the
rightmost two digits. Data assigned to
PRICE will be aligned on the assumed point
in the same way that pOint alignment is
maintained for fixed-point decimal data.
The numeric picture specification
specifies arithmetic attributes of data in
much the same way that they are specified
by the appearance of a constant. only
decimal data can be represented by picture
characters. Complex data can be declared
by specifying the COMPLEX attribute along
with a single picture specification that
jescribE~s either a fixed-point or a
floating-point data item.
The maximum number of decimal digits
allowed in a numeric character item is 15.
It is important to note that, although
numeric character data has arithmetic
attributes, it is not stored in coded
arithmetic form. Numeric character data is
stored in zoned decimal format; before it
can be used in arithmetic computations, it
must be converted either to packed decimal
or to hexadecimal floating-point format.
Such conversions are done automatically,
but they require extra execution time.
Although numeric character data is in
character form, like character strings, and
although it is aligned on the decimal point
like coded arithmetic data, it is processed
differently from the way either coded
arithmetic items or character strings are
processed. Editing characters can be
specified for insertion into a numeric
character data item, and such characters
are actually stored wi thin the data item.
consequently, when the item is printed or
treated as a character string, the editing
characters are included in the assignment.
If, however" a numeric character item is
assigned to another numeric character or
arithmetic variable, the editing characters
will not be included in the assignment;
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only the actual digits and the location of
the assumed decimal point are assigned.
Consider the following example:
DECLARE PRICE PICTURE '$99V.99',
COST CHARACTER (6),
VALUE FIXED DECIMAL (6,2);
PRICE = 12.28;
CO ST = '$12. 2 8' ;
In the picture specification for PRICE, the
currency symbol C$) and the decimal point
C.) are editing characters. They are
stored as characters in the data item.
They are not, however. a part of its
arithmetic value. After execution of the
second aSSignment statement, the actual
internal character representation of PRICE
and COST can be considered identical. If
they were printed, they would print exactly
the same. They do not, however, always
function the same. For example:
VALUE = PRICE:
COST

= PRICE:

VALUE = COST;
PRICE

COST;

After the first two assignment
statements are executed, the value of VALUE
would be 0012.28 and the value of COST
would be '$12.28'. In the assignment of
PRICE to VALUE" the currency symbol and the
decimal point are considered to be editing
characters, and they are not part of the
assignment; the arithmetic value of PRICE
is converted to internal coded arithmetic
form. In the assignment of PRICE to COST,
however, the assignment is to a character
string, and the editing characters of a
numeric picture specification always
participate in such an assignment. No
conversion is necessary because PRICE is
st ored in character form.
The third and fourth assignment
statements would cause errors. The value
of COST cannot be assigned to VALUE because
the currency syrobol in the string makes it
invalid as an arithmetic constant. The
value of COST cannot be assigned to PRICE
for exactly the same reason. Only values
that are of arithmetic type" or that can be
converted to arithmetic type, can be
assigned to a variable declared with a
numeric picture specification.
Note: Although the decimal pOint can be an
editing character or an actual character in
a character string, it will not cause an
error in converting to arithroetic form,
since its appearance is valid in an
arithmetic constant. The same would be
true of a valid plus or minus sign, since

arithmetic constants can be preceded by
signs.

'LOGARITUM TABLE·
'PAGE 5'

other editing characters, including zero
suppression characters, drifting
characters, and insertion characters" can
be used in numeric picture specifications.
For complete discussions of picture
characters, see section D, "Picture
specification Characters" and the
discussion of the PICTURE attribute in
section I, "Attributes".

STRING D1\'TA
A string is a contiguous sequence of
characters (or binary digits) that is
treated as a single data item.
The length
of the s1:ring is the number of characters
(or binary digits) i t contains.

There are two types of strings:
character strings and bit strings.

'SHAKESPEARE"S ""HAMLET"'"

'AC438-19'
(2)

'WALLA '

The third example actually indicates
SHAKESPEARE" S ., HAMLET" with a length of
24.
In the last example, the parenthesized
number is a repetition factor. which
indicates repetition of the characters that
follow.
This example specifies the
constant 'WALLA WALLA ' (the blank is
included as one of the characters to be
repeated). The repetition factor must be
an unsigned decimal integer constant,
enclosed in parentheses. It has a maximum
permissible value of 32767.
A null character-string constant is
written as two quotation marks with no
intervening blank.
The keyword attribute for declaring a
character-string variabl e is CHARACTER.
Length may be declared by an expression or
a decimal integer constant, enclosed in
parentheses, which speci fies the number of
characters in the string. The length
specification must follow the keyword
CHARACTER. For example:
DECLARE NAME CHARACTER (15);

Character-String Data
A charact:er string can include any digi t,
letter, or special character recognized as
a character by the particular machine
configuration.
Any blank included in a
character string is an integral character
and is included in the count of length. A
comment t.hat is inserted wi thin a character
string wi.ll not be recognized as a comment.
The comment, as well as the comment
delimiters (/* and */), will be considered
to be part of the character-string data.
Character-string constants, when written
in a program, must be enclosed in single
quotati on marks.
If a single quotation
mark is a character in a string" it must be
written as two single quotation marks with
no intervening blank.
The length of a
character string is the number of
characters between the enclosing quotation
marks.
If two single quotation marks are
used within the string to represent a
single quotation mark, they are counted as.
a single character.
Examples of character-string constants
are:

This DECLARE statement specifies that the
identifier NAME is to represent characterstring data items, 15 characters in length.
If a character string shorter than 15
characters were to be assigned to NAMK, i t
would be left adjusted and padded on the
right with blanks to a length of 15. If a
longer string were assigned, it would be
truncated on the right.
(Note:
If such
truncation occurs i t can be detected by use
of the STRINGSIZE condition).
When no length is specified, the
standard default assumption is a length of
one.
Character-string variables may also be
declared to have the VARYING attribute, as
follows:
DECLARE NAME CHARACTER (15) VARYING;
This DECLARE statement specifies that the
identifier NAME is to be used to represent
varying-length character-string data items
with a maximum length of 15. The actual
length attribute for NAME at any particular
time is the length of the data item
assigned to it at that time. The
programmer need not keep track of the
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length of a varying-length character
string; this is done automatically.
The
length at any given time can be determined
by the programmer, however, by use of the
LENGTH built-in function, as discussed in
chapter 13, n Editing and String Handling".
Character-string data is maintained
internally in character format, that is,
each character occupies one byte of
storage,.
The maximum length allowed for
variables declared with the CHARACTER
attribute is 32,767. The maximum length
allowed for a character-string constant
before application of repetition factors
varies according to the amount of storage
available to the compiler, but it will
never be less than 512. The minimum length
for a character string is zero. The
storage allocated for varying-length
strings is two bytes longer than the
declared maximum length.
The initial two
bytes hold the string's current length, in
bytes.
Character-string variables also can be
declared using the PICTURE attribute of the
form:

The maximum length allowed for a picture
specification is the same as that allowed
for character-strin9 constants, as
discussed above.
Note that, for character picture
specifications, the picture character 9
specifies a digit or a blank, while, for
numeric picture specifications, the same
character specifies only a digit.

!!ii:::string Data
A bit-string constant is written in a
program as a series of binary digits (bits)
enclosed in single quotation marks and
followed immediately by the letter B.
A null bit-string constant is written as
two quotation marks with no intervening
blank, followed immediately by the letter
B.
Examples of bit-string constants as
written in a program are:

PICTURE 'character-picture-specification'
'l'B
The character picture specification is a
string composed of the picture
specification characters A, X" and 9.
The
string of picture characters must be
enclosed in single quotation marks, and it
must contain at least one A or X and no
other picture characters except 9. The
character A specifies that the
corresponding position in the described
field will contain an alphabetic character
or blank.
The character X specifies that
any character may appear in the
corresponding position in the field. The
picture character 9 specifies that the
corresponding position will contain a
numeric character or blank.
For example:
DECLARE PART_NO PICTURE 'AA9999X999'i
This DECLARE statement specifies that the
identifier PART_NO will represent
character-string data items conSisting of
two alphabetic characters, four numeric
characters, one character that may be any
character, and three numeric characters.
Repetition factors are used in picture
specifications differently from the way
they are used in string constants.
Repetition factors must be placed inside
the quotation marks. The repetition factor
specifies repetition of the immediately
folla.ving picture character. For example,
the above picture specification could be
written:
, (2)A(4)9X{3)9'
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'llll1010110001'B
(64)'O'B
, •B

The parenthesized number in the third
example is a repetition factor which
specifies that the following series of,
digits is to be repeated the specified
number of times. The example shown would
result in a string of 64 binary zeros.
A bit-string variable is declared with
the BIT keyword attribute.
Length may be
declared by an expression or a decimal
integer constant, enClosed in parentheses,
to specify the number of binary digits in
the string. The letter B is not included
in the length specification since it is not
part of the str ing • Th e I en gt h
specification must follow the keyword BIT.
Folla.ving is an ex am pI e of declaration of a
bit-string variable:
DECLARE SYMPTOMS BIT (64);
Like character strings, bit strings are
assigned to variables from left to right.
If a string is longer than the length
declared for the variable, the rightmost
digits are truncated; if shorter, padding,
on the right, is with zeros.
If no length is specified, a length of
one is assumed.

A bit-string variable may be given the
VARYING at~tribute to indicate it is to be
used to rE!present varying-length bit
strings. Its application is the same as
that described for character-string
variables in the preceding section.
Bit strings are stored eight bits to a
byte. The maximum length allowed for a
bit-string variable is 32,767. The maximum
length allowed for a bi t-string constant
before application of repetition factors
depends upon the amount of storage
available to the compiler, but it will
never be less than 4096 (512 bytes). The
minimum IE!ngth for a bi t string is zero.
The storage allocated for varying-length
strings is two bytes longer than that
required by the declared maximum length.
The initial two bytes hold the current
length of the string, in bits.

the checkout compiler, the compiler options
should specify that no checking for
uninitialized variables is carried out.
The optimizing compiler does not check for
uninitialized variables.

Program Control Data
The types of program control data are file,
label, entry" event, task, locator, and
area.

UNINITIALIZEDVARIABLES
FILE DATA
When the programmer makes a reference to an
arithmetic or string variable such that the
variable should contain a valid value assigns the value to another variable for
instance - errors can occur if this is the
first refE~rence to the variable. The
programmer must ensure that a variable has
been assigned a value before trying to
access it. The checkout compiler checks
whether this has been done.
To faci.litate this checking, the
compiler assigns a special value to each
variable as soon as storage is allocated to
it.
An attempt to use a variable having
this value will result in interruption of
execution. The special value is one which
the variable would not normally have.
For
instance, with a varying-length character
string, the compiler assigns the variable a
length of -1.
Certain of these special
values, however, might occasionally be used
by the programmer. These are as follows.
Fixed length character strings:

A file data item represents information
about a PL/I file. It may be a file
constant, or the value of a file variable.
A file constant can be assigned to a file
variable: a reference to the file variable
is a reference to the assigned file
constant.

LABEL DATA
A label data item is a label constant or
the value of a label variable.
A label constant is an identifier
written as a prefix to a statement so that,
during execution, program control can be
transferred to that statement through a
reference to its label. A colon connects
the label to the statement.

X' FE' in earn byte

I
I

ABCDE:

MILES = SPEED*HOURSi

IPicture data:

I
I
I

X'FE' in each byte

IFixed-point binary data:

I

I

I

I

I

halfword

X'8001', i.e. -2 15 +1(-32767)

fullword

X'80000001'~

i.e. -231+1
(-2,187,483,647)

If i t is essential that one of the above
values is used in a program to be run under

In this example, ABCDE is the statement
label. The statement can be executed
either by normal sequential execution of
instructions or by transferring control to
this statement from some other point in the
program by means of a GO TO statement.
As used above, ABCDE can be classifi.ed
fUrther as a statement-label constant. A
statement-label variable is an identifier
that refers to statement-label constants.
Consider the following example:
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statement;

PI and PIA are declared as entry constants.
Control is transferred to the procedure
entry points designated by P1 or PIA when a
reference is made to either entry constant.

statement:
An entry variable is an identifier that
refers to an entry constant. consider the
following example:
DECLARE EV ENTR Y VARIABLE,
(EI,E2) ENTRY;

LBL A and LBL B are statement-label
constants because they are prefixed to
statements.
LBL X is a statement-label
variable.
By assigning LBL A to LBL X, the
statement GO TO LBL X causes a transfer to
the LBL A statement: Elsewhere, the
program-may contain a statement assigning
LBL_B to LBL_X. Then, any reference to
LBL X would be the same as a reference to
LBL-B. This value of LBL X is retained
untIl another value is assigned to it.
A statement-label variable must be
declared with the LABEL attribute, as
follows:
DECLARE LBL X LABEL;

ENTRY DATA
Entry data is used only in connection with
entry names, and has values which permit
references to be made to entry points of
~rocedures.
Entry data may be an entry
constant or the value of an entry variable.
An entry constant is an identifier that
appears in the program as an entry name
written as a prefix to a PROCEDURE or ENTRY
statement. It permits references to be
made to an entry point of a procedure.
Example:
P:

EV =
CALL
EV =
CALL

EI;
EV;
E2:
EV;

EV is declared an entry variable by means
of the VARIABLE attribute. The first CALL
statement invokes an entry point
represented by the entry constant EI. The
second CALL invokes the entry point E2.

EVENT DATA
Eve'nt variables are used to coordinate the
concurrent execution of a number of
procedures, or to allow a degree of overlap
between a record-oriented input/output
operation (or the execution of a DISPLA.Y
statement) and the execution of other
statements in the procedure that initiated
the operation.
A variable is given the EVENT attribute
by its appearance in an EVENT option or a
WAtT statement, or by explicit declaration,
as in the following example:
DECLARE ENDEVT EVENT:
For detailed information" see chapter
17, "Multitasking," chapter 12, "RecordOriented Transmission", or "DISPLAY" in
section J, "Statements".

PROCEDURE;
CA.LL PI;
TASK DATA
CALL PIA:

Task variables are used to control the
relative priorities of different tasks
(i.e., concurrent separate executions of a
procedure or procedures).

P1: PROCEDURE;

PIA:ENTRYi
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A variable is given the TASK attribute
by its appearance in a TASK option, or by
explicit declaration, as in the following
example:

DECLARE ADTASK TASK:
For detailed information., see chapter
11, "Multitasking."

LOCATOR DATA
rhere are two types of locator data:
pointer and offset.
The value of a pointer variable is
etfecti vely an address of a location in
storage, and so it can be used to qualify a
reference to a variable that may have been
allocated storage in several different
locations ..
The value of an offset variable
specifies a location relative to the start
of a reserved area of storage and remains
valid when the address of the area itself
changes.
Locator variables can be declared as in
the following example:
DECLARE HEADPTR POINTER,
FIRST OFFSET (AREAl):
In this example, AREAl is the name of the
reserved area of storage that will contain
the location specified by FIRST.
A variable can also be given the POINTER
attribute by its appearance in the BASED
attribute, by its appearance on the lefthand side of a locator qualification
symbol, or by its appearance in a SET
option.
For de"tailed information, see chapter 8,
"Storage Control".

The number of bytes of storage to be
reserved can be stated explicitly, as it
has been for AREAl in the example;
otherwise a default size is assumed. The
default size is 1000 bytes; the theoretical
maximum size is 16,777,200 bytes but in
practice the maximum depends on the amount
of storage available to the program.
For detailed inf ormation, see chaJ;ter 8,
"storage Control".

Da ta Org anization
In PL/I, data items may be single data
elements, or they may be grouped together
to form data collections called arrays and
structures. A variable that represents a
single element is an element variable (also
called a scalar variable). A variable that
represents a collection of data elements is
either an array variable or a structure
variable.
Any type of problem data or program
control data can be collected into arrays
or structures.

ARRAYS
Data elements having the same
characteristics, that is., of the same data
type and of the same precision or length,
may be grouped together to form an array.
An array is an n-dimensional collection of
elements, all of which have identical
attributes. Only the array itself is given
a name. An individual item of an array is
referred to by giving its relative position
within the array.

A.REA DATA
Consider the follOWing two declarations:
Area variables are used to describe areas
of storage that are to be reserved for the
allocation of based variables.
An area can
be assigned or transmitted complete with
its contained allocations; thus, a set of
based allocations can be treated as one
unit for assignment and input/output while
each allocation retains its individual
identity.
A variable is given the AREA attribute
either by its appearance in the OFFSET
attribute or an IN option, or by explicit
jeclaration, as in the following example:
DECLARE AREAl AREA(2000),
AREA2 AREA;

DECLARE LIST (8) FIXED DECIMAL (3);
DECLARE TABLE (4,2) FIXED DECIMAL (3);
In the first example, LIST is declared to
be a one-dimensional array of eight
elements, each of which is a fixed-point
decimal item of three digits. In the
second example, TABLE is declared to be a
two-dimensional array, also of eight fixedpoint decimal elements.
The parenthesized number or numbers
following the array name in a DECLARE
statement is the dimension attribute
specification.
It must follow the array
name, with or without an intervening blank.
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It specifies the number of dimensions of
the array and the bounds, or extent, of
each dimension.
Since only one bounds
specification appears for LISr, it is a
one-dimensional array.
Two bounds
specifications, separated by a comma, are
listed for TABLE; consequently, it is
aeclared to be a two-dimensional array.
'rhe bounds of a dimension are the
beginning and the end of that dimension.
The extent is the number of integers
between, and including, the lower and upper
bounds.
If only one integer appears in the
bounds specification for a dimension, the
lower bound is assumed to be 1.
The one
dimension of LIST has bounds of 1 and 8;
its ext.ent is 8.
The two dimensions of
TABLE have bounds of 1 and 4 and 1 and 2;
the extents are 4 and 2.
If the lower bound of a dimension is not
1, both the upper bound and the lower bound
must be stated explicitly, with the two
numbers connected with a colon.
For
example:
DECLARE LIST_A (4:11);

LIST (6)

150

LIST (7)

310

LIST (8)

70

Each of the numbers following the name
LIST is a SUbscript. A parenthesized
subscript following an array name, with or
without an intervening blank, identifies a
particular data item within the array. A
subscripted name, such as LIST(4), refers
to a single element and is an element
variable. The entire array can be referred
to by the unsubscripted name of the array,
for example, LIST. In this case" LIST is
an array variable.
Note the difference
between a subscript. and the dimension
attribute specification. The latter, which
appears in a declaration, specifies the
dimensionality and the number of elements
in an array. Subscripts are used in other
references to identify specific elements
within the array.
The same data could be assigned to
LIST_A and LIST_B, as declared above
(though not by direct assignment from
LIST) • In this case i t would be would be
referred to as follows:

DECLARE LIST_B (-4:3);
In the first example, the bounds are 4 and
11; in the second they are -4 and 3. Note
that the extents are the same; in each
case, there are 8 integers from the lower
bound t.hrough the upper bound.
It is
important to note the difference between
the bounds and the extent of an array.
In
the manipulation of array data (discussed
in chapter 4, "Expressions and Data
Conversions") involving more than one
array, the bounds -- not merely the extents
-- must be identical. Although LIST,
LIST A, and LIST B all have the same
extent, the bounds are not identical.
The bounds of an array determine the way
element~s of the array can be referred to.
For example, assume that the following data
items a.re assigned to the array LIST, as
aeclared above:
20 5 10 30 630 150 310 70
rfhe different elements would be referred
to as follows:
Reference
LIST (1)
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Element

LIST_A ( 4)

20

LIST_B (-4)

LIST_A (5)

5

LIST_B (-3)

LIST_A ( 6)

10

LIST_B ( -2)

LIST_A

(7)

30

LIST_B (-1)

LIST_A

( 8)

630

LIST_B (0)

LIST_A

( 9)

150

LIST_B (1 )

LIST_A ( 10)

310

LIST_B (2 )

LIST_A (11)

70

LIST_B (3)

Reference

Assume that the same data were assigned
to TABLE, which is declared as a two- .
dimensional array (though note again that
assignment could not be direct from LIST to
TABLE). TABLE can be illustrated as a
matrix of four rows and two columns, as
follCMs:

Element
20

TABLE(m,n)

LIST ( 2)

5

(l,n)

20

5

LIST ( 3)

10

(2,n)

10

30

LIST ( 4)

30

(3,n)

630

150

LIST (5)

630

(4,n)

310

70
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An element of TABLE is referred to by a
subscript€!d name with two parenthesized
subscripts, separated by a comma. For
example, TABLE (2,1) would specify the
first i tern in the second row, in this case,
the data i.tem 10.
Note: The use of a mat'rix to illustrate
TABLE is purely conceptual.
It has no
relationship to the way in which the items
are actually organized in storage. Data
items are assigned to an array in row major
order, that is, with the right-most
subscript varying most rapidly.
For
example, assignment to TABLE would be to
T~BLE(l,l), TABLE(1,2), TABLE(2,1),
TABLE(2,2) and so forth.
Arrays are not limited to two
dimensions; up to 15 dimensions can be
declared for an array.
In a reference to
an element; of any array, a subscripted name
must contain as many subscripts as there
are dimensions in the array.
Examples of arrays in this chapter have
shown arrays of arithmetic data. All data
types may be collected into arrays.
string
arrays, either character or bit, are valid,
as are arrays of label, entry, event, file,
area, task, or locator data.

TABLE.
array.

TABLE(*,*) refers to the entire

Note that a subscripted name containing
asterisk subscripts represents, not a
single data element, but an array with as
many dimensions as there are asterisks.
consequently, such a name is not an element
expression, but an array expression.
A reference to a cross-section of an
array may be a reference to two or more
elements of that array which may not be
adjacent in storage, the elements specified
by such a reference being separated by
other elements which are not part of the
cross-section. The storage represented by
such a cross-section is known as nonconnected storage. certain restrictions
apply to the use of non-connected storage:
for example, a record variable (that is, a
variable to or from which data is
transmitted by a record-oriented
transmission statement) must represent data
in connected storage (that is. data items
which are adjacent in storage).

STRUCTURES
Expressions as subscripts
The subscripts of a subscripted name need
nat be constants. Any expression that
yields a ~~lid arithmetic value can be
used.
If the evaluation of such an
expression yields a value that is not a
fixed-point binary integer, it is converted
to FIXED BIN~RY(15 ,0), since subscripts are
maintained internally as binary integers.
subscripts are frequently expressed as
variables or other expressions.
Thus,
TABLE(I,J*K) could be used to refer to the
different elements of TABLE by varying the
values of I, J, and K.

Cross-Sections of Arrays
Cross-sect.ions of arrays can be referred to
by substituting an asterisk for a subscript
in a subscripted name. The asterisk then
specifies that the entire extent is to be
used. For example, TABLE(*,l) refers to
all of the elements in the first column of
TABLE. I-,t specifies the cross-section
consistinq of TABLE(1,1),rABLE(2,1),
TABLE(3,1), and TABLE(4,1).
The
subscripted name TABLE(2,*) refers to all
of the data items in the second row of

Data items that need not have identical
characteristics, but that possess a logical
relationship to one another, can be grouped
into aggregates called structures.
Like an array, the entire structure is
given a name that can be used to refer to
the entire collection of data. Unlike an
array, however, each element of a structure
also has a name.
A structure is a hierarchical collection
of names. At the bottom of the hierarchy
is a collection of elements, each of which
represents a single data item or an array.
At the top of the hierarchy is the
structure name, which represents the entire
collection of element variables. For
example, the following is a collection of
element variables that might be used to
compute a weekly payroll:
LAST NAME
FIRST NAME

REGULAR_HOURS
OVERT IME HOU RS
REGULAR_RATE
OVERTIME_RATE
These ~riables could be collected into
a structure and given a single structure
name, PAYROLL, which would refer to the
entire collection.
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PAYROLL
LAST_NAME

REGULAR HOURS

REGULAR_RATE

FIRST_NAME

OVERTIME_HOURS

OVERTIME_RATE

Any reference to PAYROLL would be a
reference to all of the element variables.
For example:

GET DATA (PAYROLL);
This input statement could cause data to
be assigned to each of the element
variables of the structure PAYROLL.
It often is convenient to subdivide the
entire collection into smaller logical
collections.
In the above examples,
LAST_NAME and FIRST_NAME might make a
logical subcollection, as might
REGULAR HOURS and OVERTIME HOURS, as well
as REGULAR RATE and OVERTIME RATE.
In a
structure,-such sUbcollections also are
given names.
PAYROLL
NMv1E

HOURS

RATE

FIRST
LAST

REGULAR
OVERTIME

REGULAR
OVERTIME

NotE! that the hierarchy of names can be
considered to have different levels. At
the first level is the structure name
(called a major structure name); at a
deeper level are the names of substructures
(called minor structure names); and at the
deepest: are the element names (called
element:ary names).
An elementary name in a
structure can represent an array, in which
case i t is not an element variable, but an
array variable.
The organization of a structure is
specifi.ed in a DECLARE statement through
the use of level numbers.
A major
structure name must be declared with the
level number 1. Minor structures and
elementary names must be declared with
level numbers arithmetically greater than
1; they must be decimal integer constants.
A blank must separate the level number and
its associated name. For example, the
items of a weekly payroll could be declared
as follows:
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DECLARE 1 PAYROLL,
2 NAME,
3 I,AST,
3 FIRST,
2 HOORS,
3 REGULAR,
3 OVERTIME,
2 RA'l'E,
3 REGULAR,
3 OVERTIME;
Note:
In an actual declaration of the
structure PAYROLL, attributes would be
specified for each of the elementary names
LAST and FIRST, and the two pairs REGULAR
and OVERTIME. The pattern of indentation
in this example is used only for
readability. The statement could be
written in a continuous string as DECLARE 1
PAYROLL, 2 NAME, 3 LAST, etc.
PAYROLL is declared as a major structure
containing the minor structures NAME,
HOURS, and RATE. Each minor structure
contains two elementary names. A
programmer can refer to the entire
structure by the name PAYROLL. or he can
refer to portions of the structure by
referring to the minor structure names.
He
can refer to an element by referring to an
elementary name.
Note that in the declaration, each level
number precedes its associated name and is
separated from the name by a blank. The
numbers chosen for successively deeper
levels need not be the immediately
succeeding integers.
They are used merely
to specify the relative level of a name.
A
minor structure at level n contains all the
names with level numbers greater than n
that lie between that minor structure name
and the next name with a level number less
than or equa I to E.
PAYROLL might have
been declared as follows:
DECLARE 1 PAYROLL,
4 NAME,

5 LAST,
5 FIRST,
2 HCORS,
6 REGULAR,
5 OVERTIME,
2 RATE,
3 REGULAR,
3 OVERTIME;
This declaration would result in exactly
the same structuring as the previous
declaration.
The maximum permissible
number of levels is 15, and the highest
permissible level number is 255.
The description of a major structure
name is terminated by the declaration of
another item with a level number 1, by the
declaration of another item with no level
number, or by a semicolon terminating the

DECLARE statement.
Level numbers are specified with
structure names only in DECLARE statements
and, in the case of controlled structures,
ALLOCATE statements.
In references to the
structure or its elements, no level numbers
are used.

Qual if i ed _Names
A minor s'tructure or a structure element
can be referred to by the minor structure
name or the elementary name a lone if there
is no ambiguity.
Note, however, that each
of the names REGULAR and OVERTIME appears
twice in 1the structure declaration for
PAYROLL. A reference to either name would
be ambiguous without some qualification to
make the name unique.
PL/I allows the use of qualified names
to avoid 'this ambigui ty.
A qualified name
is an elementary name or a minor structure
name that is made unique by qualifying i t
with one or more names at a higher level.
In the PAYROLL example, REGULAR and
OVERTIME could be made unique through use
of the qua.lified names HOURS. REGULAR,
HOURS.OVER'l'IME" RATE. REGULAR, and
RATE.OVER'rIME.
The di :Eferent names of a qualified name
are connected by periods.
Blanks may
appear su:rrounding the period.
Qualification is in the order of levels:
that is, 1the name a t the highest level must
appear fi rst, with the name at the deepest
level appearing last.
Any of the names in a structure, except
the major structure name itself, need not
be unique within the procedure in which i t
is declared.
For example, the qualified
name PAYROLL. HOURS. REGULAR might be
required to make the reference unique
(another structure, say WORK, might also
have the name REGULAR in a minor structure
HOURS; i t could be made unique with the
name WORK. HOURS • REGULAR) • All of the
qualifying names need not be used, although
they may be, if desired.
Qualification
need go only so far as necessary to make
the name unique.
Intermediate qualifying
names can be omitted. The name
PAYROLL. LAST is a valid reference to the
name PAYROLL. NAME.LAST.

ARRAYS OF STRUCTURES
A structure name, either major or minor,
can be given a dimension attribute in a

DECLARE statement to declare an array of
structures. An array of structures is an
array whose elements are structures having
identical names, levels, and elements.
For
example, if a structure, WEATHER, were used
to process meteorological information for
each month of a year, it might be declared
as follows:
DECLARE 1 WEATHER(12),
2 TEMPERATURE,
3 HIGH DECIMAL FIXED (4,1),
3 LOW DECIMAL FIXED(3,l),
2 WIND VELOCI TY"
3 HIGH DECIMAL FIXED(3),
3 LOW DECIMAL FIXED(2),
2 PRECIPITATION,
3 TOl'AL DECIMAL FIXED (3,1),
3 AVERAGE DECIMAL FIXED(3,l);
Thus, when such an array represents the
weather for a whole year, a programmer
could refer to the weather data for the
month of July by specifying WEATHER(7).
Portions of the July weather could be
referred to by TEMPERATURE (7). WIND
VELOCITY(7), and PRECIPITATION(7), but
TOTAL(7) would refer to the total
precipitation during the month of July.
TEMPERATURE.HIGH(3), which would refer
to the high temperature in March, is a
subscripted guali!!~~name.
The need for subscripted qualified names
becomes more apparent when an array of
structures contains minor structures that
are arrays.
For example, consider the
following array of structures:
DECLARE 1 A (6,6),
2 B (5),
3 C,

3 0,
2 E:
Both A and B are arrays of structures. To
identify a data item, i t may be necessary
to use as many as three names and three
subscripts.
For example, A(1~1).B(2).C
identifies a particular C that is an
element of B in a structure in A.
So long as the order of subscripts
remains unchanged, subscripts in such
references may be moved to the right or
left and attached to names at a lower or
higher level.
For example, A.B.C(1,1,2)
and A(1,1,2).B.C have the sarre meaning as
AC1,1).B(2).C for the above array of
structures.
Unless all of the subscripts
are moved to the lowest or highest level,
the qualified name is said to have
interleaved subsc~iE!~; thus, A.B(1,1,2).C
has interleaved subscripts.
An array" declared within an array of
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structures inherits dimensions declared in
the containing structure.
For example, in
the above declaration for the array of
structures A, the array B is a threedimensional structure, because it inherits
the two dimensions declared for A. If B is
unique and requires no qualification, any
reference to a particular B would require
three subscripts, two to identify the
specific A and one to identify the specific
B within that A.

Cross-Sections of Arrays of structures
A reference to a cross-section of an array
of structures is not permitted, that is,
the asterisk notation cannot be used in a
reference.

DECLARE LIST CHARACTER
LISTA CHARACTER (10)
LISTB CHARACTER(10)
POSITION(11),
LISTC CHARACTER(30)
POSITION(21);

DEFINED Attribute
rhe DEFINED attribute specifies that the
named data element, structure, or array is
to occupy the same storage area as that
assigned to other data.
For example,

The DEFINED attribute may also be used
to specify parts of an array through use of
iSUB variables, in order to constitute a
new array. The iSUB variables are dummy
variables where i can be specified as any
decimal integer constant frorr 1 through g
(where n represents the number of
dimensions for the defined item). The
value of the iSUB variable ranges from the
lower bound to the upper bound of the ith
dimension of the defined array. For
example:
DECLARE A(20,20),
B(10) DEFINED A(2*lSUB,2*lSUB)i

B is a subset of A consisting of every even
element in the diagonal of the array" A.
In other words" B (1) corresponds to A (2, 2),
B(2) corresponds to A(4,4).
Non-connected storag~: The use of the
DEFINED attribute to overlay arrays with
arrays creates the possibility that array
expressions can refer to array elements in
non-connected storage (that is • array
elements which are not adjacent in
storage) • It is possibl e for an array
expression involving consecutive elements
to refer to non-connected storage in the
two following cases:
1.

Where an array is declared with iSUB
defining. An array expression which
refers to adjacent elements in an
array declared with iSUB defining can
be a reference to non-connected
storage (that is, a reference to
elements of an overlayed array which
are not adjacent in storage).

2.

Where a string array is defined on a
string array which has elements of
greater length. Consecutive elements
in the defined array are separated by
the difference between the lengths of
the elements of the base and defined
arrays, and are considered to be held
in non-connected storage,.

DECLARE LIST (100,100),
LIST_ITEM (100,100) DEFINED LIST;
LIST is a 100 by 100 two-dimensional array.
LIST ITEM is an identical array defined on
LIST: A reference to an element in
LIST ITEM is the same as a reference to the
corresponding element in LIST.
The DEFINED attribute with the POSITION
attribute can be used to subdivide or
overlay a data item. For example:
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DEFINED LIST

LISTA refers to the first ten characters of
LIST. LISTB refers to the second ten
characters of LIST. LISTC refers to the
last thirty characters of LIST.

Other Attributes
Keyword attributes for data variables such
as BINARY and DECIMAL are discussed briefly
in the preceding sections of this chapter.
Other attributes that are not peculiar to
one datn type may also be applicable. A
complete discussion of these attributes is
contained in section I, "Attributes".
Some
that are especially applicable to a
discussion of data type and data
organization are DEFINED, LIKE, ALIGNED.
UNALIGNED, and INITIAL.

(50),
DEFINED LIST,
DEFINED LIST

LIKE Attribute
The LIKE attribute is used to indicate tbat
the name being declared is to be given the
same structuring as the major structure or
minor structure name following the
. attribute LIKE.
For example:
DECLARE 1 BUDGET,
2 RENT,
2 FOOD,
3 MEAT,
3 EGGS,
3 BUTTER,
2 TRANSPORTATION,
3 WORK,
3 OTHER,
2 ENTERTAINMENT,
1 COST_OF_LIVING LIKE BUDGET;
This declaration for COST OF LIVING is the
same as if it had been declared:

Bytes may be handled separately or
grouped together in fields.
A halfword is
a group of two consecutive bytes. A word
is a group of four consecutive bytes. A
double word is a field consisting of two
words. Byte locations in storage are
consecutively numbered starting with 0;
each number is considered the address of
the corresponding byte. A group of bytes
in storage is addressed by the leftmost
byte of the group. (.
Fixed-length fields, such as halfwords
and double words, must).,be located in main
storage on an integral boundary for that
unit of information. A boundary is called
integral for a unit of information when its
address is a multiple of the length of the
unit in bytes. For example, a word (four
bytes) must be located in storage so that
its address is a multiple of the number 4.
A halfword (two bytes) must have an address
that is a multiple of the nurrber 2, and a
doubleword (eight bytes) must have an
address that is a multiple of the number 8
(see figure 3.1).

DECLARE 1 COST OF LIVING,
2

RENT,-

2 FOOD,
3 MEAT,
3 EGGS,
3 BUTTER,
2 TRANSPORTATION,
3 WORK,
3 OTHER,
2 ENTERTAINMENT;
Note: The LIKE attribute copies
structuring, names, and attributes of the
structure below the level of the specified
name only.
No dimensionality of the
specified name is copied.
For example, if
BUDGET were declared as 1 BUDGET(12), the
declaration of COST OF LIVING LIKE BUDGET
would not give the dimension attribute to
COST_OF_LIVING. TO achieve dimensionality
of COST OF LIVING, the declaration would
have to-be-DECLARE 1 COST OF LIVING(12)
LIKE BUDGET.
A minor structure name can be declared
LIKE a major structure or LIKE another
minor structure. A major structure name
can be declared LIKE a minor structure or
LIKE another major structure.

~LIGNED

and UNALIGNED Attributes

In System/360 and system/370, information
is held in units of eight bits, or a
multiple of eight bits. Each eight-bit
unit of information is called a byte. When
PL/I data is stored in character form, each
character occupies one byte.

Halfwords, words, and doublewords may be
accessed more readily than a field of the
same length that is not aligned on an
integral boundary. For this reason, it is
a system requirement that data to be used
in certain operations is aligned on one of
the three integral boundaries,.
It is possible in PL/I to align data on
boundaries that will give the fastest
possible execution. This is not always
desirable, however" since there may be
unused bytes between successive data
elements, which increases use of storage.
This is likely to be particularly important
when the data items are members of
aggregates that are to be used to create a
data set; the unused bytes can greatly
increase the amount of external storage
required. The ALIGNED and UNALIGNED
attributes allow the programmer to choose
whether or not data is to be stored on the
appropriate integral boundary.
ALIGNED specifies that the data element
is to be aligned on the storage boundary
corresponding to its data type requirement.
These requirements are specified in section
K, "Data Mapping".
UNALIGNED specifies that each data
element, with one exception, is mapped on
the next byte boundary. The exception is
for fixed-length bit strings, which are
mapped on the next bit.
When the UNALIGNED attribute is
specified, the compiler generates code that
moves the data to an appropriate integral
boundary before an operation is performed,
if the operation requires data alignment.
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Figure 3.1.

Section of main storage showing alignment of fixed length fields

Consequently, although the UNALIGNED
attribute may reduce storage requirements,
it may increase execution time.
Defaults are applied at element level.
The default for bit-string data, characterstring data, and numeric character data is
UNALIGNED; for all other types of data, the
default is ALIGNED.
ALIGNED or UNALIGNED can be specified
for element, array, or structure variables.
rhe application of either attribute to a
structure is equivalent to applying the
attribute to all contained elements that
are not explicitly declared ALIGNED or
UNALIGNED.
The following example illustrates the
effect of ALIGNED and UNALIGNED
declarations for a structure and its
elements:
DECLARE 1 S,
2 X BIT(2),
2 A ALIGNED,

/*UNALIGNED BY DEFAULT*/
/*ALIGNED EXPLICITLY */
/*ALIGNED FROM A */
3 B~
3 C UNALIGNED, /*UNALIGNED EXPLICITLY*/
4 D,
/*UNALIGNED FROM C */
4 E ALIGNED, /*ALIGNED EXPLICITLY */
4 F,
/*UNALIGNED FROM C */
/*ALIGNED FROM A */
3 G"
2 H;
/*ALIGNED BY DEFAULT */

INITIAL Attribute
The INITIAL attribute specifies an initial
value to be assigned to a variable at the
time storage is allocated for it. For
example::
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DECLARE NAME CHAR(10) INITC'JOHN DOE');
DECLARE PI FIXED DECC5,4) INITC3.1416);
DECLARE TABLEC100,100) INlT CALL SUBR;
DECLARE A INIT ( (B*C) ) ;
DECLARE X INITCSQRTCZ»i
When storage is allocated for NAME, the
character string 'JOHN DOE' (padded on the
right to 10 characters) will be assigned to
it. When PI is allocated, it will be
initialized to the value 3.1416. Either
value may be retained throughout the
program, or it may be changed during
execution.
The third example illustrates the CALL
option. It indicates that the procedure
SUBR is to be invoked to perform the
initialization. The required values are
aSSigned to TABLE during the execution of
SUBR.
The fourth example shows an INITIAL
attribute which contains an expression.
It
specifies that A is to be initialized with
the value of the product of Band C.
The fifth example illustrates the use of
a function reference to initialize a data
item.
For a variable that is allocated when
the program is loaded, that is, a static
variable, which remains allocated
throughout execution of the program, any
value specified in an INITIAL attribute is
assigned only once. For automatic
variables, which are allocated at each
activation of the declaring block, any

specified initial value is assigned with
each allocation. For based and controlled
variables, which are allocated at the
execution of ALLOCATE statements (also
LOCATE s'tatements for based var iables), any
specified initial value is assigned with
each allocation.
Note, however, that this
initialization of controlled variables can
be overri dden in the ALLOCArE statement.
The INITIAL attribute cannot be given
for entry constants, file constants,
DEFINED data, entire structures, or
parameters (except CONTROLLED parameters).
Note: The C~LL option or an expression
containing one or more variables cannot be
used with the INITIAL attribute for static
data.
An area variable is automatically
initialized with the value of the EMPTY
built-in function, on allocation, after
which any specified INITIAL is applied.
An
area can be initialized by assignment of
another area, using the INITIAL attribute
with or without the CALL option.
The INITIAL attribute can be specified
for arrays, as well as for element
variables.
In a structure declaration,
only elementary names can be given the
INITIAL attribute.
An array or an array of structures can
be partly initialized or fully initialized.
Oninitialized elements are specified by
either omitting to put a value in the
INITIAL attribute or by using an asterisk.
For exampl e:
DECI.~RE

CHARACTER (13) INITIAL
('JOHN DOE', *,
'RICHARD ROW',
'MARY SMITH'),
B (10,10) DECIMAL FIXED(5)
INITIAL « 25) 0, (25) 1, (50) 0),
~(15)

1 C (8) ,

2 D INITIAL (0),
2 E I NI TI AL ( (8) 0) ;
In this example, only the fiJ;st, third,
and fourth elements of A are initialized;
the rest of the array is uninitialized.
The array B is fully initialized, with the
first 25 elements initialized to 0, the
next 25 to 1, and the last 50 to O. The
parenthesized numbers (25, 25, and 50) are
iteration factors, that specify the number

of elements to be initialized.
In the
structure c, where the dimension (8) has
been inherited by D., only the first element
of D is initialized; where the dimension
(8) has been inherited by E, all the
elements of E are initialized.
When an array of structures is declared
with the LIKE attribute to obtain the same
structuring as a structure whose elements
have been initialized. i t should be noted
that only the first structure in this array
of structures will be initialized. For
example:
DECLARE 1 G.,
2 H INITIAL( 0) ,
2 I INITIAL(O)~
1 J(8) LIKE G;
In this example, only J (1). Hand J (l).I are
initialized in the array of structures.
For STATIC arrays, iteration factors
must be decimal integer constants; for
arrays of other storage classes, iteration
factors may be constants, variables, or
expressions.
The iteration factor should not be
confused with the string repetition factor
discussed earlier in this chapter.
Consider the following example:
DECLARE TABLE (50) CHARACTER (10)
IN IT IAL « 1 0) • A ' , (25) (1 0) • B' ,
(24) (1) 'C');
This INITIAL attribute specification
contains both iteration factors and
repetition factors.
It specifies that the
first element of TABLE is to be initialized
with a string consisting of 10 A's, each of
the next 25 elements is to be initialized
with a string consisting of 10 B's, and
each of the last 24 elements is to be
initialized with the single character C.
In the INITIAL attribute specification for
a string array, a single parenthesized
f actor preceding a string constant is
assumed to be a string repetition factor
(as in (10) 'A'). If more than one appears,
the first is assumed to be an iteration
factor, and the second a string repetition
factor.
For this reason (as in
(24) (l)'C'), a string repetition factor of
1 must be inserted if a single string
constant is to be used to initialize more
than one element.
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Chapter 4: Expressions and Data Conversion

~n expression is a representation of a
value.
A single constant or a variable is
an expression. Combinations of constants
and/or variables, along with operators
and/or parentheses, are expressions.
An
expression that contains operators is an
operational expression.
The constants and
variables of an operational expression are
calLed QP~rands.

Examples of element expressions are:
C * D
A(3,2) + B(4,S)
RATE. PRIMARY -

COST. PRIMARY (1)

A(4,4) * C
RATE. SECONDARY / 4

Examples of expressions are:
A(4,6)

* COST.SECONDARY(2)

All of these expressions are element
expressions because each operand is an
element variable or constant (even though
some may be elements of arrays or
elementary names of structures): hence,
each expression represents an element
value.

27

LOSS
A+B
(SQTY-QTY)*SPRICE

Examples of array expressions are:
Any expression can be classified as an
element expression (also called a scalar
expression), an array expression, or a
structure expression. Element variables,
array variables, and structure variables
can appear in the same expressi on.
An element expression is one that
represents an element value. This
definition includes an elementary name
within a structure or a subscripted name
that specifies a single element of an
array.
An array expression is one that
represents an array of values. This
definition includes a structure, or part of
a structure (a minor structure or element)
that is given the dimension attribute.

A + B

A

*

C - D

B / lOB
RATE + COST
All of these expressions are array
expressions because at least one operand of
each is an array variable: hence, each
expression represents an array value. Note
that the third example contains the binary
fixed-point constant lOB.
The last example
represents an array of structures.
Examples of structure expressions are:
RATE * COST(2)

A structure expression is one that
represents a structured set of values.
None of i t:s operands are arrays, but an
operand can be subscripted.

RATE /

In the examples that follow, assume that
the variables have attrib~t.es declared as
follows:
DeL A(10,10) BIN FIXED(31),
B(10,10) BIN FIXED(31),
1 RATE,
2 PRIMARY DEC FIXED(4,2),
2 SECONDARY DEC FIXED(4,2),
1 COST(2),
2 PRIMARY DEC FIXED(4,~,
2 SECONDARY DEC FIXED(4,2),
C BIN FIXED( 15) ,
D BIN FIXED (15) :

2

Both of these expressions are structure
expressions because at least one operand of
each is a structure variable and no operand
is an array; hence, each expression
represents a structure value.

Use of Expressions
Expressions that are single constants or
single variables may appear freely
throughout a program. However, the syntax
of many PL/I statements allows the
appearance of operational expressions,
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provided the result of the expression
conforms with the syntax rules.
In syntactic descriptions used in this
publication" the unqualified term
"expression" refers to an element
expression, an array expression, or a
structure expression. For cases in which
the kind of expression is restricted, the
type of restriction is noted; for example,
the term "element-expression" in a
syntactic description indicates that
neither an array expression nor a structure
expression is valid.
~ote:

Although operational expressions can
appear in a number of different PL/I
statements, their most common occurrences
are in assignment statements of the form:
A

=

B + C;

rhe assignment statement has no PL/I
keyword. The assignment symbol (=)
indicates that the value of the expression
on the right (B + C) is to be assigned to
the variable on the left (A). For purposes
of illustration in this chapter, some
examples of expressions are shown in
assignment statements.

Data Conversion

use of more than one representation in an
expression.
It must be realized., however"
that such mixtures imply conversions. If
conversions take place at execution time,
they will slow down execution. Also"
unless care is taken, conversion can result
in loss of precision and can produce
unexpected results. Mixed-representation
expressions should, therefore, be avoided
as far as possible, and when they are used
the relevant conversion rules should be
thoroughly understood by the programmer.

ASSIGNMENT
In addition to conversion performed in the
evaluation of an expression, conversion
will also occur when a data item (or the
result of an expression evaluation) is
assigned to a variable whose attributes
differ from the attributes of the item
assigned. The rules for such conversions
are, with a few exceptions, the same as
those for conversion in the evaluation of
operational expressions.
Conversion also takes place during
stream-oriented input/output (see chapter
11), and there are a number of other
circumstances that cause conversion; a
complete list is given in section F.

OPERATIONAL EXPRESSIONS
PROBLEM DATA CONVERSION
An operational expression consists of one
or more single operations. A single
operation is either a prefix operation (an
operator preceding a single operand) or an
infix operation (an operator between two
operands). The two operands of any infix
operation, when the operation is performed,
usually must be of the same data type.
The operands of an operation in a PL/I
expression are automatically converted, if
necessary, to a common representation
before the operation is performed. General
principles concerning these conversions are
given in "Attributes of Targets" later in
this chapter.
Detailed rules for specific
cases, including rules for computing the
precision or length of a converted item,
can be found in section F, "Data Conversion
and Expression Evaluation."
Data conversion is mainly confined to
problem data.
The only conversion possible
with program control data is between offset
and pointer types (except that conversion
to character strings takes place under the
checkout compiler during stream output).
There are very few restrictions on the
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Two classes of conversion can be performed
on problem data: type conversion and
arithmetic conversi2n.
Type conversions are those that take
place between the different types of
problem data, namely:
character-string - data with the CHARACTER
attribute
bit-string -

data with the BIT
attribute

numeric character- data with a PICTURE
attribute that contains
neither of the picture
characters A and X.
coded arithmetic - data with FIXED or
FLOAT, DECIMAL or BINARY
REAL or COMPLEX, and
precision attributes.
(strictly, numeric character data is merely
a particular case of arithmetic data, but
for the purpose of presenting the
conversion rules, it is regarded as a

separate type of representation.)
Arithmetic conversions are those that
occur within the coded arithmetic form conversions between fixed-point and
floating-point scales, decimal and binary
bases, and real and complex modes, and
conversions of precision.
An example of type conversion is a bit
str ing being converted to coded arithmetic
representation during the evaluation of an
arithmetic expression. The bit string is
interpreted as an unsigned binary integer,
as if it had the attributes FIXED
BINARY (31"0) REAL, with a value equal to
the positive binary value represented by
the bit pattern in the string.
If the
current length of the string is greater
than 31, excess bits on the left-hand end
of the st.ring are ignored.
An example of arithmetic conversion is
an iternbeing converted from fixed-point
decimal representation to floating-point
binary representation~ both in real mode,
during the evaluation of an arithmetic
expression. The item retains the same
Ivalue but the base on which it is
represented is changed from decimal to
Ibinary and its scale is changed from fixedpoint to floating-point.
Also, the value
of the precision attribute is increased by
a factor of 3.32, because 3.32 times as
many binary'integer~ are required to
represent a given value as decimal
integers., The precision is rounded up to
an integer after being multiplied by 3.32.

LOCATOR DATA CONVERSION
rhe only type of program control data that
may be converted during evaluation of
expressions, and execution of assignment
statements, is locator data, that is, data
with the OFFSET or POINTER attributes.
During the evaluation of an expression
(locator data may be included in comparison
operations using the = and ~= comparison
operators), only offset to pointer
conversion may occur.
During an
assignment, conversion from offset to
pointer and from pointer to offset may
occur.

of a built-in function is explained in
chapter 9, "Subroutines and Functions," and
detailed descriptions of the functions are
given in section G, "Built-in Functions and
Pseudovariables.")
The functions are:
CHAR
BIT
FIXED
FLOAT
DECIMAL
BINARY
Each function converts data to the
attribute implied by its name,.
It will
perform any type and arithmetic conversions
that may be required.
In addition to these
functions, there are the COMPLEX built-in
function, which converts two real arguments
to a single complex val ue, and the function
REAL, which extracts the real part of a
complex value.
In the case of BIT and CHAR built-in
functions, the programmer may specify the
length attribute of the resultant string"
and in the case of FIXED, FLOAT, DECIMAL,
and BINARY, he may specify the precision of
the result.
The precision of a data item may be
controlled by means of the PRECISION builtin function.
Conversion between pointer and offset
types may be initiated by the programmer
using the OFFSET and POINTER built-in
functions.
Most of the conversions performed b¥
these built-in functions could equally
readily be achieved by assignment to a PL/I
variable having the required attributes
(with the exception of the conversions
performed by the COMPLEX built-in
function). The programmer may., however,
find the use of a built-in function more
convenient than the creation of a variable
solely for the purpose of carrying out a
conversion.

Expression Operations
USE OF BUILT-IN FUNCTIONS
well as allowing conversions to take
place during expression evaluation and on
assignment, the programmer may initiate
conversions when he requires them by means
ot PL/I built-in functions.
(The concept
~s

An operational expression can specify one
or more single operations. The class of
operation is dependent upon the class of
operator specified for the operation.
There are four classes of operations arithmetic, bit-string, comparison, and
concatenation.
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ARITHMETIC OPERATIONS
An ari t;hmetic operation is one that is
specified by combining operands with.one of
the following operators:
+

*

/

**

The plus sign and the minus sign can appear
either as prefix operators <associated with
and preceding a single operand, such as +A
or -A) or as infix operators <associated
with and between two operands;, such as A+B
or A-B). All other arithmetic operators
can appear only as infix operators.
An expression of greater complexity can
be composed of a set of such arithmetic
operations.
Note that prefix operators can
precede and be associated with any of the
operands of an infix operation. For
example, in the expression A*-B, the minus
sign preceding the variable B indicates
that the value of A is to be multiplied by
-1 times the value of B.
More than one prefix operator can
precede and be associated with a single
variable.
More than one positive prefix
operator will have no cumulative effect,
but two consecutive negative prefix
operators will have the same effect as a
single positive prefix operator.

chapter.
An intermediate result may undergo
conversion if a further operation is to be
performed, and the value of an expression
may be converted if it is assigned. These
conversions follow exactly the same rules
as the conversion of programmer-defined
data.

Operations using Built-in Functions
There are three built-in functions in PL/I
that allow the programmer to override the
implementation precision rules for
addition, subtraction, multiplication, and
division operations.
(The concept of a
built-in function is explained in chapter
9, "Subroutines and Functions n " and the
functions are described in detail in
section G, "Built-in functions and
Pseudovariables.")
The functions are ADD, MULTIPLY, and
DIVIDE. ADD may be used for subtraction
simply by prefixing the operand to be
subtracted with a minus sign. In using
these functions, two operands are
specified, together with the precision of
the result. The base, scale, and mode of
the result are as defined by the rules for
conversion in the evaluation of
expressions.

Results of Arithmetic operations
After any necessary conversion of the
operands in an expression has been carried
out, the arithmetic operation is performed
and a result is obtained.
This result may
be the value of the expression or it may be
an intermediate result upon which further
operations are to be performed.

BIT-STRING OPERATIONS
A bit-string operation is one that is
specified by combining operands with one of
the following operators:
&

Consider the expression
A

*

B + C

rhe operation A * B is performed first, to
give an intermediate result.
rhen the
value of the expression is obtained by
performing the operation (intermediate
result) + C.
The intermediate result is held in a
temporary location designated by the
compiler.' It has attributes in the same
way as any variable in a PL/I program.
What attributes the result has depends on
the attributes of the two operands (or the
single operand in the case of a prefix
operation) and on the operator involved.
rhis dependence is further explained under
"Attributes of Targets" later in this
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The first operator, the "not" symbol, can
be used as a prefix operator only. The
second and third operators, the "and"
symbol and the "or" symbol, can be used as
infix operators only.
(The operators have
the same function as in Boolean algebra.)
Operands of a bit-string operation are,
if necessary, converted to bit strings
before the operation is performed.
If the
operands of an infix operation are of
unequal current length, the shorter is
extended on the right with zeros.
The result of a bit-string operation is
a bit string equal in length to the current
length of the operands (the two operands.,
after conversion, are always the same
length) •

Bit-string operations are performed on a
bit-by-bit basis. The effect of the "not"
operation is bit reversal; that is, the
result of ~1 is 0; the result of ~O is 1.
The result of an "and" operation is 1 only
if both corresponding bits are 1;
otherwise, the result is o. The result of
an 'or' operation is 1 unless both operands
are zero, in which case it is o. The
following table illustrates the result for
each bit position for each of the
operators:

r-----------------------------------------,
A
I B
II
A I
I A& B I A I B
~

1

1

II
II

1

0

II
II

0
0

COMPARISON OPERATIONS
A comparison operation is one that is
specified by combining operands with one of
the follOwing operators.

<

I

I
I

o

1

1

1

0

1

1

II
II

1

I
I

0

0

II
II

1

I
I

1

0

I

0

I

~>

Algebraic" which involves the
comparison of signed arithmetic values
in internal coded arithmetic form.
If
operands differ in base, scale,
precision, or mode, they are converted
according to the rules for arithmetic
operations. Numeric character data is
converted to coded arithmetic before
comparison. Only the operators = and
~= are valid for comparison of complex
operands.

2.

Character, which involves left-toright, character-by-character
comparisons of characters according to
the collating sequence .•

3.

Bit, which involves left-to-right,
bit-by-bit comparison of binary
digi ts.

4.

Program control data, which involves
comparison of the internal coded forms
of the operands. Only the comparison
operators = and ~= are permitted; area
variables cannot be compared. The
only conversion that can take place is
offset to pointer; all other ty~e
differences between operands for
program control data corrparisons are
in error.

J

In the following examples, if the value
of operand A is '010111'B, the value of
operand B is 'llllll'B, and the value of
operand C is 'l10'B, then:
~

A yields '101000'B

~

C yields

C & B yields

~OOl'B
'110000~B

A

B yields 'llllll'B

C

B yields 'llllll'B

~«~C) I(~B»

>

1.

0

More than one bit-string operation can
be combined in a single expression that
yields a bit-string value.

(~C)

>=

There are four types of comparisons:

1

L------------------------------------_____

A I

~=

~B

----------------------------------------o

<=

These operators specify "less than", "not
less than", "less than or equal to", "equal
to"., "not equal to", "greater than or equal
to", "greater than", and "not greater
than" •

--------------------------~--------------

o

~<

yields '011111' B
yields 'l10111'B

Boolean Built-in Function
In additi.on to the "not", "and" and "or"
operations using the operators ~,& and I,
Boolean operations may be performed using
the BOOL built-in fUnction.
The concept of
a built-in function is described in chapter
9, "Subroutines and Functions," and the
function is described in detail in section
G, "Built:-in Functions and
Pseudovariables. "

If the operands of a problem data
comparison are not immediately com~atible
(that is, if their data types are
appropriate to different types of
comparison), the operand of the lower
precedence is converted to conform to the
comparison type of the other. The
precedence of comparison types is (1)
algebraic (highest), (2) character, (3)
bit. Thus, for example" if a bit string
were to be compared with a fixed decimal
value, the bit string would be converted to
fixed binary for algebraic comparison with
the decimal value (which would also be
converted to fixed binary).
In the
comparison of strings of unequal lengths,
the shorter string is padded on the right
with blanks (in a character comparison) or
'O'B (in a bit comparison).
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The result of a comparison operation
always is a bit string of length one; the
value is 'l'B if the relationship is true~
or 'O'B if the relationship is false.
The most common occurrences of
comparison operations are in the IF
statement, of the following format:
IF A

=B

THEN action-if-true
ELSE action-if-false
rhe evaluation of the expression A = B
yields ·ei ther '1' B or '0' B.
Depending upon
the value, either the THEN portion or the
ELSE portion of the IF statement is
executed.
Comparison operations need not be
limited to IF statements, however.
The
following assignment statement could be
valid:

x

= A

result. Otherwise if the operands are bit
and binary, or both binary, conversions are
performed to produce a bit-string result.
The results of concatenation operations
are as follows:
Bit String: A bit string whose length is
equal to the sum of the lengths of the two
bit-string operands.
Character string: A character string whose
length is equal to ·the sum 0 f the lengths
of the two character-string operands.
If an operand requires conversion for
the con cat enat ion operation., the result is
dependent upon the length of the character
string to which the operand is converted.
For example, if A has the attributes and
value of the constant '0101l1'B, B of the
constant '10l'B, C of the constant "XY"Z',
and D of the constant 'AA/BB', then
AIIB yields '010111101'B

< B;

AI IAI IB yields '01011101011ll01'B

In this example, the value 'liB would be
assigned to X if A is less than B;
otherwise, the value 'O'B would be
assigned.
In the same way, the following
assignment statement could be valid:
X:=A=B;
The first symbol (=) is the assignment
symbol; the second (=) is the comparison
operator. If A is equal to B, the value of
X will be 11'B; if A is not equal to B, the
value of X will be 10' B.

CIID yields 'XY,ZAA/BB'
DIIC yields 'AA/BBXY,Zo
BI ID yields '101AA/BB'
Note that, in the last example., the bit
string '101'B is converted to the character
string '101' before the concatenation is
performed. The result is a character
string consisting o:f eight characters.

COMBINATIONS OF OPERATIONS
CONCATENATION OPERATIONS
~ concatenation operation is one that is
specified by combining operands with the
concatenation symbol:

Different types of operations can be
combined within the same operational
expression. Any combination can be used.
For example, the expression shown in the
following assignment statement is valid:
RESULT = A + B < C & D;

II
It signifies that the operands are to be
joined in such a way that the last
character or bit of the operand to the left
will immediately precede the first
character or bit of the operand to the
right, with no intervening bits or
characters.
The concatenation operator can cause
conversion to string type since
concatenation can be performed only upon
strings, either character strings or bit
strings..
If either operand is character or
decimal, any necessary conversions are
performed to produce a character-string

40

OS PL/I CKT AND OPT LRM PART I

Each operation within the expression is
evaluated according to the rules for that
kind of operation, with necessary data
conversions taking place before the
operation is performed.
Assume that the variables given above
are declared as follows:
DECLARE RESULT BIT(3), A FIXED
DECIMAL(l), B FIXED BINARY
(3), C CHARACTER(2), D BIT(4);
•

The decimal valul~ of A would be
converted to binary base.

•

The binary addition would be performed,
adding A and B.

•

The binary result would be compared with
the converted binary value of C.

•

The bi.t-string result of the comparison
would be extended to the length of the
bi t st.ring 0, and the "and" operation
would be performed.

•

The result of the "and" operation, a bit
string of length 4, would be assigned to
RESUL'l' without conversion, but with
truncation on the right.

The expression in this example is
described as being evaluated operation-byoperation, from left to right. such would
be the ca.se for this particular expression.
rhe order of evaluation, however, depends
upon the priority of the operators
appearing in the expression.

as follows:
+ (B)
+ B) < (C)
«A + B) < C)

(A)
(A

& (D)

The order of evaluation (and,
consequently, the result) of an expression
can be changed through the use of
parentheses. The above expression, for
example, might be changed as follows:
(A + B)

<

(C

& D)

The order of evaluation of this
expression would yield a bit string of
length one, the result of the comparison
operation.
In such an expression, those
expressions enclosed in parentheses are
evaluated first, to be reduced to a single
value, before they are considered in
relation to surrounding operators. Within
the language, however, no rules specify
which of two parenthesized e~ressions,
such as those in the above exarrple, would
be evaluated first.

Priority of Operators
In the evaluation of expressions, priority
of the operators is as folloVlS:

**
* /

prefix+

infix+

(highest)

prefix-

The value of A would be converted to
fixed-point binary, and the addition would
be performed, yielding a fixed-point binary
result (result 1). The value of C would be
converted to a-bit string (if valid for
such conversion) and the "and" operation
would be performed.
At this point, the expression would have
been reduced to:

infix-

II

< .... < <_._.

.... =

>=

>

result_2 would be converted to binary, and
the algebraic comparison would be
performed, yielding the bit-string result
of the entire expression.

v

&

(lowest)
If two or more operators of the highest
priority appear in the same expression, the
order of evaluation of those operators is
from right to left; that is, the rightmost
exponentiation or prefix operator is
evaluated first. Each succeeding
exponenti.ation or prefix operator to the
left has the next highest priority.
For all other operators, if two or more
operators of the same priority appear in
the same expression, the order or priority
of those operators is from left to right.
Notei:hat the order of evalua,.t.ion of the
expression in the assignment statement:
RESULT

=

A + B < C & 0;

is the rE?sult of the priority of the
operators. It is as if various elements of
the exprE~ssion were enclosed in parentheses

The priority of operators is defined
only within operands (or sub-operands). It
does not necessarily hold true for an
entire expression. consider the following
example:
A + (B < C)

& (0 I I E

**

F)

The priority of the operators specifies, in
this case" only that the exponentiation
will occur before the concatenation. It
does not specify the order of the operation
in relation to the evaluation of the other
operand (A + (B < C».
Any operational expression (except a
prefix expression) must eventually be
reduced to a single infix operation. The
operands and operator of that operation
determine the attributes of the result of
the entire expression. For instance, in
the first example of combining operations
(which contains no parentheses), the "and"

Chapter 4:

Expressions and Data Conversion

41

operator is the operator of the final infix
operation; in this case, the result of
evaluation of the expression is a bit
string of length 4.
In the second example
(because of the use of parentheses), the
operator of the final infix operation is
the comparison operator, and the eval uation
yields a bit string of length 1.
In general, unless parentheses are used
within -the expression, the operator of
lowest priority determines the operands of
the final operation. For example:
A ,~ B

**

II

3

C

*

D -

E

In this case, the concatenation operator
indicates that the final operation will be:
(A

**

+ B

3)

II

(C

*

D -

E)

The evaluation will yield a characterstring result.
subexpressions can be analyzed in the
same way. The two operands of the
expression can be defined as follows:

(C

*

D)

-

E

Function Reference Operands
A.n operand of an expression can be a
constant, an element variable, an array
variable, or a structure variable. An
operand can also be an expression that
represents a value that is the result of a
computation, as shown in the following
assignment statement:
A

=

B

*

SQRT(C);

In this example, the expression SQRT{C)
represents a value that is equal to the
square root of the value of C. Such an
expression is called a function reference.
A function reference consists of a name
and, usually, a parenthesi zed list of one
or more variables, constants, or other
expressions. The name is the name of a
block of code written to perform specific
computa-t:ions upon the data represented by
the list_ and to substi tute the computed
value in place of the function reference.
Assume, in the above example, that C has
the val ue 16. The f unction reference
SQRT(C> causes execution of the code that
would compute the square root of 16 and
replace the function reference with the
value 4. In effect, the assignment
statement would become:
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A

B

*

4;

The code represented by the name in the
function reference is called a function.
The function SQRI' is one of the PL/I
buil t-in ftmctions. Bui It-in functions"
which provide a number of different
operations, are a part of the PL/I
language. A complete discussion of each
appears in section G, "Built-in Functions
and Pseudovariableso" In addition, a
programmer may write functions for other
purposes (as described in chapter 9,
"Subroutines and Functions"), and the names
of those functions can be used in function
references.
The use of a function reference is not
limited to operands of operational
expressions. A function reference is, in
itself, an expression and can be used
wherever an expression is allowed. In
general, it cannot be used in those cases
where a variable represents a receiving
field, such as to the left of an assignment
symbol.
There are, however, several built-in
functions that can be used as
pseudovariables. A pseudovariable is a
built-in function name that is used in a
receiving field.
Consider the following
example:
DECLARE A CHARACTER(10),
B CHARACTER (30) ;
SUBSTR{A,6,S) = SUBSTR(B.o 20,S);
In this assignment statement, the SUBSTR
built-in function name is used both in a
normal ftmction reference and as a
pseudovariable.
The SUBSTR built-in function extracts a
substring of specified length from the
named string. As a pseudovariable, it
indicates the location, within a named
string, that is the receiving field.
In the above example, a substring five
characters in length, beginning with
character 20 of the string B, is to be
assigned to the last five characters of the
string A. That is, the last five
characters of A are to be replaced by
characters 20 through 24 of B. The first
five characters of A remain unchanged, as
do all of the characters of B ..
All the built-in functions that can be
used as pseudovariables are discussed in
section G, "Built-in Functions and
Pseudovariables ." No programrrer-wri tten
function can be used as a pseudovariable.

\ ,/

Attributes of Targets
rhe target of a conversion or expression
operation is the receiving field to which
the result of the conversion or operation
is assigned. This section deals with the
principles of determining attributes of
such targets. Detailed rules are given in
section F, "Data Conversion and Expression
Evaluation. "
In the case of a direct assignment, such
as the statement
A = B;

in which conversion must take place, then
the target is the variable on the left of
the assignment symbol (in this case A).
However, during the evaluation of an
expression, targets are frequently
temporary storage locations created by the
compiler.
consider the following example:
DECLARE A CHARACTER ( 8) ,
B FIXED DECIMAL(3,2),
C FIXED BINARY(lO);
A = B + C;
During the evaluation of the expression B+C
and during the assignment of that result,
there are four different targets, as
follows:
1.

The compiler-created temporary to
which the converted binary equivalent
of B is assigned.

2.

The compiler-created temporary to
which the binary result of the
addition is assigned.

3.

The compiler-created temporary to
which the converted decimal fixedpoint equivalent of the binary result
is assigned.

4.

A, the final destination of the
result, to which the converted
character-string equi valent of the
decimal fixed-point representation of
the value is assigned.

The attributes of the first target are
determined from the attributes of the
source (B), from the operator, and from the
attributes of the other operand (if one
operand of an arithmetic infix operator is
binary, t.he other is converted to binary
before e~aluation). The attributes of the
second target are determined from the
attributes of the source (C and the
converted representation of B).
The
attributes of the third target are
determined in part from the source (the

second target) and in part from the
attributes of the eventual target (A).
(The only attribute determined from the
eventual target is DECIMAL, since a binary
arithmetic representation must be converted
to decimal representation before it can be
converted to a character str ing.) The
attributes of the fourth target (A) are
known from the DECLARE statement.
When an expression is evaluated, the
target attributes usually are partly
derived from the source, partly from the
operation being performed, and partly from
the attributes of a second operand. Some
assumptions may be made, and some
implementation restrictions (for example,
maximum precision) and conventions exist.
After an expression is evaluated, the
result may be further converted. In this
case, the target attributes usually are
independent of the source.
A conversion always involves a source
data item and a target data item., that is"
the original representation of the value
and the converted representation of the
value. All of the attributes of both the
source data item and the target data item
are known., or supplied by default, at
compile time.
It is possible for a conversion to
involve intermediate results whose
attributes may depend upon the source
value,.
For exarrple, convers ion from
character string to arithmetic may require
an intermediate conversion and, thus, an
intermediate result, before final
conversion is completed. The final target
attributes in such cases, however, are
always determined from the source data item
and are independent of the values of
variables.
It should be realized that constants
also have attributes; the constant 1.0 is
different from the constants l~ 'liB, '1',
lB, or lEO. Under the optimizing compiler,
constants may be converted at compile time
as well as at execution time, but in all
cases, the rules are the same.

Array Expressions
An array expression is a single array
variable or an expression that includes at
least one array operand. Array expressions
may also include operators (both prefix and
infix), element variables, and constants.
Evaluation of an array expression yields
an array result. All operations performed
on arrays are performed on an element-byelement basis, in row-major order.
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Therefore, all arrays referred to in an
array expression must have the same number
of dimensions, and each dimension must be
of identical bounds.
Although comparison operators are valid
for use with array operands., an array
operand cannot appear in the IF clause of
an IF s·t:.a tement.
Only an element
expression is valid in the IF clause, since
the IF statement tests a single true or
false result.
However, the equality of two
arrays of string data can be tested by
using the STRING built-in function and
pseudovariable to produce two element
values.
For example:
DECLARE (A,B)

(10) CHAR(5);

IF STRINGCA) = STRING(B) THEN •••
Note: Array expressions are not generally
expressions of conventional matrix algebra.

identical to the original array" each
element of which is the result of the
operation performed upon the corresponding
element of the original array and the
single element. For example:
If A is the array

then A*3 is the array

5

10

8

12

11

3

15

30

24

36

33

9

The element of an array-element
operation can be an element of the same
array.
For example, the expression
A*A(2,3) would give the same result in the
case of the array A above, since the value
of A (2,3) is 3.
Consider the following assignment
statement:
A

=A

* AC1,2);

Again, using the above values for A, the
newly assigned value of A would be:
PREFIX OPERATORS AND ARRAYS
50
rhe result of the operation of a prefix
operator on an array is an array of
i1entical bounds, each element of which is
the result of the operation having been
performed upon each element of the original
array. For example:
If A is the array

then -A is the array

5

3

-9

1

2

7

6

3

-4

-5

-3

9

-1

-2

-7

-6

-3

4

INFIX OPERATORS AND ARRAYS
Infix operations that include an array
variable as one operand may have an
element, another array, or a structure as
the other operand.

Arr ay-and-Element Operations
The result of an operation in which an
element and an array are connected by an
infix operator is an array with bounds
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100

800

1200 1100 300
Note that the original value for AC1,2),
which is 10, is used in the evaluation for
only the first two elements of A. Since
the result of the expression is assigned to
A" changing the value of A, the new value
of A(1,2) is used for all subsequent
operations. The first two elements are
multiplied by 10, the original value of
AC1,2); all other elements are multiplied
by 100, the new value of A(1~2).

Array-and-Array Operations
If two arrays are connected by an infix
operator, the two arrays must be of
identical bounds. The result is an array
with bounds identical to those of the
original arrays; the operation is performed
upon the corresponding elements of the two
original arrays.
Note that the arrays must have the same
number of dimensions, and corresponding
dimensions must have identical lower bounds
and identical upper bounds. For example"
the bounds of an array declared X(10,6) are
not identical to the bounds of an array
declared Y(2:11,3:8) although the extents
are the same for corresponding dimensions,
and the number of elements is the same.
Examples of array infix expressions are:

If A is the array

2

4

3

6

1

7

4

8

2

1

5

7

8

3

4

6

3

1

3

9

10

14

4

11

10

11

3

2

20

21

48

3

28

24

24

2

and if B is the array

then A+B is the array

and A* B is the array

arithmetic operations,.
The rules for
combining operations and for data
conversion of operands are the same as
those for element operations.

Structure Expressions
A structure expression is a single
structure variable or an expression that
includes at least one structure operand and
does not contain an array operand. Element
variables and constants can be operands of
a structure expression. Evaluation of a
structure expression yields a structure
result. A structure operand can be a major
structure name or a minor structure name.

Array-and-structure Operations

Although comparison operators are valid
for use with structure operands, a
structure operand cannot appear in the IF
clause of an IF statement. Only an element
expression is valid in the IF clause, since
the IF statement tests a single true or
false result.

The result of an operation in which an
array and structure are connected by an
infix operator is an array of structures
with bounds identical to the array and
structuring identical to the structure.

All operations performed on structures
are performed on an element-by-element
basis. Except in a BY NAME assignment (see
below), all structure variables appearing
in a structure expression must have
identical structuring.

For example, given the following
declaration:
DECLARE 1 A, 2 B,

Identical structuring means that the
structures must have the same minor
structuring and the same number of
contained elements and arrays and that the
positioning of the elements and arrays
within the structure Cand within the minor
structures if any) must be the same.
Arrays in corresponding positions must have
identical bounds. Names do not have to be
the same. Data types of corresponding
elements do not have to be the same, so
long as valid conversion can be performed.

2 C,

X (2) ,

Y(2) LIKE A:
the assignment statement:
Y = X + A:
is valid.

This is equivalent to:
Y. B (1)
Y.C(l)
Y. B (2)
Y.C(2)

=
=
=
=

X(l)
X(1)
XC 2)
X (2)

+ A.B:

+ A.C;
+ A.B;
+ A.C;

PREFIX OPERATORS AND STRUCTURES

If the structure has a dimension attribute
on the level 1 name, the operation becomes
an array-and-array operation.
If the array
elements are structures, the rules about
identical structuring given under
"Structure Expressions" apply to the array
elements and the structure.

The result of the operation of a prefix
operator on a structure is a structure of
identical structuring, each element of
which is the result of the operation having
been performed upon each elerrent of the
original structure.

Data Conversion in Array Expressions

Note: Since structures may contain
elements of many different data types, a
prefix operation in a structure expression
would be meaningless unless the operation
can be validly performed upon every element
represented by the structure variable,
which is either a major structure name or a
minor structure name.

The examples in this discussion of array
expressions have shown only single
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1 M,
2 N,
3 0,
3 P,
3 Q,
2 R,
3 S,
3 T,
3 U;

INFIX OPERATORS AND STRUCTURES
Infix operations that include a structure
variable as one operand may have an element
or another structure as the other operand.
Structure operands in a structure
expression need not be major structure
names.
A minor structure name, at any
level, is a structure variable. Thus, if
M.N is a minor structure in the major
structure M, the following is a structure
expression:
M.N & 'IOIO'B

then A

II M is equivalent to:
A.C
A.D
A.E
A.G
A.H
A.I

II
II
II
II
II
II

M.O
M.P
M.Q
M.S
M.T

M.U

structure-and-Element Operations
Structure
When an operation has one structure and one
element operand, i t is the same as a series
of operations, one for each element in the
structure.
Each sub-operation involves a
structure element and the single element.
Consider the
I

foll~'ing

structure:

A,
2 B,
3 C,

Assignrnen~

BY NAME

One exception to the rule that operands of
a structure expression must have the same
structuring is the case in which the
structure expression appears in an
assignment statement with the BY NAME
option.
The BY NAME appears at the end of a
structure assignment statement and is
preceded by a corr,rna..
Examples are shown
below.

3 D,
3 E,

2F,

consider the following structures and
assignment statements:

3 G,

3 H,
3 I;
If X is an element variable, then A
equivalent to:
A.C
A.D
A.E
A.G
A.H
A.I

*
*
*
*
*
*

*

X is

X
X
X
X
X
X

lONE,
I TWO,
I THREE,
2 PARTI,
2 PARTI,
2 PARTI,
3 RED,
3 BLUE,
3 RED,
3 ORANGE,
3 GREEN,
3 BLUE,
2 PART2,
3 RED,
3 BROWN,
3 YELLOW,
2 PART2,
2 PARI'2,
3 BLUE,
3 BROWN,
3 YELLOW,
3 GREEN;
3 YELLOW;
3 GREEN;
ONE = TWO, BY NAME;
ONE.PARTI
THREE.PARTI, BY NAME;
ONE = TWO + THREE, BY NAME;
The first assignment statement would be the
same as the following:
ONE. PARTI. RED

§tru.E!:~.:re-and-Structure

=

TWO. PARTI. RED;

operations
ONE.PART2.YELLOW = TWO.PART2.YELLOW;

When an operation has two structure
operands, i t is the same as a series of
element operations, one for each
corresponding pair of elements.
For
example, if A is the structure shown in the
previous example and if M is the following
structure:
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The second assignment statement would be
the same as the following:
ONE.PARTI.RED

=

THREE.PARTI.RED;

The third assignment statement would be the
same as the following:

ONE. PART1. RED
ONE.PART2.YELLOW

TWO.PART1.RED
+ THREE.PART1.RED;
TWO.PART2.YELLOW
+ THREE.PART2.YELLOW;

The BY NAME option can appear in an
assignment statement only.
it indicates
that assignment of elements of a structure
is to be made only for those elements whose
names are common to both structures.
Except for the highest-level qualifier
specified in the assignment statement, all
qualifying names must be identical.
If an operational expression appears in
an assignment statement with the BY NAME
option, operation and assignment are
performed only upon those elements whose
names have been declared in each of the
structures.
In the third assignment
statement above" no operation is performed
upon ONE. PART 2. GREEN and THREE.PART2.GREEN,
because GREEN does not appear as an
elementa~~ name in PART2 of TWO.

Exceptional Conditions
Three PL/I exceptional conditions may be
raised during conversion of data: SIZE,
:ONVERSION, and STRINGSIZE.
(The concept
of a condition is explained in chapter 14,
"Exceptional Condition Handling and Program
Checkout,'" and the conditions are described
in detail in section H, "On-Conditions.")
The SIZE condition is raised when
significant digits are lost from the lefthand side of an arithmetic value. This can
occur during conversion within an
expression, or upon assigning the result of
an expression.
It is not raised in
conversion to character string or bit
string even if the value is truncated.
It
is raised on conversion to E or F format in
edit-directed output if the field width
specified will not hold the converted value

of the list item. The SIZE condition :i.s
normally disabled, so an interrupt will
occur only if the condition is raised
within the scope of a SIZE prefix (except
that, under the checkout compiler, standard
system action takes place whether or not
the condition is enabled).
The CONVERSION condition is raised when
the source field contains a character that
is invalid for the conversion being
performed.
For example, CONVERSION would
be raised if a character string being
converted to arithmetic contains any
character other than those allowed in
arithmetic constants, or if a character
string that is being converted to bit
contains any character other than 0 and 1.
Each invalid character raises the
CONVERSION condition once, so a single
conversion operation causes several
interrupts if more than one invalid
character is encountered. The CONVERSION
condition is normally enabled, so when the
condition is raised, an interrupt will
occur. It can be disabled by a
NOCONVERSION prefix, in which case an
interrupt will not occur when the condition
is raised.
The STRINGSIZE condition is raised when
a character or bit string is assigned to a
target that is too small to accommodate it.
Characters or bits are truncated from the
right-hand end of the string so as to match
the length of the target.
The STRINGSIZE
condition is normally disabled, so that an
interrupt will occur only within the scope
of a STRINGSIZE condition prefix.
These three conditions may be raised
also during the evaluation of an
expression.
In addition, four other
conditions may be raised:
FIXEDOVERFLOW,
OVERFLOW, UNDERFLOW, and ZERODIVIDE. Note
that FIXEDOVERFLOW and OVERFLOW are raised
when the implementation-defined maximum
precisions are exceeded, not when the
declared precision of a target is exceeded.

Chapter 4:

Expressions and Data Conversion

47

Chapter S: Statement Classification

This chapt.er classifies statements
according to their functions.
statements
in each functional class are listed, the
purpose of each statement is described, and
examples of their use are shown.
A detailed description of each statement
is not included in this chapter but may be
found in section J, "statements."

Classes of Statements
statements can be grouped into the
following classes:
Descriptive
Input./Output
Data Movement and Computational
Program Organization
Storage Control

during execution of the program.

DECLARE AND DEFAULT STATEMENTS
The DECLARE statement is the principal
means of specifying the attributes of a
name. A name used in a program need not
always appear in a DECLARE statement; its
attributes often can be determined by
context. If the attributes are not
explicitly declared and cannot be
determined by context, default rules are
applied. Default rules are either the
standard default rules defined for the
compilers or those defined by the
programmer for a particular program using
the DEFAULT statement.. The combination of
default rules and context determination can
make i t unnecessary, in some cases, to use
a DECLARE statement.
The DEFAULT statement gives the
programmer control over attributes which
are applied by default" for the following:

Control

explicitly declared identifiers

Exception Control

contextually declared identifiers

Preprocessor

implicitly declared identifiers

Diagnostic

descriptors in the ENTRY attribute

rhe names of the classes have been chosen
for descriptive purposes only; apart from
preprocessor statements they have no
fundamental significance in the language.
A statemen.t may be included in more than
one class, since it can have more than one
function.

Descripti ve Statements
When a PL/I program is executed, i t may
manipulate many different kinds of data.
Each data item, except an arithmetic or
string constant, is referred to in the
program by a name. The PL/I language
requires that the properties (or
attributes> of data items referred to must
be known at the time the program is
compiled. There are a few exceptions to
this rule; for non-STATIC items, the bounds
of the dimens ions of arrays" the lengths of
strings, area sizes, initial values, and
some file attributes may be determined

values returned by internal procedures
DECLARE statements may also be an
important part of the documentation of a
program; consequentlyw programmers may make
liberal use of declarations, even when
default attributes apply or when a
contextual declaration is possible.
Because there are no restrictions on the
number of DECLARE statements, different
DECLARE statements can be used for
different groups of names. This can make
modification easier and the interpretation
of diagnostics clearer.

OTHER DESCRIPTIVE STATEMENTS
The OPEN statement allows certain
attributes to be specified for a file
constant and may" therefore, also be
classified as a descriptive statement.
Certain attributes can be specified in an
ALLOCATE statement for a controlled
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variable. The FORMAT statement may be
thought of as describing the layout of data
on an external medium, such as on a page or
an input card.

Input/Output Statements
The principal statements of the
input/output class are those that actually
cause a transfer of data between internal
storage and an external medium. Other
input/output statements, which affect such
transfers, may be considered input/output
control statements.

transmitted; in RECORD transrrission, the
record on the external medium is generally
an exact copy of the record as it exists in
internal storage, with no editing or
conversion performed.
As a result of these differences, record
transmission is particularly applicable for
processing large files that are written in
an internal representation, such as in
binary or decimal. Stream transmission may
be used for processing keypunched data and
for producing readable output. where
editing is required.

RECORD TRANSMISSION
Each of the input/output statements is
used with an associated FILE option to
identify a file. The file option specifies
a file expression which can be either a
file constant" a file variable, or a
function reference which returns a file
value.
In the following list, the statements
used when transferring data are grouped
into two subclasses, RECORD I/O and STREAM
I/O:

S~TEMENTS

The READ statement transmits records
directly into internal storage and makes
them available for processing. The WRITE
statement causes records to be transmitted
to the output device. The LOCATE statement
allocates storage for a variable within an
output buffer" sett.ing a pointer to
indicate the location in the buffer, having
previously caused any record already
located in a buffer for this file to be
written out.

RECORD I/O Statements
READ
WRIrE

The REWRITE statement alters existing
records in an UPDATE file.
The DELETE
st atement deletes records in an UPDATE
file.

REWRITE
LOCATE

STREAM TRANSMISSION STATEMENTS

DELETE
S'I'REAM I/O Statements
GET
PUT
I/O Control Statements
OPEN
CLOSE
UNLOCK
An allied statement, discussed with
these statements, is the DISPLAY statement.
There are two important differences
between STREAM transmission and RECORD
transmission.
In STREAM transmission, each
data item is treated individually, whereas
RECORD transmission is concerned with
collections of data items (records) as a
whole.
In STREAM transmission, each item
may be edited and converted as it is
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Only sequential files can be processed with
the GET and PUT statements. Record
boundaries generally are ignored; data is
considered to be a stream of individual
data items, either coming from (GET) or
going to (PUT) the external medium.
The GET and PUT statements may transmit
a list of items in one of three modes:
data-directed, list-directed" or edi tdirected.
In data-directed transmission,
the names of the data items, as well as
their values, are recorded on the external
medium.
In list-di.rected transmission, the
data is recorded externally as a list of
constants', separated by blanks or commas.
In edit-directed transmissio~ the data is
recorded externally as a string of
characters to be treated character by
character according to a format list.
Data-directed transmission is most
useful for reading a relatively small
number of values and for producing selfannotated debugging output.
List-directed
input is suitable for reading in larger

volumes of data punched in free form.
Edit-directed transmission is used wherever
format must be strictly controlled" for
example, in producing reports and for
reading cards punched in a fixed format.

used merely as a means of suspending
program execution until the operator
acknowledges the message.

Note: The GET and PUT statements can also
be used for internal data movement, by
specifying a string name in the STRING
option instead of specifying the FILE
option. Although the facility may be used
for movinq data to and from a buffer, i t is
not actually a part of the input/output
operation ..

Data Movement and Computational
Statements

INPUT/OUTPUT CONTROL STATEMENTS
The OPEN statement associates a file name
with a dat.a set and prepares the data set
for processing.
It may also specify
additional attributes for the file.
An OPEN statement need not always be
written. Execution of any input or output
transmission statement that specifies the
name of an unopened file will result in an
automatic opening of the file before the
data transmission takes place.
The OPEN statement may be used to
specify any file attribute except the
ENVIRONMENT attribute. For a PRINT file,
the length of each printed line and the
number of lines per page can be specified
only in an OPEN statement by the PAGESIZE
and LINESIZE options. The LINESIZE option
can be spE=cified for a non-PRINT OUTPUT
file to determine the length of the
physical blocks transmitted to a device.
The OPEN statement can also be used to
specify a name (in the TITLE option) other
than a file name, as a link between the
data set and the file.
The CLOSE statement dissociates a data
set from a file.
All files are closed at
termination of a program, so a CLOSE
statement is not always required.

Internal data movement involves the
assignment of the value of an expression to
a specified variable. The expre~sion may
be a constant or a variable, or it may be
an expression that specifies computations
to be made.
The most commonly used statement for
internal data movement, as well as for
specifying computations, is the assignment
statement. The GET and PUT statements with
the STRING option can also be used for
internal data movement. The PUT statement
can, in addition, specify computations to
be made.

ASSIGNMENT STATEMENT
The assignment statement, which has no
keyword, is identified by the assignment
symbol (=).
It generally takes one of the
two forms illustrated by the following
examples:
NTOT=TOT;
AV=(AV*NUM+TAV*TNUM)/(NUM+TNUM);
The first form can be used purely for
internal data movement. The value of the
variable (or constant) to the right of the
assignment symbol is to be assigned to the
variable to the left. The ,second form
includes an operational expression whose
value is to be assigned to the variable to
the left of the assignment symbol. The
second form specifies computations to be
made, as well as data movement.

The UNl:"OCK statement releases, for use
by other tasks, a record which has
restricted access because it is associated
with an EXCLUSIVE file.

Since the attributes of the variable on
the left may differ from the attributes of
the result of the expression (or of the
variable or constant), the assignment
statement can also be used for conversion
and edi tinge

DISPLAY STATEMENT

The variable on the left may be the name
of an array or a structure; the expression
on the right may yield an array or
structure value. Thus the assignment
statement can be used to move aggregates of
data, as well as single items.

The DISPLAY statement is used to write
messages on the console, usually to the
operator.~
It may also be used, with the
REPLY option, to allow the operator to
communicate with the program by typing in a
code or a message. The REPLY option may be

Multiple Assignment: The values of the
expression in an assignment statement can
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be assigned to more than one variable in a
statement of the following form:
A, X

=B

+ C;

Such a statement is executed in exactly the
same way as a single assignment, except
that the value of B + C is assigned to both
A and X.
In general, it has the same
effect as if the following two statements
had been written:
A

B + C;

X

B + C;

Note:
If multiple assignment is used for a
structure assignment BY NAME, the
elementary names affected will be only
those that are common to all of the
structures referred to in the statement.

Program Organization Statements
The program organization statements are
those statements used to delimit sections
of a program into blocks and to manipulate
these blocks.
These statements are the
PROCEDURE statement, the END statement, the
ENTRY statement, the BEGIN statement, the
FETCH statement, and the RELEASE statement.
Proper division of a program into blocks
simplifies the writing and testing of the
program, particularly when a number of
programmers are co-operating in writing a
single program.
It may also result in more
efficient use of storage, since dynamic
storage of the automatic class is allocated
on entry to the block in which it is
declared.

otherwise specified) as local definitions
of names. Such definitions are not known
outside their own block, and the names
cannot be referred to in the containing
procedure. storage associated with these
names is generally allocated upon entry to
the block in which such a narr.e is defined,
and it is freed upon exit from the block.
The sequence of statements defined by a
procedure can be executed at any point at
which the procedure name is known. This
execution can be either synchronous (that
is, the execution of the invoking procedure
is suspended until control is returned to
it) or asynchronous (that is, execution of
the invoking procedure proceeds
concurrently with that of the invoked
procedure); for details of asynchronous
operation, see chapter 17, "Multitasking."
A procedure is invoked either by a CALL
statement or by the appearance of its name
in an expression" in which case the
procedure is called a function reference.
A function reference causes a value to be
calculated and returned to the function
reference for use in the evaluation of the
expression. A function procedure cannot be
executed asynchronously with the invoking
procedure.
Communication be-tween two procedures is
by means of arguments passed from an
invoking procedure -to the invoked
procedure, by a value returned from an
invoked procedure, and by names known
within both procedures. A procedure may
therefore operate upon different data when
it is invoked from different points. A
value is returned from a function procedure
to a function reference by means of the
RETURN statement.

ENTRY STATEMENT
PROCEDURE STATEMENT
The ENTRY statement is used to provide

I another possible entry point to a procedure
The principal function of a procedure
block, which is delimited by a PROCEDURE
statement and an associated END statement,
is to define a sequence of operations to be
performed upon specified data.
This
sequence of operations is given a name (the
label of the PROCEDURE statement) and can
be invoked from any point at which the name
is known.
Every program must have at least one
PROCEDURE statement and one END statement.
A program may consist of a number of
separately written procedures linked
together.
A procedure may also contain
other procedures nested within it. These
internal procedures may contain
declarations that are treated (unless
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land, possibly, another parameter list to
which arguments can be passed,
corresponding to that entry point.
Note: It is important to distinguish
between the ENTRY statement, which
specifies an entry to the procedure in
which it occurs, and the ENTRY attribute.
The ENTRY attribute is considered in
chapter 9, in "Subroutines and Functions."

BEGIN STATEMENl'
Local definitions of names can also be made
within begin blocks, which are delimited by

a BEGIN statement and an associated END
statement,. The BEGIN and END statements
specify that the statements contained
between them are to be considered as an
entity for the purpose of flow of control.
Begin blocks are executed in the normal
flow of a program. One of the most common
uses of a begin block is as the on-unit of
an ON statement, in which case it is not
executed through normal flow of control,
but only l~on occurrence of the specified
conqition..
It is also useful for
delimitinq a section of a program in which
some automatic storage is to be allocated.
Each bl~gin block must be nested wi thin a
procedure or another begin block.

END STATEMENT
rhe END statement is used to signify the
end of a block or group.
Every block or
group must have an END statement. However,
the END statement may be explicit or
implicit; a single END statement can be
applied to a number of nested blocks and
groups by the inclusion of the label of the
containinq block or group after the keyword
END. The other END statements are then
implied by the one containing the label"
and need not be given explicitly. If no
label follows END, the statement applies to
only on~ qroup or block.
Execution of an END statement for a
block terminates the block.
However, it is
not. the only means of terminating a block,
even thouqh each block must have an END
statement.,
For example, a procedure can be
terminated by execution of a RETURN
statement (see "Control statements").
The effect of execution of an END
statement for a group depends on whether or
not the group is iterative (see "Control
Statements").
If the group is iterative,
execution of the END statement causes
control to return to the beginning of the
group until all iterations are complete,
unless control is passed out of the group
before then.
If the group is noniterative,
the END statement merely delimits the group
(to enabl~~ the group to be treated as a
single unit in the logic of the program),
and control passes to the next statement.

FETCH AND RELEASE STATEMENTS
rhe FETCH
auxiliary
it may be
statement

statement copies a procedure from
storage into main storage so that
invoked, for instance by a CALL
later in the program.
The

RELEASE statement frees main storaqe thus
allocated. If a procedure" sentry - name
appears in a FETCH sta,tement" then, even if
this FETCH statement is never executed, the
invoking statement will load the procedure
before attempting to initiate its
execution. Also, if the procedure's name
appears in a RELEASE statement, but there
is no FETCH statement in the invoking
procedure, invocation wi 11 cause the
loading of the invoked procedure.

Storage Control Statements
As with many other conventions in PL/I, the
conventions concerning storage allocation
may be overridden by the programmer.
storage for variables is generally given
the storage class AUTOMATIC by default,
which means that the storage remains
allocated from the time the procedure is
activated until it is terminated.
Alternatives to the AUTOMATIC attribute
that may be chosen by the programmer are
STATIC, in which case storage is allocated
for the duration of the entire program, and
CONTROLLED or BASED, in which case the
storage can be allocated to the variable
and freed under the control of the
programmer, using the ALLOCATE and FREE
statements.

ALLOCATE AND FREE STATEMENTS
The ALLOCATE statement is used to assign
storage to controlled and based data,
independent of procedure block boundaries.
The bounds of controlled arrays, the
lengths of controlled strings~ and the size
of controlled areas, as well as their
initial values" may also be specified at
the time the ALLOCATE statement is
executed. The FREE statement is used to
free preViously-allocated controlled and
based storage when i t is no longer
required.

Control Statements
Statements in a PL/I program;, in general,
are executed sequentially unless the flow
of control is modified by the occurrence of
an interrupt or the execution of one of the
following control statements:
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GO TO
IE'

DO

execution of the THEN clause., the ELSE
clause is not executed, and execution
continues with the next statement. Note
that the THEN clause can contain a GO TO
statement or some other control statement
that would result in a different transfer
of control.

CALL
RE:TURN

END

If the comparison is
ELSE clause is executed.
continues normally.

false~

only the
Control then

S'l?OP
The IF statement might be as follows:
EXIT
IF A

=

B

HALT
THEN C = D:
ELSE C

E:

GO TO STATEMENT
The GO TO statement is used as an
unconditional branch.
If the destination
of the GO TO is specified by a label
variable, it may then be used as a switch
by assigning label constants, as values, to
the label variable.
If the label variable is subscripted,
the switch may be controlled by varying the
subscript. The destination of a GO TO
statement can also be specified by a
function reference that returns a label
value. By using label variables or
function references, quite subtle switching
can be effected. It is usually true,
however, that simple control statements are
the most efficient.
The keyword of the GO TO statement may
be wri·t:ten either as two words separated by
a blank or blanks, or as a single word,
GOTO.

If A is equal to B/, the value of D is
assigned to C, and the ELS E clause is not
executed.
If A is not equal to B, the THEN
clause is not executed, and the value of E
is assigned to C.
Either the THEN clause or the ELSE
clause can contain a control statement that
causes a branch" either conditional or
unconditional.
If the THEN clause contains
a GO TO statement, for example, there is no
need to specify an ELSE clause. Consider
the following example:
IF A = B
THEN GO TO LABEL_l:
next-statement
If A is equal to B" the GO TO statement of
the THEN clause causes an unconditional
branch to LABEL_i. If A is not equal to B,
the THEN clause is not executed and control
passes to the next statement, whether or
not i t is an ELSE clause associated with
the IF statement.

IF STATEMENT
The IF statement provides the most common
conditional branch and is usually used with
a simple comparison expression following
the wOl:.-d IF.
For exampl e:
IF' A = B

THEN action-if-true
ELSE action-if-false
THEN or an ELSE cIa use consists of
either a single or compound statement, a
do-group (see "DO Sta tement" be low), or a
begin block.
If the comparison is true"
the THEN clause is executed. After
A
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Note:
If the THEN clause does not cause a
transfer of control and if it is not
followed by an ELSE clause, the next
statement will be executed whether or not
the THEN clause is executed.
The expression following the IF keyword
can be only an element expression: i t
cannot be an array or structure expression.
It can, however" be a logical expression
with more than one operator.
For example:
IF A = B & C = D
THEN GO TO R:
The same kind of test could be made with
nested IF statements. The following three
examples are equivalent:

Example 1"
IF A = B & C = 0
THEN GO TO R;

=B

B

Example

+ 1;

DO WHILE (A = B);

2~

IF A = B
THEN IF C = D
THEN GO TO R;
B = 13 + 1;

This statement, heading a group, causes the
group to be executed repeatedly so long as
the value of A remains equal to the value
of B.
The WHILE option can be combined with a
control variable of the form:

Example 3 :
IF A .... = B THEN GO TO S;
IF C .... = 0 THEN GO TO S;
GO TO R;
B = B + 1·,

S:

The DO statement can also be used with
the WHILE option and no control variable,
as follows:

DO I

=1

TO 10 WHILE (A

= B);

This statement specifies two tests. Each
time that I is incremented, a test is made
to see that I has not exceeded 10. An
additional test then is made to see that A
is equal to B.
Only if both conditions are
satisfied will the statements of the group
be executed.

DO STATEMENT
The most Gommon use of the DO statement is
to specify that a group of statements is to
be executed a stated number of times while
a control variable is incremented each time
thr~)Ugh the loop.
Such a group might take
the form:
DO I

1 TO 10;

END;
rhe statements to be executed iteratively
must be delimited by the DO statement and
an associa.ted END statement.
In this case,
the group of statements will be executed
ten times" while the value of the control
variable I ranges from 1 through 10.
The
effect of the DO and END statements would
be the same as the following:

I = 1;
A: IF I > 10 THEN GO TO B;

I

I + 1;

GO TO A;
B: next statement
Note that the increment is made before the
control va.riable is tested and that, in
general, control goes to the statement
following the group only when the value of
the control variable exceeds the limit set
in the DO statement.
If a reference is
made to a control variable after the last
iteration is completed, the value of the
variable will be one increment beyond the
specified limit.

More than one specification can be
included in a single DO statement.
Consider each of the following DO
statements:
DO I
DO I

1 TO 10, 13 TO 15;

DO I

1 TO 10, 11 WHILE (A

=

B);

The first statement specifies that the
do-group is executed once only with the
value of I set equal to the value of J, and
once only with the val ue of I set equal to
the val ue of K.
The second statement specifies that the dogroup is to be executed a total of thirteen
times, ten times wi th the va lue of I equal
to 1 through 10, and three times wi th the
value of I equal to 13 through 15. The
third DO statement specifies that the group
is to be executed at least ten times, and
then (provided that A is equal to B) once
more; if "BY 0" were inserted after "11",
execution would continue with I set to 11
as long as A reroained equal to B.
Note
that in both statements a comma is used to
separate the two specifications. This
indicates that a succeeding specification
is to be considered only after the
preceding specification has been satisfied.
The control variable of a DO statement
can be used as a subscript in statements
within the do-group, so that each iteration
deals with successive elements of a table
or array.
For example:
DO I = 1 TO 10;
A(I) = I;
END;
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In this example, the first ten elements of
A are set to 1,2, ••• ,10, respectively.
The increment in the iteration
specification is assumed to be one unless
some other value is stated, as follows:
DO I

=

2 TO 10 BY 2;

rhis specifies that the loop is to be
executed five times, with the value of I
equal to 2, 4~ 6, 8, and 10.

NONITERATIVE DO STATEMENTS
The DO statement need not specify repeated
execution of the statements of a do-group.
A simple DO statement, in conjunction with
a do-group, can be used as follows:
DO;

END;
The use of the simple DO statement in this
manner merely indicates that the do-group
is to be treated logically as a single
statement.
It can be used to specify a
number of statements to be executed in the
rHEN clause or the ELSE clause of an IF
statement, thus maintaining sequential
control without the use of a begin block.

:::ALL, RETURN, AND END STATEMENI'S
A subroutine may be invoked by a CALL
statement that names an entry point of the
subroutine.
When the multitasking
facilities are not in use, control is
returned to the activating, or invoking,
procedure when a RETURN statenent is
executed in the subroutine or when
execution of the END sta tement terminates
the subroutine.
If the CALL statement
contains one of the multitasking options,
TASK, EVENT, or PRIORITY, the subroutine is
executed as a subtask with its own separate
f low of control; in this case, the REI'URN
or END statement merely terminates the
separate flow of control established for
the subtask.
(See chapter 17,
"Mul ti tasking.")
The RETURN statement with a
parenthesized expression is used in a
function procedure to return a valne to a
function reference.
Normal termination of a program occurs
as the result of normal execution of the
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final END statement of the main procedure
or of a RETURN statement in the main
procedure, either of which returns control
to the calling program, which may be the
operating system. Termination of a program
by any other method is abnormal.
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STOP AND EXIT STATEMENTS
The STOP and EXIT s·tatanents are both used
to cause abnormal termination. The STOP
statement terminates execution of the
entire program, including all concurrent
tasks. The EXIT statanent terminates only
the task that execu·tes it, together with
any attached tasks.
(S ee chapter 1 7.,
"Multi tasking. ")

HALT STATEMENI'
The HALT statement is effective only in
conversational processing; in batch
processing it is a null operation. When
included in a source program, it causes
program execution to be suspended and
control passed to the terminal.

Exception Control Sta temen ts
The control statements, discussed in the
preceding section, alter the flow of
control whenever they are executed.
Another way in which the sequence of
execution can be al·tered is by the
occurrence of a program interrupt caused by
an exceptional condition that arises.
In general, an exceptional condition is
the occurrence of an unexpected action,
such as an overflow error, or of an
expected action, such as an end of file,
that occurs at an unpredictable time. A
detailed discussion of the handling of
these conditions appears in chapter 14,
"Exceptional condition Handling and Program
Checkout. "
The three exception control statements
are the ON statement, the REVERT statement.,
and the SIGNAL statement.

ON STATEMENT
The ON statement is used to specify action
to be taken when any SUbsequent occurrence
of a specified condi tion causes a p'rogram

interrupt..

ON statements may specify
action for any of a number of
different conditions. For all of these
condi tions, a standard system action exists
as a part of PL/I, and if no ON statement
is in force at the time an interrupt
occurs, the standard system action will
take place.
For most conditions, the
standard system action is to print a
message and take action which usually leads
to termination of execution.
particula~

unit that was in effect in the activating
block at the time the current block was
invoked.

SIGNAL STATEMENT
The ON statement takes the form:
ON condition[SNAP]

{SYSTEM; I on-unit}

The "condition" is one of those listed in
section H,,, "On-Condi tions." The "on-unit"
is a single statement or a begin block that
specifies action to be taken when that
condition arises and an interrupt occurs.
For example:
ON ENDFILE(DETAIL) GO TO NEXT_MASTER;
This statement specifies that when an
interrupt occurs as the result of trying to
read beyond the end of the file named
DETAIL, control is to be transferred to the
statement labeled NEXT_MASTER.

The SIGNAL statement simulates the
occurrence of an interrupt for a named
condi tion.
It can be used to test the
coding of the on-unit established by
execution of an ON statement. For example:
SIGNAL OVERFLOW;
This statement would simulate the
occurrence of an overflow interrupt and
would cause execution of the on-unit
established for the OVERFLOW condition. If
an on-unit has not been established,
standard system action for the condition is
performed.
In most cases, the standard
system action is the same as for when the
on-unit is entered following an interrupt.

When execution of an on-unit is
successfully completed, control will
normally return to the point of the
interrupt or to a point immediately
following it, depending upon the condition
that caused the interrupt.
The effect of an ON statement, the
establish:ment of the on-unit, can be
changed within a block (1) by execution of
another ON statement naming the same
condition with either another on-unit or
the word SYSTEM, which re-establishes
standard system action, or (2) by the
execution of a REVERT statement naming that
condition. On-units in effect at the time
another block is activated remain in effect
in the activated block, and in other blocks
activated by it, unless another ON
statement for the same condition is
executed. When control returns to an
activating block, on-units are reestablished as they existed.

REVERT STATEMENT
The REVERT statement is used to cancel the
effect of all ON statements for the same
condition that have been executed in the
block in which the REVERT statement
appears.
The REVERT statement" which must specify
the condition name, re-establishes the on-

Preprocessor Statements
PL/I allows a degree of control over the
contents of the source program during the
compilation. The programmer can specify,
for example, that any identifier appearing
in the source program will be changed; he
can select parts of the program to be
compiled without the rest; he can include
text from an external source. These
operations are performed by the
preprocessor stage of the compiler, and are
specified by preprocessor statements that
appear among the other staterrents within
the source program itself.
In general" preprocessor statements are
identified by a leading percent symbol
before the keyword; several of them have
the same keywords as standard PL/I
statements, and these have a similar effect
at compile time to that of their
counterparts at execution time.
The complete list of preprocessor
statements is as follows:
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%ACTIVATE

%GO TO

%assignment

%IF

%DEACTIVATE

%INCLUDE

%DECLARE

"NULL

%DO

%PROCEDURE

%END

preprocessor
RETURN

rhese statements are discussed in chapter
16, "Compile-Time Facilities" and in
section J, "statements."

Listing Control Statements
rhere are three statements that allow the
programmer to control the format of the
listing of his program. The statements
are:
"PAGE
"SKIP
"CONTROL
rhey are described in chapter 16, "Compiletime Facilities."
Although they have the initial percent
symbol, these statements do not require the
use of the preprocessor.

Diagnc)stic Statements
A program processed by the PL/I checkout
compiler can include statements that
provide a considerable amount of diagnostic
information during execution. These
sta temen ts:
1.

Control a continuing output of
diagnostic information throughout
execution:
CHECKINOCHECK statement
FLOWINOFLOW statement

2.

Produce diagnostic information at
specific points during execution:
PUT statement with one of the
options:
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LIST
DATA
EDIT
SNAP
FLOW
A.LL
With the exception of a PUT statement with
the LIST, DATA, or EDIT option, none of
these statements provide diagnostic
information when processed by the PL/I
optimizing compiler. This compiler checks
these statements for syntax and then
ignores them; there is no output.
In
addition, the implementation of a PUT
statement with the LIST or DATA option by
the optimizing compiler is different from
that of the checkout compiler. The
checkout compiler implements such a
statement by producing inforrration about
problem and program-control variables; the
optimizing compiler produces information
about problem variables only.

CHECK AND NOCHECK STATEMENTS
When a CHECK statement is executed,
information about the variables specified
or assumed is put out whenever these
variables occur in pre-defined situations.
This continues to the end of program
execution or until ·the CHECK statement is
overridden by a NOCHECK statement.
The execution of a CHECK statement that
specifies or assumes a particular
identifier has the same result as if the
CHECK condition has been enabled for every
block in which the identifier is known.
This applies to all such blocks in the
current compilation and to all separately
compiled blocks in which the identifier is
known and which are active at the same time
as the current block.
Information is put out for label and
entry constants and for all variables.
It
comprises:
1.

Problem variables:
Name and value

2.

Constants and program-control
variables:
Name" and, under the checkout
compiler, details of the current
situation of the constant or
variable. For example, the
details for a file variable
include whether the file is open
or closed.
The NOCHECK statement prevents output of

CHECK information for the specified or
assumed variables.

LIST, DATA or EDIT
The name of the variable appears if DATA
is used. The remaining output is:

FLOW AND NOFLOW STATEMENTS
Problem variables:
Execution of a FLOW statement results in
information being put out at every transfer
of control within the current task during
execution.. This continues to the end of
program execution or until a NOFL&
statement is executed.
At each transfer of control w the
information put out comprises the statement
number of the statement that caused the
transfer of control w and the statement
number of the statement that received
control at that transfer.
The NOFLOW statement prevents the output
of FLOW information a t a transfer of
control.

Value

Program-control variables (LIST and
DATA only>: Current situation of the
variable
SNAP
The current statement number and a list
of the procedures currently active.
FLOO
The same information as for the FLOW
statement, for the last n transfers of
control. The value of ~-is specified in
a compiler option.
ALL

PUT STATEMENTS
When a PUT statement is executed, the
output comprises:

Information about all the variables in
the program, together with the
information provided by the SNAP and
FLOW options" and the values of the ON
buil t-in functions.. Options may be
specified to limit the output.
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Chapter 6: Program Organization

This chapter discusses how statements can
be organized into blocks to form a PL/I
program, how control flows within a program
from one block of statements to another,
and how storage may be allocated for data
within a block of statements. The
discussion in this chapter does not
completely cover multitasking, which is
discussed in detail later.
However, the
aiscussion generally applies to all blocks,
whether or not they are executed
concurrently.

A:

READIN:

PROCEDURE;
statement-1
statanent- 2

statement-n
END READINi
In general, control is transferred to a
procedure through a reference to the name
(or one of the names) of the procedure.
Thus, the procedure in the above example
would be given control by a reference to
either of its names, A or READIN.
A PL/I program consists of one or more
such procedures, each of which may contain
other procedures and/or begin blocks.

Blocks
A block is a delimited sequence of
statements that constitutes a section of a
program.
It localizes names declared
within the block and limits the allocation
of variables. There are two kinds of
blocks: procedure blocks and begin blocks.
The optimizing compiler will accept a
maximum of 255 blocks in one compilation.
There is no limit for the checkout
compiler.

BEGIN BLOCKS
A begin block is a set of statements headed
by a BEGIN statement and ended by an END
statement" as follows:
[label:] ••• BEGIN;

END [label];
PROCEDURE BLOCKS
A procedure block, simply called a
procedure, is a sequence of statements
headed by a PROCEDURE statement and ended
by an END statement, as follows:
label:

[label:] ••• PROCEDURE;

END [label] ;
All procedures must be named because the
procedure name is the primary point of
entry through which control can be
transferred to a procedure.
Hence, a
PROCEDURE statement must have at least one
label. A. label need not appear after the
keyword END in the END statement, but if
one does appear, it must match the label
(or one of the labels> of the PROCEDURE
statement to which the END statement
corresponds.
(There are exceptions; see
"Use of the END statement", later in this
chapter.) An example of a procedure
follows:

Unlike a procedure block, a label is
optional for a begin block.
If one or more
labels are prefixed to a BEGIN statement,
they serve only to identify the starting
point of the block.
(Control may pass to a
begin block without reference to the name
of that block through normal sequential
execution, although control can be
transferred to a labeled BEGIN statement by
execution of a GO TO statement.) The label
following END is optional.
However, a
label can appear after END, rratching a
label of the corresponding BEGIN statement.
(There are e~eptions; see "Use of the END
Statement", later in this chapter.) An
example of a begin block fo~lows:
B:

CONTROL:

BEGIN;
statement-1
statanent-2

statement-n
END Bi
Unlike procedures, begin blocks
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A:

generally are not given control through
s.pecial references to them. The normal
sequence of control governing ordinary
statement execution also governs the
execution of begin blocks. Control passes
into a begin block sequentially, following
execution of the preceding statement. The
only exception is a begin block used as the
on-unit in an ON statement.
In this case,
the block is executed only upon occurrence
of the specified condition.

Begin blocks are not essential to the
construction of a PL/I program.
However,
there are times when it is advantageous to
use begin blocks to delimit certain areas
of a program.
These advantages are
discussed in this chapter and in chapter 7,
"Recognition of Names."

PROCEDURE:
statement-al
statement-a2
statement-a3
B: BEGIN:
statement-bl
statement-b2
statement-b3
END B:
statement-a4
statement-a5
C: PROCEDURE:
statement-cl
statement-c2
D: BEGIN:
statanent-d1
s·ta tement -d2
statanent- d3
E: PROCED ORE ;
statement-e1
statement-e2
END E:
statement-d4
END D:
END C:

statement-a6
statement-a7
END A;

INTERNAL AND EXTERNAL BLOCKS
Any block can contain one or more blocks.
That is, a procedure, as well as a begin
block, can contain other procedures and
begin blocks.
However, there can be no
overlapping of blocks; a block that
contains another block must totally
encompass that block.

A procedure block that is contained
within another block is called an internal
proced~~e.
A procedure block that is not
contained within another block is called an
external procedure. There must always be
at least one external procedure in a PL/I
program.
(Note: Each external procedure is
compiled separately. Entry names of
external procedures cannot exceed seven
charact.ers. )

Begin blocks are always internal: they
must always be contained within another
block.

Internal procedure and begin blocks can
also be referred to as nested blocks.
Nested blocks, in turn, may have blocks
nested within them, and so on.
The
outermost block must always be a procedure.
Consider the following example:
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In the above example, procedure block A
is an external procedure because it is not
contained in any other block. Block B is a
begin block that is contained in Ai it
contains no other blocks. Block C is an
internal procedure; i t contains begin block
D, Which, in turn, contains internal
procedure E. This example contains three
levels of nesting relative to A: Band C
are at the first level, D is at the second
level (but the first level relative to C)
and E is at the third level (the second
level relative to C, and the first level
relative to D).
Under the optimizing compiler, the
maximum permissible depth of nesting is 50.
There is no limit under the checkout
compiler.

Use of the END Statement
The use of the END statement with a
procedure., begin block, or do-group is
governed by the following rules:
1.

If a label is not used after END, the
END statement closes (that is, ends)
that unclosed block headed by the
BEGIN or PROCEDURE statement, or that
unclosed do-group headed by the DO
statement, that physically precedes,
and appears closest to, the END
statement.

2.

If the optional label is used after

END, the END statement closes that
unclosed block or do-group headed by
the BEGIN" PROCEDURE, or DO statement
that has a matching label, and that
physically precedes, and appears
closest to, the END statement. Any
unclosed blocks or do-groups nested
within such a block or do-group are
automatically closed by this END
statement; this is known as multiple
closure.

Multiple closure is a shorthand method
of specifying a number of consecutive END
statements.
In effect, the compiler
inserts the required number of END
statement.s immediately preceding the END
statement specifying multiple closure. For
example, assume that the following external
procedure has been defined:

FRST: PROCEDURE;
statement-fl
statement-f2
ABLK: BEGIN;
statement-a1
statement-a 2
SCND: PROCEDURE;
statement-s1
statement-s2
BBLK: BEGIN;
statement-b1
statement-b2
END SCND;
statement-a3
END FRST;
Note that a label prefix attached to an END
statement specifying multiple closure is
assumed to apply to the last END statement.
Therefore all intervening groups and blocks
will be terminated if control passes to
such a statement. For example:
CBLK:
DGP:

FRST: PROCEDURE;
statement-f1
statement-f 2
ABLK: BEGIN;
statement-a 1
statement-a2
SCND: PROCEDURE;
sta tement-s1
statement-s2
BBLK:
BEGIN;
statement-b1
statement-b2
END;
END;
statement-a 3
END ABLK;
END FRST;

In this example, begin block BBLK and
internal procedure SCND effectively end in
the same place; that is, there are no
statement.s between the END statements for
each. This is also true for begin block
ABLK and external procedure FRST. In such
cases, it: is not necessary to use an END
statement. for each block, as shown; rather,
one END statement can be used to end BBLK
and SCND, and another END can be used to
end ABLK and FRST. In the first case, the
statement: would be END SCND, because one
END statement with no following label would
c lose only the begin block BBLK (see the
first rule above).
In the second case,
only the statement END FRST is required;
the statement END ABLK is superfluous.
rhus, the example could be specified as
follows:

LBL:

PROCEDURE;
statement-c1
statement-c2
DO I = 1 TO 10;
statement-d1
GO TO LBL;
statement-d2
END CBLK;

In this example, the END CBLK statement
closes the block CBLK and the iterative dogroup DGP. The effect is as if an
unlabeled END statement for DGP appeared
immediately after statement-d2, so that the
transfer to LBL would prevent all but the
first iteration of DGP from taking place,
and statement-d2 would not be executed.

Activation of Blocks
Although the begin block and the procedure
have a physical resemblance and play the
same role in the allocation and freeing of
storage, as well as in delimiting the scope
of names, they differ in the way they are
activated and executed. A begin block,
like a single statement, is activated and
executed in the course of normal sequential
program flow (except when specified as an
on-unit) and, in general, can appear
wherever a single statement can appear.
For a procedure, however, normal sequential
program flow passes around the procedure,
from the statement before the PROCEDURE
statement to the statement after the END
statement of that procedure. The only way
in which a procedure can be activated is by
a procedure reference.
A procedure reference is the appearance
of an entry expression in one of the
following contexts:
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1.

After the keyword CALL in a CALL
statement.

DECLARE ENT1 ENTRY VARIABLE;

2.

After the keyword CALL in the CALL
option of the INITIAL attribute.

ENTl = ERRT;

3.

As a function reference.

CALL ENT1;

This chapter uses examples of the first
of these; the material, however;, is
relevant to the other two forms as well.
For further information, refer to the
discussion of the INITIAL attribute in
section I, "Attributes,n and to chapter 9,
"Subroutines and Functions."
The simplest form of the CALL statement
is:
CALL entry-constant;
If the entry constant is a label of a
PROCEDURE statement it represents the
Eri~!y' entry point to the procedure; if it
is a label of an ENTRY statement it
represents a secondary entry point. The
follONi.ng is an example of a procedure
containing secondary entry points.
A: PROCEDURE;
statement-1
sta tement-2
ERRT: ENTRY;
sta tement-3
st atement- 4
sta tement-5
NEXT: REl'R: ENTRY;
statement-6
statement-7
statement-8
END A;
In this example, A is the primary entry
point t,o the procedure, and ERRT, NEXT, and
RETR specify secondary entry points.
~ctually, since they are both names for the
same ENTRY statement, NEXT and RETR specify
the same secondary entry point.
The
procedure may be activated by one of the
following statements:
CALL
CALL
CALL
CALL

A;
ERRT;
NEXT;
RETR;

Alternatively, the appropriate entry
name value could be assigned to an entry
variable, and this entry variable could be
used in the procedure reference.
In the
following example, the two CALL statements
have the same effect.
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CALL ERRT;

When a procedure reference is executed,
the procedure containing the specified
entry point is activated and is said to be
invoked; control is transferred to the
specified entry point.
(This statement
does not apply when the CALL statement
specifies one of the multitasking options.
See "Multitasking.") The point at which
the procedure reference appears is called
the point of invocation and the block in
which the reference is made is called the
invoking block. An invoking block remains
active even though control is transferred
from i t to the block i t invokes.
Whenever a procedure is invoked at its
primary entry point, execution begins with
the first executable statement in the
invoked procedure. However, when a
procedure is invoked at a secondary entry
point, execution begins with the first
executable statement following the ENTRY
statement that defines that secondary entry
point. Therefore, if all of the numbered
statements in the last example are
executal(le, the statement CALL A would
invoke procedure A at its primary entry
point, and execution would begin with
statement-1; the statement CALL ERRT would
invoke procedure A at the secondary entry
point ERRT, and execution would begin with
statement-3; either of the statements CALL
NEXT or CALL RETR would invoke procedure A
at its other secondary entry point, and
execution would begi n with statement-6.
Note that any ENTRY statements encountered
during sequential flow are never executed;
control flows around the ENTRY statement as
though the statement were a comment.
Any procedure, whether external or
internal, can always invoke an external
procedure, but it cannot always invoke an
internal procedure 'that is contained in
some other procedure. Those internal
procedures that are at the first level of
nesting relative to a containing procedure
can always be invoked by that containing
procedure, or by each other. For example:

PRMAIN: PROCEDURE;
statement-1
statenent- 2
statement-3
A: PROCEDURE;
statement-a1
statement-a2
B: PROCEDURE;
sta tement-b1
sta tement-b2
END A;
statement-4
statement-5
c: PROCEDURE;
statement-c1
statement-c2
END C;
statement-6
statement-7
END PRMAIN;
In this example, PRMAIN can invoke
procedures A and C, but not B; procedure A
can invoke procedures Band C; procedure B
can invoke procedure C; and procedure C can
invoke procedure A but not B.
The foregoing discussion about the
activation of blocks presupposes that a
program has already been activated. A PL/I
program becomes active when a calling
program invokes the initial procedure.
rhis calling program usually is the
operating system, although it could be
another program. The initial procedure,
called the main procedure, must be an
external procedure whose PROCEDURE
statement has the OPTIONS{MAIN)
specification, as shown in the following
example:

•

The initial procedure remains active for
the duration of the program.

•

All activated blocks remain active until
they are terminated (see below).

Termination of Blocks
In general, a procedure block is terminated
by some means other than a procedure
reference, control passes back to the
invoking block or to some other active
block. Similarly, a begin block is
terminated when, by some means other than a
procedure reference, control passes to
another active block. There are a number
of ways by which such transfers of control
can be accomplished, and their
interpretations differ according to the
type of block being terminated.
whe~,

Note that when a block is terminated,
any task attached by that block is
termina ted (see chapter 17"
" Multitasking") •

BEGIN BLOCK TERMINATION
A begin block is terminated when any of the
following occurs:
1.

Control reaches the END statement for
the block. When this occurs., control
moves to the statement physically
following the END, except when the
block is an on-unit.

2.

The execution of a GO TO statement
within the begin block (or any block
activated from within that begin
block) transfers control to a point
not contained within the block.

In this example, CONTRL is the initial
procedure and it invokes other procedures
in the program.

3.

A STOP or EXIT statement is executed
(thereby terminating execution of the
current task and all its subtasks) .•

The following is a summary of what has
been stated or implied about the activation
of blocks:

4.

Control reaches a RETURN statement
that transfers control out of the
begin block and out of its containing
procedure as well.

5.

A procedure within which the begin
block is contained has been attached
as a task, and the attaching block
tenninates •

CONTRL: PROCEDURE OPTIONS{MAIN);
CALL A;
CALL B;
CALL C;
END CONTRL;

•

•

•

A program becones active when the
initial procedure is activated by the
operating system.
Except. for the initial procedure,
extern.al and int~rnal procedures
contai.ned in a program are activated
only when they are invoked by a
procedure reference.
Begin blocks are activated through
normal sequential flow or as on-uni ts.

A GO TO statement of the type described
in item 2 can also cause the termination of
other blocks as follows:
If the transfer point is contained in a
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block t.hat did not directly act ivate the
block being terminated, all intervening
blocks in the activation sequence are
terminated.
.

2.

Control reaches the END statement of
the procedure. Effectively" this is
equivalent to the execution of a
RETURN statement.

For example, if begin block B is
contained in begin block A, then a GO TO
statement in B that transfers control to a
point contained in neither A nor B
effectively terminates both A and B.
This
case is illustrated below:

3.

The execution of a GO TO statement
withih the procedure (or any block
activated from within that procedure)
transfers control to a pOint not
contained within the procedure.

4.

A STOP or EXIT statement is executed
(thereby terminating execution of the
current task and all its subtasks).

5.

The procedure or a containing
procedure has been attached as a task
and the attaching block is terminated.

FRST: PROCEDURE OPTIONS(MAIN):
statement-1
statement-2
statement-3
A: BEGIN;
statement-a 1
statement-a2
B: BEGIN;
statement-b1
statement-b2
GO TO LAB;
statement-b3
END B;
statement-a3
END Ai

LAB:

statement-4
statement-5
statement-6
statement-7
END FRST:

After FRST is invoked, the first three
statements are executed and then begin
block A is activated. The first two
statements in A are executed and then begin
block B is activated (A remaining active).
When the GO TO statement in B is executed,
control passes to statement-6 in FRST.
Since statement-6 is contained in neither A
nor B, both A and B are terminated. Thus,
the transfer of control out of begin block
B results in the termination of intervening
block A as well as termination of block B.

PROCEDURE TERMINATION
A procedure is terminated when one of the
following occurs:
1.
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Control reaches a RETURN statement
within the procedure. rhe execution
of a RETURN statement causes control
to be returned to the point of
invocation in the invoking procedure.
If the point of invocation is a CALL
statement, execution in the invoking
procedure resumes with the statement
following the CALL.
If the point of
invocation is one of the other forms
of procedure references (that is, a
CALL option or a function reference),
execution of the statement containing
the reference will be resumed.
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Items 1 and 2 are normal procedure
terminations; items 3, 4" and 5 are
abnormal procedure terminations.
As with a begin block, the type of
termination described in item 3 can
sometimes result in the termination of
several procedures and/or begin blocks.
Specifically., if the transfer point
specified by the GO TO statement is
contained in a block that did not directly
activate the block being terminated, all
intervening blocks in the activation
sequence are terminated. Consider the
following example:
A: PROCEDURE OPTIONS(MAIN):
statement-1
statement-2
B: BEGIN:
statement-b1
statement-b2
CALL C;
statement-b3
END B:
statement-3
statement-4
C: PROCEDURE:
statement-c1
statement-c2
statement-c3
D: BEGIN;
statement-d1
statement-d2
GO TO LAB:
statement-d3
END D;
statement-c4
END C;
statement- 5
LAB: statement-6
statement-7
END A;

In the above example, A activates B, which
acti va tes C, which acti vates D.
In D, the
statement GO TO LAB transfers control to
statement-6 in A.
Since this statement is
not contained in D, C, or B, all three

blocks are terminated; A remains active.
Thus, the transfer of control out of D
results in the termination of intervening
blocks Band C as well as the termination
of block D.

PROGRAM TERMINATION
~

program is terminated when anyone of the
following occurs:
1.

Control for the program reaches an
EXIT statement in the major task.
This is abnormal termination.

2.

Control for the program reaches a STOP
statement.
(When multitasking is in
operation, the program, that is, the
major task, is terminated when any
task reaches a STOP statement. See
chapter 17, "Multitasking. ") This is
abnormal termination.

3.

Control reaches a RETURN statement or
the final END statement in the main
procedure. This is normal
termination.

4.

The ERROR condition is raised in the
major task and there is no established
on-unit for ERROR and FINISH, or, if
one or both of the conditions has an
established on-unit, on-unit exit is
by normal return, rather than by GO TO
branching. This is abnormal
termination. The program is not
terminated if ERROR is raised by a
SIGNAL ERROR statement inserted by the
checkout compiler in place of a
statement in which an error had been
detected.
In conversational
processing, the ERROR and FINISH
conditions cause control to be passed
to the terminal, and this is regarded
asequi valent to an on-unit being
entered; any statements then entered
in immediate mode are processed as if
in an ERROR or FINISH on-unit.

On termination of a program, whether
normal or abnormal, control is returned to
the calling program (this is usually the
operating system control program).

"Subroutines and Functions", is generally
resident in main storage throughout the
execution of the entire program. If
required, however, a procedure may be
brought into main storage for only as long
as it is required:
the invoked procedure
is dynamically loaded into, and dynamically
deleted from, main storage during execution
of the calling procedure.
Dynamic loading and deletion of
procedures is particularly useful when a
called procedure is not necessar ily invoked
every time the calling procedure is
executed, and when conservation of main
storage is more important than a short
execution time.
The PL/I statements that initiate the
loading and deletion of a procedure are
FETCH and RELEASE. The appearance of an
entry name in a FETCH or RELEASE statement
indicates to the compiler that the
procedure containing an entry point with
that name will need to be fetched into main
storage before it can be executed. When a
FETCH statement is executed, the procedure
is copied from auxiliary storage into main
storage, unless a copy already exists in
main storage. In addition, when a CALL
statement or option or a function reference
is executed, the procedure is copied into
main storage, unless a copy exists already.
Thus, a procedure may be loaded from
auxiliary storage by:
1.

execution of a FETCH statement;

2.

execution of a CALL statement or
option or a function reference,
provided that the name of the entry
point of the procedure appears,
somewhere in the calling procedure, in
a FETCH or RELEASE statement.

In neither case is i t an error if the
procedure has already been fetched into
main storage.
In case 2, it is not
necessary that control should pass through
the FETCH or RELEASE statement" either
before or after execution of the CALL or
function reference.

Dynamic Loading of an External
Procedure

Whichever statement caused the loading
of the fetched procedure, execution of the
CALL statement or option or the function
reference invokes the procedure in the
normal way.

A procedure invoked by a CALL statement or
a CALL option of an INITIAL attribute, as
described in "Activation of Blocks",
earlier i.n this chapter" or by a function
reference, as described in chapter 9,

The fetched procedure may be allowed to
remain in main storage until execution of
the whole program is completed.
Alternatively, the storage it occupies may
be freed for other purposes at any time by
means of the RELEASE statement.
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stream-oriented I/O default files
SYSIN or SYSPRINT, must be passed from
the ca lling procedure.

Consider the following example, in which
PROGA and PROGB are entry names of
procedures resident on auxiliary storage.
PROG:

PROCEDURE;

4.

Storage for STATIC variables in the
fetched procedure is allocated when
the FETCH statement is executed, and
is freed when a corresponding RELEASE
statement is executed.
Each time a
procedure is fetched into main
storage, a STATIC variable either is
given the value specified in an
INITIAL attribute, or, if there is no
INITIAL attribute, is uninitialized.

5.

The FETCH, RELEASE, and CALL
statements must specify entry
constants. Entry variables are not
permitted. Note that an entry
constant may have no more than seven
characters.

6.

Fetched procedures may not fetch
further procedures.

FETCH PROGA;
CALL PROGA;
RELEASE PROGA:

CALL PROGB:
GO TO FIN:
FETCH PROGB:

FIN:

END PR(x;;

PROGA will be loaded into main storage by
the first FETCH statement, and will be
executed when the first CALL statement is
reached; its storage is released when the
RELEASE statement is executed.
PROGB will
be fetched when the second CALL statement
is reached, even though the FETCH statement
referring to this procedure is never
executed, and the same CALL statement will
initiate execution of PROGB.
Note that the
same results would be achieved if the
statement FETCH PROGA: were omitted: the
appearance of PROGA in a RELEASE statement
will cause the statement CALL PROGA: to
fetch the procedure, as well as invoke it.
The fetched procedure is compiled and
link-edited separately from the calling
procedure. The programmer must ensure that
the entry name specified in FETCH, RELEASE,
and CALL statements and options, and in
function references, is known in auxiliary
storage. The job control statements
necessary to achieve this are discussed in
OS PL/I. Checkout Compiler: programmer's
Guide and OS PL/I Optimizing Compiler:
Programmer's Guide
Rules concerning the use of dynamicallyloaded procedures are:
1.

Only external procedures may be
fe·tched.

2.

Identifiers with the EXTERNAL
attribute are not permitted in a
fetched procedure.

3.

Identifiers with the CONTROLLED or
FILE attributes are not permitted in a
fetched procedure unless they are
parameters. Note that this means any
file used in the fetched procedure,
including either of the standard
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Storage Allocation
Storage allocation is the process of
associating an area of storage with a
variable so that the data item(s) to be
represented by the variable may be recorded
internally. When s·torage has been
associated with a variable, the variable is
said to be allocated. Allocation for a
given variable may take place statically,
that is, before the execution of the
program, or dynamically, during execution.
A variable that is allocated statically
remains allocated for the duration of the
program. A variable that is allocated
dynamically will relinquish its storage
either upon the termination of the block
containing that variable or at the request
of the programmer, depending upon its
storage class.
The manner in which storage is allocated
for a variable is determined by the storage
class of that variable.
There are four
storage classes:
static, automatic,
controlled, and based. Each storage class
is specified by its corresponding storage
class attribute: STATIC, AUTOMATIC,
CONTROLLED, and BASED, respectively. The
last three define dynamic storage
allocation.
Storage class attributes rray be declared
explicitly for element, array, and major
structure variables. If a variable is an
array or a major structure variable, the
storage class declared for that variable
applies to all of the elements in the array
or structure.

All variables that have not been
explicitly declared with a storage class
attribute are given the AUTOMATIC
attribute, with one exception: any
variable that has the EXTERNAL attribute is
given the STATIC attribute.

AGN: PROCEDURE RECURSIVE;
DECLARE X STATIC EXTERNAL INITIAL (0);

X=X+I;
PUT DATA(X);

Chapter 8, "storage Control" discusses
how the various storage classes may be
used.
CALL RECURS;
X=X-I;
PUT DATA(X);
END AGN;
In the above example, RECURS and AGN are
both recursive procedures.
Since x is
static and has the INITIAL attribute, it is
allocated and initialized before execution
of the program begins.

Reactivation of an Active Procedure
(Recursion)
An active procedure that can be reactivated
from with.in itself or from within another
active procedure is said to be a recursive
procedure; such reactivation is called
recursi0Il:.
A procedure can be invoked recursively
only if the RECURSIVE option has been
specified in its PROCEDURE statement. This
option also applies to the names of any
secondary entry points that the procedure
might have.
The environment (that is, values of
automatic variables, etc.) of every
invocation of a recursive procedure is
preserved in a manner analogous to the
stacking of allocations of a controlled
variable (see chapter 8, "storage
Allocation").
An environment can thus be
thought of as being "pushed down" at a
recursive invocation, and "popped up" at
the termi.nation of that invocation.
Note
that a label constant in the current block
always contains information identifying the
current i.nvocation of the block that
contains the label.
Consider the following
example:
RECURS: PROCEDURE RECURSIVE;
DECI.ARE X STATIC EXTERNAL INITIAL

X=X"'I;
PUT DATA(X);
IF X=5 THEN GO TO LAB;
CALI~ AGN;
X=X-·l;
PUT DATA (X) ;

LAB::

END RECURS;

(0);

The first time that RECURS is invoked, X
is incremented by I and X=l is transmitted
by the PUT statement.
Since X is less than
5, AGN is invoked.
In AGN, X is
incremented by I and X=2 is transmitted
(also by a PUT statement).
AGN then
reinvokes RECURS.
This second invocation of RECURS is a
recursive invocation, because RECURS is
still active.
X is incremented as before,
and then X=3 is transmitted. X is still
less than 5, so AGN is invoked again.
Since AGN is active when invoked, this
invocation of AGN is also recursive. X is
incremented once again, X=4 is transmitted,
and RECURS is invoked for the third time.
The third invocation of RECURS results
in the transmission of X=5. But, since X
is no longer less than 5, GO TO LAB is
executed, and then RECURS is terminated.
However, only the third invocation of
RECURS is terminated" with the re sul t tha t
control returns to the procedure that
invoked RECURS for the third time; that is,
control returns to the statement following
CALL RECURS in the second invocation of
AGN. At this point X is decremented by I
and X=4 is transmitted.
Then the second
invocation of AGN is terminated, and
control returns to the procedure that
invoked AGN for the second time; that is"
control returns to the staterrent following
CALL AGN in the second invocation of
RECURS.
Here X is decremented again and
X=3 is transmitted, after which the second
invocation of RECURS is terminated and
control returns to the first invocation of
AGN. X is decremented again, X=2 is
transmi tted, the first invocation of AGN is
terminated, and control returns to the
first invocation of RECURS. X is
decremented, X=l is transmitted" and the
first invocation of RECURS is terminated.
Control then returns to the procedure that
invoked RECURS in the first place.
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Note that if a label constant is
assigned to a label variable in a
particular invocation, a GO 'ro statement
naming that variable in another invocation
would restore the environment that existed
when the assignment was performed.
Note also that the environment of a
procedure invoked from within a recursive
procedure by means of an entry variable is
the one that was current when the entry
constant was assigned to the variable.
ConsidE~r the following example:
I=l;
CALI. A;
/*FIRST INVOCATION OF A*/
A:PROC RECURSIVE;
DECI.ARE EV ENTRY VARIABLE STATIC;
IF 1=1 THEN DO;
1=2;
E:V=B;
CALL Ai
/*SECOND INVOCATION OF A*/
END;'

ELSE CALL EVi /*INVOKES B WITH
ENVIRONMENT OF FIRST
INVOCATION OF A*/
B:PROCi

GO TO OUT;
END;

OUT:END Ai
rhe GO TO statement in the procedure B will
transfer control to the END A; statement in
the first invocation of A, and will thus
termina.te Band both invocations of A.

Prologues and Epilogues
Each time a block is activated, certain
activities must be performed before control
can reach the first executable statement in
the block. This set of activities is
called a prologue.
Similarly, when a block
is terminated, certain activities must be
performed before control can be transferred
out of the block; this set of activities is
called an epilogue.
Prologues and epilogues are the
responsibility of the compiler and not of
the programmer. They are discussed here
because knowledge of them may assist the
programmer in improving the performance of
his program.

•

Computing dimension bounds and string
lengths for automatic and DEFINED
variables.

•

Allocating storage for automatic
variables and initialization, if
specified.

•

Determining which currently active
blocks are known to the procedure, so
that the correct generations of
automatic storage are accessible, and
the correct on-units may be entered.

•

Allocating storage for dummy arguments
that may be passed from this block.

The prologue may need to evaluate
expressions for initial values (including
iteration factors), and for array bounds,
string lengths, and area sizes.
I
Note that errors may occur during the
Iprologue, and the ERROR condition (or other
lexceptional condition) may be raised. If
Ithis happens, the environment of the block
Imay be incomplete, in particular some
lautomatic variables may not yet be
I allocated. statements executed after the
IERROR condition has been raised should not,
Itherefore, reference AUTOMATIC variables
Ideclared in that block.
PUT ALL and PUT
IDATA statements in on-units established
Iprior to block entry, or entered at the
Iterminal, imply reference to automatic
Ivariables in all active blocks and are
Iparticularly vulnerable to this situation.
IThe results of referring to unallocated
Istorage are unpredictable.
For each block in the program, the
optimizing compiler assigns these values in
the following order:
1.

Values that are independent of other
declarations in the block.
(Values
may be inherited from an outer block.)

2.

Values that are dependent on other
declarations in the block.
If a value
depends on more than one other
declaration in the block. correct
initialization is not guaranteed. For
example:
DCL I INIT(10), J INIT(I), K INIT(J);
Correct initialization of K is not
guarant eed •

PROLOGUES
A prologue is code that is executed as the
first step in the activation of a block.
In general, activities performed by a
prologue are as follows:
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The checkout compiler has no restriction
on the number of dependencies; it evaluates
the expressions in the order required by
the dependencies (provided the dependencies
can be determined from inspection of the
DECLARE statement alone.)

Note that declarations of data items
must not be mutually interdependent. For
example, the following declaration is
invalid:

An epilogue is code that is executed as the
final step in the termination of a block.
In general, the activities performed by an
epilogue are as follows:

DCL ACB(1», BCA(1»;
Note that interdependency can occur with
more than two data items.
For example, the
following declaration is also invalid:
DCL ACB(1»,

BCC(l»~

EPILOGUES

C(A(1»;

•

Re-establishing the on-unit environment
existing before the block was activated.

•

Releasing storage for all automatic
variables allocated in the block.
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Chapter 7: Recognition of Names

PL/I program consists of a collection of
identifiers, constants, and special
characters used as opera tors or delimiters.
Identifiers themselves may be either
keywords or names with a meaning specified
by the programmer. The PL/I language is
construct~ed so that the compi ler can
determine from context whether or not an
identifier is a keyword" so there is no
list of reserved words that must not be
used for programmer-defined names.
(Though
the uses of the 48-character set composite
symbols, and, under the checkout compiler,
of the file SYSPRINT, are restricted.) Any
identifier may be used as a name; the only
restriction is that at any point in a
program a. name can have one and only one
meaning.
For example, the same name cannot
be used for both a file and a floatingpOint variable.
~

In order to understand the rules for the
scope of a name, it is necessary to
understand the terms ·contained in" and
"internal to."
Contained In:
All of the text of a block, from the
PROCEDURE or BEGIN statement through
the corresponding END statement, is
said to be contained in that block.
Note, however, that the labels of the
BEGIN or PROCEDURE statement heading
the bloc~, as well as the labels of
any ENTRY statements that apply to the
block, are not contained in that
block.
Nested blocks are contained in
the block in which they appear.
Internal To:
Text that is contained in a block, but
not contained in any other block
nested within it, is said to be
in terna I to that bloc k.
Note that
entry names of a procedure (and labels
of a BEGIN statement) are not
contained in that block.
consequently, they are internal to the
containing block.
Entry names of an
external procedure are treated as if
they were external to the external
procedure.

Note: The above is true so long as the 60character set is used. Certain identifiers
of the 48-character set cannot be used as
programmer-defined identifiers in a program
wri tten using the 48-character set; these
identifiers are: GT" GE, NE, LT, NG, LE,
NL, CAT, OR, AND, NOT, and PT.
It is not necessary, however, for a name
to have the same meaning throughout a
program. A name declared within a block
has a meaning only within that block.
Outside the block i t is unknown unless the
same name' has also been declared in the
outer block. In this case, the name in the
outer block refers to a different data
item. This enables programmers to specify
local definitions and, hence, to write
procedures or begin blocks without knowing
all the names being used by other
programmers writing other parts of the
program.
Since it is possible for a name to have
more than one meaning, i t is important to
define which part of the program a
particular meaning applies to.
In PL/I a
name is given attributes and a meaning by a
declaration (not necessarily explicit).
The part of the program for which the
meaning applies is called the scope of the
declaration of that name.
In most cases,
the scope of a name is determined entirely
by the position at which the name is
declared within the program (or assumed to
be declared if the declaration is not
explicit). There are cases in which more
than one generation of data may exist with
the same name (such as in recursion); such
cases are considered separately.

In addition to these terms, the
different types of declaration are
important. The three different types
explicit declaration, contextual
declaration, and im£licit declaration
are discussed in the following sections.

Explicit Declaration
A name is explicitly declared if it
appears:
1.

In a DECLARE statement.

2.

In a parameter list.

3.

As a statement label.

4.

As a label of a PROCEDURE or ENTRY
statement.

The appearance of a name in a parameter
list is the same as if a DECLARE statement
for that name appeared immediately
following the PROCEDURE or ENTRY statement
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in which the parameter list occurs (though
the same name may also appear in a DECLARE
statement internal to the same block).

contextually in the following cases:
1.

The appearance of a name as the label of
either a PROCEDURE or ENTRY statement
constitutes a declaration within the
procedure containing the one to which i t
refers.
The appearance of a label prefix on a
statement constitutes explicit declarat~on
of the label.

A name that appears in a CALL
statement, in a CALL option, or
followed by an argum~t list is gi ven
the BUILTIN and INTERNAL attributes.
Built-in functions and p~eudovariables
without arguments, such as ONCHAR,
ONSOURCE, DATE and DATAFIELD, should
be declared explicitly with the
BUILTIN attribute, contextually using
a null argument list, for example,
ONCHARO" or implicitly by using a
DEFAULT statement" for example,
DEF.AULT RANGE (ON,DAT) BUILTIN;

SCOPE OF AN EXPLICIT DECLARATION
The scope of an explicit declaration of a
name is that block to which the declaration
is internal, including all contained blocks
except thos e blocks (and any blocks
contained within them) to which another
explicit declaration of the same identifier
is internal.

2.

A name that appears in a FILE or COPY
option, or a name that appears in an
ON, SIGNAL, or REVERT statement for a
condition that requires a file name,
is given the FILE attribute.

3.

A name that appears in an ON
CONDITION" SIGNAL CONDITION, or REVERT
CONDITION statement is recognized as a
programmer-defined condition name.

4.

A name that appears in an EVENT option
or in a WAIT statement is given the
EVENT attr ibute •

5.

A name that appears in a TASK option
is given the TASK attribute.

6.

A name that appears in the BASED
attribute, in a SET option, or on the
left-hand side of a pointer
qualification symbol is given the
POINTER attribute.

7.

A name that appears in an IN option,
or in the OFFSET attribute, is gi ven
the AREA attribute.

For example:
P A B B' C C' D Q R
P: PROCEDURE;
DECLARE A, B;

]

]

Q: PROCEDURE;
DECLARE B, C;
R: PROCEDURE;

DECLARE C ,D;
END

R~

END Q;

]

END Pi

1
1
]

Examples of contextual declaration are:
READ FILE (PREQ) INTO (Q);

The lines
scope of the
two distinct
indicate the

to the right indicate the
names.
Band B' indicate the
uses of the name B; C and C'
two uses of the name C.

ALLOCATE X IN (S);
In these statements, PREQ is given the FILE
attribute, and S is given the AREA
attribute.

Contextual Declaration
SCOPE OF A
When a name appears in certain contexts,
some of its attributes can be determined
without explicit declaration.
In such a
case, if the appearance of a name does not
lie within the scope of an explicit
declaration for the same name, the name is
said to be contextually declared.
A name that has not been declared
explicitly will be recognized and declared
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CONrEXTU.~L

DECIARATION

The scope of a contextual declaration is
determined as if the declaration were made
in a DECLARE statement immediately
following the PROCEDURE statement of the
external procedure in which the name
appears.
Note that contextual declaration has the

same effect as if the name were declared in
the external procedure, even when the
statement that causes the contextual
declarations is internal to a block (called
a, for example) that is contained in the
external procedure.. Cons equently, the name
is known throughout the entire external
procedure, except for any blocks in which
the name is explicitly declared.
It is as
it block B has inherited the declaration
from the containing external procedure.
Since a contextual declaration cannot
exist within the scope of an explicit
declaration, it is impossible for the
context of a name to add to the attributes
established for that name in an explicit
declaration.
For example, the following
procedure is invalid:
P:

PROC (F);

READ FILE (F) INTO(X>;

Examples of Declarations
Scopes of data declarations are illustrated
in figure 7.1. The brackets to the left
indicate the block structure; the brackets
to the right show the scope of each
declara tion of a name.
In the diagram, the
scopes of the two declarations of Q and R
are shown as Q and Q' and Rand R'.
P is declared in the block A and known
throughout A since it is not redeclared.
Q is declared in A, and redeclared in B.
The scope of the first declaration is all
of A except B; the scope of the second
declaration is block B only.

R is declared in block C, but a
reference to R is also made in block B.
The reference to R in block B results in an
implicit declaration of R in A, the
external procedure. Two separate names
with different scopes exist, therefore.
The scope of the explicitly declared R is
C; the scope of the implicitly declared R
is all of A except block C.

EN'D P;

The identifier F is in a parameter list and
is, therefore, explicitly declared. The
standard default attributes REAL DECIMAL
FLOAT conflict with the attributes that
would normally be given to F by its
appearance in the FILE option.
Such use of
the identifier is in error.

Implicit Declaration
If a name appears in a program and is not
explicitly or contextually declared, it is
said to be implicitly declared. The scope
ot an implicit declaration is determined as
if the name were declared in a DECLARE
statement immediately following the
PROCEDURE statement of the external
procedure in which the name is used. A
name used only in a contained procedure
will be known in the containing procedure.
Unless the DEFAULT statement causes
programmer-defined defaults to override the
standard defaults, an implicit declaration
causes standard default attributes to be
applied, depending upon the first letter of
the name.
If the name begins with any of
the letters I through N i t is given the
attributes REAL FIXED BINARY (15,0). If
the name begins with any other letter
including one of the alphabetic extenders
$, #, or ~, it is given the attributes REAL
FLOAT DECIMAL (6).

I is referred to in block C. This
results in an implicit declaration in the
external procedure A. As a result, this
declaration applies to all of A, including
the contained procedures B, C. and D.
S is explicitly declared in procedure D
and is known only within D.
Scopes of entry constant and statement
label declarations are illustrated in
figure 7.2. The example shows two external
procedures. The names of these procedures,
A and E, are assumed to be explicitly
declared with the EXTERNAL attribute within
the procedures to which they apply. In
addition, E is explicitly declared in A as
an external entry constant. The explicit
declaration of E applies throughout block
A. It is not linked to the explicit
declaration of E that applies throughout
block E. The scope of the name E is all of
block A and all of block E. The scope of
the name A is only all of the block A, and
not E.
However, it could appear in an external
entry declaration in E, which would then
result in the scope of A being all of A and
all of E.
The label Ll appears with statements
internal to A and to C.
Two separate
declarations are therefore established; the
first applies to all of block A except
block C, the second applies to block C
only. Therefore, when the GO TO statement
in block B is executed, control is
transferred to Ll in block A" and block B
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r---------------------------------------------------------------------------------------,
P
Q
Q'
R
R'
S
I
A:

PROCEDURE;
DECLARE P, Q;
B: PROCEDURE;
DECLARE Q;
R = Q;
C: BEGIN;
DECLARE R:
DO I = 1 TO 10;
END;
END C;

]

1

]

1
1

[

END
B;
PROCEDURE;
DECLARE S;
END D;
END A;

D:
[

]

l------·-------------------------_____________________ -----------------------------------J
Figure 7.1.

Scopes of data declarations

r---------------------------------------------------------------------------------------,
L1
L1' L2
ABC
D
E
A:

PROCEDURE;
DECLARE E ENTRY;
L1: P = Q;
B : PROCEDURE;
L2:
CALL C;
C: PROCEDURE:
L1: X = Y;
CALL E;
END C;
GO TO L1;
END B;
D: PROCEDURE;
END D;
CALL B;
END A;
PROCEDURE;
END E;

[
[
[

E:

1
]

l-----------------------______________________________ ----------------------------------J
Figure 7.2.

Scopes of entry and label declarations

is terminated.

D and B are explicitly declared in block
A and can be referred to anywhere within A;
but since they are INTERNAL, they cannot be
referred to in block E (unless passed as an
argument to E).

C is explicitly declared in B and can be
referred to from within B, but not from
outside B.
L2 is declared in B and can be referred
to in block B, including C, which is
contained in B~ but not from outside B.
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Internal and External Attributes
The scope of a name with the INTERNAL
attribute is the same as the scope of its
declaration. Any o·ther explicit
declaration of that name refers to a new
object with a different, non-overlapping
scope.
A name with the EXTERNAL attribute may
be declared more than once in the same
program, either in different external
procedures or within blocks contained in
external procedures.
Each declaration of
the name establishes a scope.. These
declarations are linked together and,
within a program, all declarations of the
same identifier with the EXTERNAL attribute
refer to the same name. The scope of the
name is the sum of the scopes of all the
declarations of that name within the

program.

OUT:

PROCEDURE (R);
DECLARE R LABEL,
(M,L) STATIC INTERNAL
INITIAL (0),
S BINARY FI XED EXTER NAL"
Z FIXED DEClMAL(l):
M = M+1;

Note: External names of PL/I data cannot
be more than seven characters long and must
not contain the
(break) character. This
Irestriction on the break character is a job
Ischeduler restriction. If a PL/I procedure
I name, containing a break character, is
linvoked by an EXEC statement, the job
Ischeduler will produce a diagnostic
I message. A similar problem occurs with
IPLII file names in a DD statement.

Since these declarations all refer to
the same ·thing, they must all result in the
same set of attributes.
It may be
impossible for the compiler to check all
declarations, particularly if the names are
declared in different procedures, so care
should be taken to ensure that different
declarations of the same name with the
EXTERNAL attribute do have matching
attributes.
The attribute listing, which
is available as optional output from these
compilers, helps to check the use of names.
rhe following example illustrates the above
points in a program:

A: PROCEDURE;
DECLARE S CHARACTER (20);
DCL SET ENTRY(FIXED DECIMAL(l»,
OUT ENTRY(LABEL);
C.ALL SET (3);
E: GET LIST (S,M,N);
B: BEGIN;
DECLARE X (M,N), Y(M);
GET LIST (X, Y) i
CALL C(X,Y);
C:
PROCEDURE (P,Q);
DECLARE P(.,.), Q(.),
S BINARY FIXED EXTERNAL;
S = 0;
DO I = 1 TO M;
IF SUM (P(I,.»
= Q(I)
THEN GO TO B;
S = S+l;
IF S = 3 THEN CALL OUT (E);
CALL D(I);
B:
END;
END C;
D:
PROCEDURE (N);
PUT LIST ('ERROR IN ROW I,
N,t TABLE NAME "
S);
END D;
END B;
GO TO E;
END A;

SET:

S=O;

IF M<L THEN STOP: ELSE GO,
ENTRY (Z);

TO

R:

L=Zi

REi'URN;
END OUT;
A is an external procedure name; its
scope is all of block ~, plus any other
blocks where A is declared as external.
S is explicitly declared in block A and
block C. The character string declaration
applies to all of block A except block C:
the fixed binary declaration applies only
within block C. Notice that although D is
called from within block C,' the reference
to S in the PUT statement in 0 is to the
character string S, and not to the S
declared in block C.
N appears as a parameter in block D, but
is also used outside the block. Its
apearance as a parameter establishes an
explicit declaration of N within D since
there is no other declaration of N within
D: the references outside D cause an
implicit declaration of N in block A.
These two declarations of the name N refer
to different objects, although in this
case, the objects have the same data
attributes, which are, by standard default,
FIXED (15,0), BINARY, and INTERNAL.
X and Yare known throughout B and could
be referred to in block C or D within B,
but not in that part of A outside B.
P and Q are parameters" and therefore if
there were no other declaration of these
names wi thin the block/, their appearance in
the parameter list would be sufficient to
constitute an explicit declaration.
However., a separate DECLARE statement is
required in order to specify that P and Q
are arrays and it is this that is the
explicit declaration. Note that although
the arguments X and Yare declared as
arrays and are known in block C, it is
still necessary to declare P and Q in a
DECLARE statement to establish that they,
too, are arrays.
(The asterisk notation
indicates that the bounds of the parameters
are the same as the bounds of the
arguments. )
I and M are not explicitly declared in
the external procedure A; they are
therefore implicitly declared and are known
throughout A, even though I appears only
within block C.
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The second external procedure in the
example has two entry names, SET and OUT.
These are considered to be explicitly
declared with the ENTRY and EXTERNAL
attributes.
They must also be declared
explicitly with the ENTRY attribute in
procedure A. Since ENTRY implies EXTERNAL,
the two entry constants SET and OUT are
known throughout the two external
procedures.
The label B appears twice in the
program, once as the label of a begin
block, which is an explicit declaration, as
a label in A.
It is redeclared as a label
within block C by its appearance as a
prefix to the END statement. The reference
to B in the GO TO statement within block C
therefore refers to the label of the END
statement within block C. outside block C,
any reference to B would be to the label of
the begin block.
Note that C and D can be called from any
point within B but not from that part of A
outside B, nor from another external
procedure. Similarly, since E is known
throughout the external procedure A, a
·transfer to E may be made from any pOint
within .A.
The label B within block C,
however, can only be referred to from
within C.
Transfers out of a block by a GO
ro statement can be made; but such
transfers into a nested block generally
cannot. An exception is shown in the
external procedure OUT, where the label E
from block A is passed as an argument to
the label parameter R.
The statement GO TO R causes control to
pass to the label E, even though E is
1eclared within A, and not known within
OUT.
The variables M and L are declared
within -the block OUT to be STATIC; their
values are preserved between calls to OUT.
In order to identify the Sin the
procedure OUT as the same S in the
procedure C, both have been declared with
the attribute EXTERNAL.

Scope o~f Member Names of External
Structures
When a major structure name is declared
with the EXTERNAL attribute in more than
one block, the attributes of the
corresponding structure members must be the
same in each case, although the
corresponding member names need not be
identical. Names of members of structures
always have the INTERNAL attribute, and
cannot be declared with any scope
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attribute.
However, a reference to a
member of an external structure., using the
member name known to the block containing
the reference, is effectively a reference
to that member in all blocks in which the
external name is known, regardless of
whether the corresponding member names are
identical.
For example:
PROCA: PROCEDURE;
DECLARE 1 A EXTERNAL,
2 B,
2 C;

END PROCA;
PROCB: PROCEDURE;
DECLARE 1 A EXTERNAL,
2 B,
2 D;

END PROCB;
In this example, if A. B is changed in
PROCA, it is also changed for PROCB, and
vice versa; if A.C is changed in PROCA, A.D
is changed for PROCB, and vice versa.

Multiple Declarations and Ambiguous
References
Two or more declarations of the same
identifier internal to the same block
constitute a multiple declaration, unless
at least one of the identifiers is declared
within a structure in such a way that name
qualification can be used to make the names
unique.
Two or more declarations anywhere in a
program of the same identifier as EXTERNAL
names with different attributes constitute
a multiple declaration.
Multiple declarations are in error.
A name need have only enough
qualification to make the name unique.
Reference to a name is always taken to
apply to the identifier declared in the
innermost 'block containing the reference.
An ambiguous reference is a name with
insufficient qualification to make the name
unique.
The following examples illustrate both
multiple declarations and ambiguous
references:
DECLARE 1 A, 2
BEGIN;

c., 2 D, 3 E;

DECLARE 1 A, 2 B, 3 C, 3 Ei
A.C = D.E;
In this example, A.C refers to C in the
inner block; D.E refers to E in the outer
block.
DECL.ARE 1 A, 2 B, 2 B, 2 C, 3 0, 2 D i
In this example, B has been multiply
aeclared.
A.D refers to the second 0,
since A.D is a complete qualification of
only the second D; the first 0 would have
to be referred to as A.C.D.

PROCESSES IN THE APPLICATION OF
ATTRIBUTES
Attribute processing by the compiler takes
place in the following order:
1.

Defactoring of attributes.

2.

Application of the LIKE attribute.

3.

Application of ALIGNED or UNALIGNED
attributes to structure members.

4.

Establishment and application of
explicit declarations.

5.

Establishment and application of
contextual declarations.

6.

Establishment of implicit
declarations.

7.

Application of attributes specified in
the DEFAULT statements Cif present),
for explicitly" contextually, and
implicitly declared identifiers; then
application of standard default
attributes.

8.

Resolution of identical identifiers,
including identifiers used in
attributes, or declared in different
blocks of a procedure.

DECL,1\RE 1 A, 2 B, 3 C, 2 D, 3 C;
In this example, A.C is ambiguous because
neither C is completely qualified by this
reference.
DECL.ARE 1 A, 2 A, 3 Ai
In this example, A refers to the first A"
A.A refers to the second A, and A.A.A
refers to the third A.
DECL,ARE Xi
DECL.ARE 1 Y, 2 X, 3 Z, 3 A,
2 Y, 3 Z,

3 A;

In this example, X refers to the first
DECLARE s'tatement. A reference to Y. Z is
ambiguous; Y.Y.Z refers to the second Zi
and Y.X.Z refers to the first Z.

Default Attributes
Every identifier in a PL/I source program
requires a complete set of attributes.
However, 'the attributes specified in a
DECLARE statement need rarely be the
complete set of attributes for the
identifier. Moreover, contextual
declaration can result in only a partial
declaration of an identifier.
For each
partially declared identifier the set of
attributes is completed implicitly by the
compiler by application of default rules.
Defaul,t rules which are determined for
the implementations are termed standard
default rules; alternative default rules
can be defined by the programmer who wishes
either to modify the standard default
rules, or develop a completely new set of
default rules. The DEFAULT statement is
used for this purpose. Its use is
described in a later section of this
chapter.

From this it should be seen that
attributes applied by default cannot
override attributes of the same class
applied to an identifier by explicit or
contextual declaration.
Further, any
attributes applied by default are largely
dependent on attributes already applied.
This is fundamental to understanding the
use of the DEFAULT statement.

APPLICATION OF STANDARD DEFAULTS
Standard default rules are applied for a
class of attributes when an attribute of a
parti cular class, such as scope, scale"
base, or mode, etc., has not been a~plied
either by explicit or contextual
declaration. A summary of the standard
defaults for file attributes appears in
chapter 10, "Input and Output." A summary
of standard default assumptions for both
problem and program control data are given
belOW',. A complete description of standard
default assumptions is given in section I,
"Attributes. "
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Initial
letter

Default
attributes
assumed

$,#,&,A - H

REAL FLOAT DECIMAL

I - N

REAL FIXED BINARY

o -

REAL FLOAT DECIMAL

Problem Data

If the problem data is not known to be
either of character or of arithmetic type,
arithmetic type is assumed.
Arithmetic Data: The standard defaults
vary according to the information specified
for the data:
1.

If an arithmetic data item is
partially specified in an explicit
declaration, the attributes assumed by
default are:

Z

A value returned from a function
reference can have default rules applied to
determine its base, scale, and mode.
Default attributes for a returned value are
obtained by applying default rules to the
function name as if it were an arithmetic
identifier.
Precision of arithmetic data: Standard
default precisions for arithmetic data are:
Attributes

:Explicit
.declarations

Default
attributes
assumed

BINARY
DECIMAL
FIXED
FLOAT
REAL

REAL, FLOAT
REAL, FLOAT
REAL, DECIMAL
REAL, DECIMAL
FLOAT, DECIMAL

FIXED
FIXED
FLOAT
FLOAT

REAL
REAL
REAL
REAL

FIXED BINARY
FIXED DECIMAL

REAL
REAL
REAL
REAL

BINARY
DECIMAL
BINARY
DECIMAL
FIXED
FLOAT
BINARY
DECIMAL

DECIMAL
DECIMAL
FLOAT
FLOAT

Note that if COMPLEX is declared
instead of REAL, the attributes are
the same as for REAL, and are applied
to each of the two parts.
2.

If a base but not a scale is
specified, the scale assumed depends
on the presence of a scale factor in
the precision attribute.
If there is
a scale factor, FIXED is assumed, if
there is not, FLOAT is assumed.

FLOAT BINARY
FLOAT DECIMAL

Precision
(IS"

0)

(S,O)
(21)

(6)

Other a ttributes of ad thmetic data:
assumed attributes are ALIGNED, and
AUTOMATIC if INTERNAL, or STATIC if
EXTERNAL.

The

string data:
If the length of a character
or bit string is undefined, a length of 1
is assumed. The attributes UNALIGNED" and
AUTOMATIC if INTERNAL, or STATIC if
EXTERNAL, are assumed.
Structures and structure members: Levelone structures are assWled AUTOMATIC if
INTERNAL, and STATIC if EXTERNAL. Minor
structures and structure members cannot be
declared to have storage or scope
attributes.
Arrays and data elements: UNALIGNED is
assumed for data elements of string or
picture type. ALIGNED is assumed for all
other data types. Scope and storage depend
on the data type.

For example:
DCL A BINARY(S),
B BINARY(S,2);
The assumed attributes for A are REAL
FLOAT: for B, they are REAL FIXED.
3.
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Program Control Data
ENTRY: An entry constant declared in a
DECLARE statement, or as a statement prefix
on a PROCEDURE or ENTRY statement, is
assumed EXTERNAL. An entry variable is
assumed INTERNAL.
LABEL, POINTER, OFFSET, AREA, EVENT, TASK:
Identifiers declared with anyone of these

attributes are assumed ALIGNED, and
AUTOMATIC if INTERNAL, STATIC if EXTERNAL.
If the size is not specified for an area
variable, the default size of 1000 bytes is
applied.

DEFAUL~r Statement

The function of the DEFAULT statement is to
give the programmer control over the
default at:tributes assigned to identifiers.
The DEFAULT statement cannot be used to
override the attributes assigned to
identifiers by explicit or contextual
declarations.
The DEF'AULT statement can be used to
modify thE! standard defa ul t rules or to
specify a complete set of programmerdefined default rules.
It can specify
attributes for identifiers whose attribute
sets are not complete after expl ici t,
implicit, or contextual declaration, for
the descriptors in entry declarations, and
for the at:tributes in the RETURNS option of
PROCEDURE and ENTRY statements. Standard
default rtues can be restored after
programmer-defined default rules have been
established in a program.
A simplified general form of the DEFAULT
statement is as follows:
rSR

DEFAUL'l' Q
,~;'
•
~.
RANGE «({''identifier'Jl! {I etter: letter} I i.*~.I)}
{ DESCRIPTORS
[attribute-specification] ;
RANGE Option:
The RANGE option specifies
the identifiers to which the associated
default rules are to be applied. The range
can be spE~cified as either two letters
separated by a colon, or as a single
identifier.
For example, the option:
RANGE (A:

J) •••

applies to all identifiers with initial
letters in the range A through J.
The
option:

DESCRIPI'ORS Option: The DESCRIPTORS option
specifies that the associated default rules
are to be applied to non-null parameter
descriptors.
Attribute specification: The attribute
specification is a list of attributes from
which selected attributes are applied to
identifiers in the specified range.
Attributes in the list may appear in any
order and must be separated by blanks.
Only those attributes that are necessary
to complete the declaration of a data item
are taken from tpe list of attributes,.
If
the list does not supply all the required
attributes, then standard default
attributes are applied.
Therefore,
specification of any attribute that is a
standard default is unnecessary,. For
example:
DEFAULT RANGE(T) POINTER;
This means that any identifier that begins
with the letter T is a pointer. The
complete list of attributes that apply to
these identifiers is POINTER, AUTOMATIC,
INTERNAL, and ALIGNED.
Attributes that conflict when applied to
a data item do not necessarily conflict
when they appear in an attribute
specification. For example:
DEFAULT RANGE(S) BINARY VARYING:
This means that any identifier that begins
with the letter S and is declared
explicitly with the BIT or CHARACTER
attribute will receive the VARYING
attribute; all others (that are not
declared explicitly or contextually as
other than arithmetic data) will receive
the BINARY attribute.
The VALUE option is used within the
attribute specification to specify
attributes that are represented by a
decimal integer constant or an expression.
These are the attributes length, size, and
precision.
For example:

RANGE(ABC) •••
DEFAULT RANGE(*) VALUE(AREA(2000»;
applies to all identifiers with the initial
three lett:ers • ABC' such as ABC, ABCD, and
ABCDE.
The RANGE option can also be specified
as:
RANGE (*)
whereby all possible initial alphabetic
characters, from A through Z" and the
characters $, Ql, and # are specified.

This statement gives a default size of 2000
to all area variables. The dimension
attribute can be specified directly in an
attribute specification provided it appears
first in the list.
Example 1:
Assume that the following ranges of
initial letters are to correspond to the
attributes given:
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Initial letters

Attributes required

A -

D

REAL FLOAI' DECIMAL

E -

H

REAL FLOAT BINARY

I - N

REAL FIXED BINARY

o -

REAL FIXED DECIMAL

Z

The precisions to be assumed are the
default precisions for these
implementations. A DEFAULT statement to
establish these additional default rules
is:
DEFAULT RANGECE:H) BINARY,
RANGECO:Z) FIXED;
In this statement additional default
rules for two ranges of initial letters are
specified.
The standard default rules for
identifiers with initial letters outside
the ranges E - Hand 0 - Z are unchanged.
Example 2:

DEFAULT RANGE(I) VALUE(FIXED
DECIMAL(8,3»:
I

=

1;

If i t is not declared explicitly, I will be
given the standard default attributes FIXED
BINARYC15,0).
It will ~ be influenced by
the default statement, because this
statement specifies only that the default
precision for FIXED DECIMAL identifiers is
to be (8,3).

Restoring Standard Defaults
The following statement:

A DEFAULT statement can specify that all
implicitly-declared data has the same
attribute.
DEFAULT RANGE

string length, and area size. Other
attributes in the option, such as CHARACTER
and FIXED BINARY in the above examples,
merely indicate which attributes the value
is to be associated with. Consider the
following example.

C*) PICTURE '99999';

This statement causes all implicitlydeclared identifiers to be assumed numeric
character type with the attributes REAL
PICTURE '99999'.
If values other than the standard
defaults are required, the argument of the
VALUE option should always contain an
attribute to qualify the precision, string
length, or area size for a particular
default attribute. For example:
a.

DEFAULT RANGE (S:T) CHARACTER
VALUE (CHARACTER (10»:

b.

DEFAULT RANGE C*) VALUE CFIXED
BINARY(31),FLOAT DECIMAL(33),
FLOAT BINARY(109), FIXED
DECIMALCl5» ;

The first example specifies that all
implicitly-declared identifiers with the
initial letters Sand T are to receive the
default attribute CHARACTER and a default
string length of ten characters.
The
second example specifies that all
identifiers of arithmetic type with
undefined precisions will have the
precisions as defined in the argument to
the keyword VALUE.
(In this instance the
precisi.ons specified are the maximum
precisi.ons permitted.)

DEFAULT RANGE(*), DESCRIPTORS:
overrides, for all identifiers, any
programmer-defined default rules
established in a containing block. It can
be used to restore standard defaults for
contained blocks.
To restore standard defaults to a
particular identifier, the keyword SYSTEM
can be specified in its DECLARE statement.

Scope of the DEFAULT Statement
The scope of a DEFAULT statement is the
block in which it is specified, and any
blocks contained in that block, except that
if a DEFAULT statement in a contained block
specifies all or part of the range
specified in a DEFAULT statement in a
containing block, the statement in the
contained block overrides the other for the
range that they have in common.
For
example:
A:

PROC:
DEFAULT RANGE (A: I) FI XED BI NARY:

B:

PROC;
DEFAULT RANGE(I) DECIMAL:

END Ai
that the only attributes which the
VALUE option can influence are precision,
NotE~
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In procedure B" DECIMAL overrides BINARY

for iden'tifiers beginning with I, and FIXED
is not inherited. Standard defaults will
be applied for alignment, scope, storage
class, mode, and precision.
A DEFAULT statement in an internal block
affects only explicitly declared
identifiers. This is because the scope of
contextually and implicitly declared
identifiers is determined as if their
declaration were made in a DECLARE
statement immediately following the
PROCEDURE statement of the external
procedurE= in which the name appears.

Factored Default Specification

must therefore match those of the
corresponding arguments.

Programmer-defined Default for the
RETURNS OPtion
The default attributes of implicitly
declared values returned from function
procedures are dependent on the entry name
used to invoke the procedure. The DEFAULT
statement can be used to specify such
attributes when the entry narre, or the
initial letter of the entry name, is
specified in the DEFAULT statement.
For example, the following statements:

A. defaul t specification can be factored,.
For example, the following statement:
DEFAULT CRANGECA:C) FIXED, RANGECD:F)
FLOAT) DECIMAL;
specifies that arithmetic identifiers with
the initial letters A to C receive the
attributE~s FIXED DECIMAL, and those with
the initial letters D to F receive the
attributes FLOAT DECIMAL.

Programmer-defined Defaults for
Parameter Descriptors
The DEFAULT statement can be used to
specify attributes for parameter
descriptors.
The keyword DESCRIPTORS
1esignates the list of attributes which
follows i t as an attribute specification
for parameter descriptors.
For example:
DEli'AULT DESCR IPTORS B INAR Y ;
DCI" X ENTRY (FIXED, FLOAT);
the attribute BINARY is added to each
parameter descriptor in the list, producing
the equivalent list:
(FIXED BINARY, FLOAT BINARY)
The DESCRIPTORS default attributes are
not applied to parameters having null
descri ptors, that is, parameters f or which
no attributes are specified in the
parameter descriptor, and whose attributes

DEFAULT RANGE (X) FIXED BINARY:
PROC (Y);
X
would be interpreted as:
X

PROC(Y) RETURNS (FIXED BINA.RY):

Restrictions of the Use of the DEFAULT
Statement
The DEFAULT statement must not specify the
attributes ENTRY, ENVIRONMENT, RETURNS,
LIKE, VARIABLE" or any file attributes
other than FILE. It cannot be used to
specify structuring" although structure
elements can have defaults applied
according to a RANGE specification.
Although the DEFAULT statement may
specify the dimension attribute for
identifiers that have not been declared
explicitly, a subscripted identifier would
be contextually declared with the attribute
BUILTIN. Therefore the dimension attribute
can be applied by default only to
explicitly declared identifiers. For
example:
DEFAULT RANGE (ARRAY)
DCL ARRAY1, ARRAY2:

(10 ,10) FIXED BIN:
i

Both ARRAYl and ARRAY2 are explicitly
declared two-dimensional arrays of 100
elements, each with the attributes FIXED
and BINARY.
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Chapter 8: Storage Control

The purpose of this chapter is to describe
how the PI./I programmer can control the
allocation of storage. Allocation is the
process of obtaining storage for a
variable.
A generation of a variable
refers to a particular allocation of it.
rhe four storage classes STArIC, AUTOMATIC,
:ONTROLLED, and BASED allow the programmer
to exercise as much control as he requires
for a particular program.
All variables require storage; thi s
applies both to problem data, such as
string and arithmetic variables, and to
program control data such as label
variables, entry variables, and file
variables. The declaration of a variable
must include a storage class attribute even
if only by default.
The name of a variable
is effecti.vely the address of the variable,
and the at:tributes specified for a variable
jes cri be t~he amount of storage required and
how i t is to be interpreted.
For example:
DECLARE X FIXED BINARYC31,O) AUTOMATIC:
The name X addresses a fullword, i.e., four
bytes, that contains a value to be
interpreted as a fixed-point binary
integer.
For static and automatic
variables, this concept is not very
important, but when considering controlled
and, parti.cularly, based variables i t is
relevant.
It should be understood that at no point
in a PL/I program does the programmer have
access to the absolute address of a
variable within main storage, because the
allocation of storage for variables is
managed by the compiler. The programmer
does not specify where in main storage the
allocation is to be made.
He can, however"
specify where it is to be allocated
relative to storage already allocated for
instance by allocating based variables in
an area variable.
The degree of storage control that can
be exercised depends on the class of
storage used.

Sta tic Storage
Variables declared with the STATIC
attribute are allocated prior to the
execution of a program and remain allocated
until the program terminates.
The program
has no control on the allocation of static

variables during execution.
Programs often
need data that is used whenever the program
is executed. For example, all arithmetic
constants specified in a program are stored
in a manner similar to variables declared
STATIC. The difference is that constants
cannot be changed during program execution
whereas the values of static variables can.
Although static variables can be declared
at any point in a program, they are all
allocated prior to execution. But i t is
important to note that static variables
follow normal scope rules for the validity
of references to them.
For example:
A:PROC OPTIONSCMAIN);

B:PROC;
DECLARE X STATIC INTERNAL;

END B;
END A;
Although the variable X is allocated
throughout the program, i t can be
referenced only within procedure B or any
block contained in B.
If static variables are initialized
using the INITIAL attribute, the initial
values must be specified as constants with
the exception of pointer variables as noted
below. And any specification of extents,
for instance array bounds" must also be
constants. Thus if static storage is used,
it must be borne in mind that whatever
allocation has been specified when the
program was written will be retained
throughout the execution of the program.
static storage should be used for all data
that may be referred to by the programmer
at any point in a program. A STATIC
pOinter or offset variable may be
initialized only by using the NULL built-in
function.
All other forms of storage allocation
are dynamic, that is, the storage is
obtained during the execution of the
program. Because of this" the programmer
can exert more control.

Automatic Storage
Automatic variables are allocated on entry
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to the block in which they have been
declared. They can be reallocated many
times during the execution of a program.
The programmer controls their allocation by
his design of the block structure of his
program. For example:
A:PROC;

CALL B;
B:: PROC;
DECLARE X,Y AUTO:

END Bi

EFFECT OF RECURSION ON AUTOMATIC
VARIABLES
A procedure that can be invoked when it is
already active in the same task is said to
be recursive. The values of variables
allocated in one activation of such a
procedure must be protected from change by
other activations. Th'is is arranged by
stacking the variables.
A stack operates
on a last-in first-out basisi the most
recent generation of an autorratic variable
is the only one that can be referenced.
Note that static variables are not affected
by recursion. Thus they are useful for
communication across recursive invocations.
This also applies to automatic variables
that are declared in a procedure that
contains a recursive procedure and to
controlled and based variables. For
example:

CALL Bi
A:PROCi
DCL Xi
Each time procedure B is invoked, the
X and Yare allocated storage,
and when B terminates the storage is
releas~=di consequently, the values they
contained are lost.
The storage that has
been freed is available for reallocation to
other variables. Thus, whenever a block
(procedure or begin) is active, storage is
allocated for all variables declared
automatic within that block, and whenever a
block is inactive no storage is allocated
for the automatic variables in that block.
only one allocation of a particular
automatic variable can exist, except for
those procedures that are called
recursively or by more than one task.

vari~bles

Array bounds, string lengths, and area
sizes for automatic variables can be
specified as expressions.
This means not
only that storage can be allocated when i t
is required but also that the required
amount of storage can be allocated. For
examplc=:
A:PROC:
DECLARE N FIXED BINi

B:PROC:
DECLARE STR CHAR(N);
The character string STR will have a length
defined by the value of the variable N that
existed when procedure B was invoked.
However, storage is conserved at the
!?ossible expense of speed of execution
because of the extra operations required to
eval ua·te such expre ssions.
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B:PROC RECURSIVE;
DCL Z,
Y STATIC;
CALL Bi

END Bi
END Ai
A single generation of the variable X
exists throughout invocations of procedure
B. The variable Z will have a different
generation for each invocation of procedure
B. The variable Y can be referred to only
in procedure B and will not be reallocated
at each invocation.
(The concept of
stacking of variables is also of importance
in the discussion of controlled variables.)

Co n trolled Storage
Variables declared as CONTROLLED are
allocated only when they are specified in
an ALLOCATE statement. The programmer has
individual control over each controlled
variable.
Effectively, they are
independent of the program block structure,
but not completely. The scope of a
controlled variable, when declared
internal, is the block in which it is
declared and any contained blocks. The
declaration of a controlled variable
describes only how much storage will be
required when the variable is allocated and
how it is to be interpreted. For example:

A:PROC;
DCL x CONTROLLED;

CALI, B;

B:PROC;
ALLOCATE X;

END B;
END A;
The variable X can be val~dly referred to
within procedure Band tl)·at part of·
procedure A that follows the CALL
statement.. Any reference to the value of
the varia.ble before execution of the CALL
statement~ is in error.
Once a controlled
variable has been allocated, it remains
allocated either until a FREE statement
that namE~S the variable is encountered or
until thE! end of the program. Note that
the SCOpE~ of a controlled variable may not
be the whole program; this creates a
situation analogous to that for the STATIC
INTERNAL variable described under "static
Storage" earlier, i.e., it exists but
cannot be referenced.
The FREE statement frees the storage
allocatedl for a controlled variable.
The
storage can then be re-used for other
alloca tions.
Generally, controlled variables are
useful when large data aggregates with
adjustable extents are required in a
program.
For example:

ALLOCATE STATEMENT FOR CONTROLLED
VARIABLES
A controlled variable can be allocated only
by an ALLOCATE statement. The general form
of the ALLOCATE statement for controlled
variables is:
ALLOCATE [level] identifier [dimension
attribute] [attribute]
[, [level] identifier [dimension
attribute] [attribute]] •••
[INITIAL attribute];
The "identifier" is any variable that has
the CONTROLLED attribute. It can be an
element, array, or structure, but cannot be
subscripted or qualified. Permitted
attributes are those that specify
dimensions, the length of strings, and the
size of areas.
(Areas are discussed later
in this chapter but in this context they
are simply variables whose storage is
adjustable.) This enables the programmer
to alter the amount of storage for a
particular generation of a variable. These
attributes are:
dimension
CHARACTERClength)
BIT (length)
AREA (size)
The dimension attribute can appear with
any of the others. For example:
DCL x(20) CHAR(S) CONTROLLED;

ALLOCATE X(2S) CHAR(6);

DCL A(M,N) CTL;

GET LIST(M,N);
ALLOCATE A;
GET LIST(A);

The attribute values specified in an
ALLOCATE statement always override those
given in the DECLARE statement for the same
variable.
However, the attributes
themselves must agree. Thus the dimension
attribute must specify the same number of
dimensions. As in a DECLARE statement,
element expressions can be used to specify
bounds, lengths, and sizes.

FREE A;

This program sequence allocates the exact
storage required depending on the input
data and discards the data (and frees its
storage) when no longer required. This
method can be more efficient than the
alternati.ve of setting up a begin block,
because no prologue or epilogue is
required.

The INITIAL attribute can also be
specified in an ALLOCATE statement.
Initial values given in an ALLOCATE
statement override those, if any, given in
a DECLARE statement.

FREE STATEMENT FOR CONTROLLED VARIABLES
Storage for a controlled variable is freed,
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and therefore its value is lost, when a
FREE statement is executed that names the
variable. The form of the FREE statement
is:
FREE identifier[,identifier] ••• ;

In the first allocation of X the upper
bound is specified by the DECLARE
statement, i.e., 20.
In the second
allocation the upper bound is specified by
the value of the first element of the first
generation of X.

The "identifier" has the same restrictions
as in the ALLOCATE statement.
If the FREE statement names a variable
that has not been allocated, no action is
taken.
Asterisk Notation
Implicit Freeing
If a controlled variable is to remain
allocated until the end of a task, it need
not be explicitly freed by a FREE
statement. All controlled storage is
automatically freed at the termination of
the task in which it was allocated.

If, in an ALLOCATE sta temen t., dimensions"
lengths, or sizes are indicated by
asterisks, values are inherited from the
most recent previous generation. For
arrays, the asterisk must be used for every
dimension of the array, not just one of
them.
For example:
DCL X C10" 2 0 ) CHAR (5) CTL ;

ALLOCATE X;
MULTIPLE GENERATIONS OF CONTROLLED
VARIABLES
ALLOCATE XCI0,10);
If storage for a controlled variable is
reallocated before being freed the first
generation is preserved, i.e., stacked.
The second generation becomes the current
generation; the first generation cannot be
directly accessed until the current
generation has been freed. This is similar
to the process described for automatic
variables in a recursive procedure. For
controlled variables, however" stacking and
unstacking of variables occur at ALLOCATE
and FREE statements rather than at block
boundari es and are independent of
invocation of procedures within a task.
Although values of successive
generations of a controlled variable are
stacked, values can be obtained from the
most recent generation to help create a new
generat.ion. If., in an ALLOCATE or DECLARE
statement, a bound, length, or size is
specified by an expression that contains
references to the variable, the value is
taken from the most recent previous
generation.
For example:

ALLOCATE X (*"

*) ;

In this example, the first generation of X
has bounds (10,20); the second and third
generations have bounds (10,,10). The
elements of each generation of X are all
character strings of length five.
The asterisk notation can also be used
in a DECLARE statement, but has a different
meaning.
For example:
DCL Y CHAR{*) CTL,
N FIXED BIN;
N=20;

ALLOCATE Y;

ALLOCATE Y CHAR{N);
DeL X(20) FIXED BIN CTL;

ALLOCATE.X;

ALLOCATE XCX(1»;
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This simply means that the length of the
character string Y is to be taken from the
previous generation unless it is specified
in an ALLOCATE statement, in which case Y
is given the specified length. This allows
the programmer to defer the specification
of the string length until the actual
allocation of storage,.

CONTROLLED STRUCTURES

Based Storage

When a structure is controlled, any arrays"
strings, or areas it contains can be
adjustable. For this reason, it is
permissible to describe the relative
structuring in an ALLOCATE statement.
For
example:

A based variable is fundamentally different
from all other storage classes in that the
name of a based variable does not identify
the location of a generation in main storage; a declaration of a based variable
is only a description of the generation,
i.e., the amount of storage required and
how that storage is to be interpreted. The
location of the generation is identified by
a separate variable called a locator
variable. A locator variable is either a
pointer variable or an offset variable.
Offset variables are discussed later in
this chapter in conjunction with area
variables.

DCL 1 A CTL,
2 B(-10:10),
2 C CHAR(*) VARYING;

ALLOCATE 1 A,
2 B,
2 C CHAR (5) ;

FREE A;
When the structure is allocated, A.B has
the extent -10 to +10 and A.C is a VARYING
character string with maximum length 5 and
the value null. When the structure is
freed, only the major structure name is
given. All of a controlled structure must
be freed or allocated; it is an error to
attempt to obtain storage for part of a
structure"

Although a declaration for a controlled
variable is also only a description of the
storage, once an ALLOCATE statement has
been executed for the variable, its name
also identifies the location of the
variable.
For this reason" it is
impossible to refer to more than one
generation of a controlled variable at a
particular point in a program.
In fact,
the ALLOCATE statement can also be used for
a based variable, but because the location
of any generation is identified by an
independent locator variable, it is
possible to refer at any point in a program
to any generation of a based variable by
using an appropriate locator value.

BASED VARIAB LES
ALLOCATION BUILT-IN FUNCTION
Where the allocation and freeing of a
variable depend on flow of control, it is
useful to be able to determine if the
variable has been allocated. The
ALLOCATION built-in function returns a
binary in-teger value indicating the number
of generations that can be accessed in the
current task for a given controlled
variable. If the variable is not
allocated, the value zero is returned. The
function reference has the form:

A declaration of a
keyword BASED and,
a locator variable
be associated with
example:

based variable has the
optionally, the name of
that can b~ assumed to
the based variable. For

DCL X FIXED BIN BASED(P);
For this declaration the value of the
variable P will identify the location of
the variable X, except when the reference
is otherwise explicitly qualified, as
described below.

ALLOCATION (a)
where a must be a controlled variable.
Besides the ALLOCATION built-in
function, other built-in functions that may
be useful are the array-handling functions
DIM, which determines the extent Of a
specified dimension of an array, and LBOUND
and HBOUND, which determine the lower and
upper bound respectively of a specified
dimension of a given array. Similarly for
strings, the built-in function LENGTH,
returns the current length of the string.

The association of a pointer variable in
this way is not a special relationship.
P
can be used to identify locations of other
based variables and other locators can be
used to identify other generations of the
variable X.

LOCATOR QUALIFICATION
Because a reference to the value of a based
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variable consists of two parts, i t is a
qualified reference and to distinguish this
from a reference to a member of a
structure, it is called a locator-qualified
reference.
The composite symbol -> (a
minus sign immediately followed by a
greater than sign) represents 'qualified
by' or 'points to'.
For example:
P

->

X

X must be a based variable and P must be a
locator expression. The reference means:
that generation of X identified by the
value of the locator P.
X is said to be
explic~tly locator-qualified.
When a based variable is associated with
a locator variable in a declaration, the
programmer need specify only the name of
the based variable in a reference.
For
examplE~ :
DeL X FIXED BIN BASED(P) ;

statement.
It can also be declared
explicitly as in the following example:
DCL Q POINrER;
Because Q is a variable it must have a
storage class; in this case" AUTOMATIC is
applied by default" Note that a pointer
variable is a program control variable and
therefore cannot be manipulated in the same
way as arithmetic values. Pointer
variables can be collected in arrays and
structures.

Pointer Expression
A pointer expression is either a pointer
variable, which can be qualified or
subscripted" or a function reference that
returns a pointer value.
A pointer expression can be used in the
following ways:

AI.. LOCATE X;

X

=X

1.

As a locator quali fier" in association
with a declaration of a based
variable.

2.

In a comparison operation" for example
in a IF statement (pointer values can
be compared whether equal or not
equal) •

3.

As an argurrent: in a procedure
reference.

+ 1;

The ALLOCATE statement sets a value in
the pointer variable P so that the
reference X applies to allocated storage.
The references to X in the assignment
statement are implicitly locator-qualified
by P. References are explicitly locatorqualifi ed as follows:
Q->X = Q->X + 1:

setting Pointer Variables
This assignment statement has the same
effect as that of the previous example.
A
based variable can be declared without
naming a pointer variable: in this case any
reference to the based variable must always
be explicitly locator-qualified.
(Note that PL/I allows a more general
form of locator qualification than is
described here; see "Multiple Locator
Qualification" at the end of this chapter.
However, the general form is not essential
to an understanding of the remainder of
this chapter.)

POI NTER VARIABLES
A pointer variable is declared contextually
if i t appears in the declaration of a based
variable, if it appears as a locator
qualifier, or if i t appears in the SET
option of an ALLOCATE, LOCArE, or READ
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Before a reference is made to a pointerqualified variable, the pointer must have a
value. A pointer value is obtained from
any of the following:
1.

The NULL built-in function.

2.

The ADDR built-in function.

3.

A READ or LOCATE statement.

4.

An ALLOCATE statement.

All pointer values are originally derived
from one of these three methods.
Such
values can then be manipulated by
assignment that copies a pointer value to a
pointer variable: by locator conversion
that converts an offset value to a pointer
value, or vice versa: by passing the
pointer value as an argument in a procedure
reference; and by returning a pointer value
from a function procedure.

ADDR

BUIL']~-IN

FUNCTION

The ADDR built-in function returns a
pointer value that identifies the first
byte of a variable. The variable can have
any data t:ype or organiz ation and any
storage class. For example:
P = ADDR(X);
where P is a pointer variable and X is any
connected variable. The argument to the
built-in function can be a subscripted
qualified reference. For example:
DCL AC3,2) CHARACTER(S) BASED(P),
B CHAR(S) BASED(Q),
c ( 3, 2) CHARACTER ( S) ;

P
Q

l~DDR(C) ;
ADDR(A(2,1»;

In this example, the arrays A and C refer
to the same storage. The elements Band
CC2,1) also refer to the same storage.
Notice that when a based variable is
overlaid in this way no new storage is
allocated - the based variable uses the
same storage as the variable on which i t is
overlaid (AC3,2) in the example).
This overlay technique can be achieved
by use of the DEFINED attribute, but an
important difference is that for DEFINED
the overlay is permanent. When based
variables are overlaid, the association can
be changed at any time in the program by
assigning a new value to the pointer
variable.
Note that although PL/I does not
permi t thE~ overlay of variables with
different data types, for example,
overlayinq an integer wi th a bit string or
overlayinq a character string with a bit
string, it is possible in this
implementation.
HONever, it should be understood that
this type of programming is invalid use of
PL/I, and the following points should be
noted:
1.

2.

Unless the length of the bit string is
a multiple of eight, data in the base
variable may be corrupted when an
assiqnment is made to the based
varia.ble when running under the
optilmzing compiler since this
compiler produces optimum code from
vali d language.
Incompatibilities between the
attributes of the BASED variable and
the attributes of the base variable,
that is the variable being overlaid,

will be detected only when running
under the checkout compiler with the
NOCOMPATIBLE option.
The ADDR built-in function does not
supply any information on the organization
of a variable. Therefore, if the variable
is an aggregate, it should be in connected
storage if i t is to be referenced as an
entity.
For example, if the variable is a
cross-section of an array" the elements
must not be interleaved. Furthermore, in
this implementation, if the variable is a
varying-length string or an area, control
information is an integral part of the
variable. A varying-length string is
prefixed by a two-byte length field, and an
area is prefixed by 16 bytes of control
information. Thus if the ADDR function is
performed on these types of variable, the
pointer value identifies the start of the
control information.
Other rules that apply to the use of the
ADDR function are given in section G,
nBuilt-in Functions n •

BASED VARIABLES AND INPUT/OUTPUT
Based variables can be transmitted using
either stream-oriented or record-oriented
transmission.
In the list-directed form of streamoriented transmission, provided the based
variables are locator-qualified (implicitly
or ~xplicitly), they are treated in the
same way as other types of variable. For
example:
GET LIST (P->X);
For data-directed transmission, however,
only a based variable that has been
associated with a locator expression in a
declaration can be transmitted. For
example:
DCL Y BASED(Q), Z

B~SED;

PUT DATA(Y);
The variable Z cannot be transmitted in a
PUT DATA or GET DATA (that is. datadirected I/O) statement. Chapter 11
discusses the techniques and facilities of
stream-oriented transmission.
Record-oriented transmission provides
two processing modes: move mode, which
moves data into or out of an allocated
generation of a variable either directly or
indirectly via a buffer; or" locate mode"
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which only moves the data into or out of a
buffer and identifies the storage allocated
within the buffer. Although based
variables can be transmitted using either
mode, t:hey are designed to be used with
locate mode. Based variables are used in
locate mode to describe the contents of a
buffer, and therefore allow data to be
processed while it is in the buffer. Note
that locate mode applies only to BUFFERED
files; also, the files must be SEQUENTIAL,
except for INPUT and UPDATE files
associated with key-sequenced VSAM data
sets. Chapter 12, "Record-Oriented
Transmission," discusses the two modes more
fully.

READ with SEI' statement
In locate mode"
form:

the READ statement has the

READ FILE( file-expression)
SETCelement-pointer-variable) ;
rhis st:atement places a record in a buffer
and idemtifies its location by setting the
specified pointer variable.
Any based
variable qualified by this pointer variable
describes the contents of the buffer. For
example:

FILE (file-expression)
[SET (element-pointer-variable)];
This statement allocates storage in a
buffer for a specified based variable. The
SET option need only be specified if the
based variable has not been associated with
a pointer variable in a declaration.
The LOCATE statement operates
differently from all other transmission
statements.
Because the statement sets a
pointer to a storage address, there is
nothing to transmit until values have been
assigned to that storage. The LOCATE
statement transmits the previous record
(i.e., the contents of storage obtained by
a previous LOCATE statement) i' frees the
storage for that record, and allocates
storage for the next record. The current
record is also transmitted if a WRITE or
CLOSE statement is executed for the same
file.
The following example shows the use
of the LOCATE statement:
DCL 1 STR BASED (P) ,
2 NAME CHAR ( 20) ,
2 RATE FIXED (5, 2) ;
OUTPUT:LOCATE STR FILE(OUT);
/*ASSIGN VALUES TO STR*/
GO TO OUTPUT:

DCL X CHAR(20) BASED(P),
Y(20) CHAR(1) BASED(P);
READ FI LE ( I N) SET ( P) ;

In this program segment, a record is read
into a buffer and the pointer variable P
identifies its location.
The record in the
buffer is treated simultaneously by the
based variable X as a fixed-length
charact,er string and by the based variable
Y as an array of single characters. Note
that P is declared contextually as a
pointer variable and that a reference to X
or Y is implicitly qualified by P.
The next I/O operation on the file
(including closing the file) frees the
buffer.

LOCATE statement

Note: Because of the method of operation of
the LOCATE statement, some care is
necessary when using i t with deviceassociated files, where a number of files
are grouped together; no transmission can
take place after anyone of the group has
been closed.
(see "Device-associated
Files," in chapter 12.)
By using locate mode the programmer can
specify that a number of different forms of
record be held in the same file. For
example:
DCL 1 STR1 BASED(Q),
2 CODE CHAR ( 1),
2 X CHAR (30) ,
1 STR2 BASED(Q),
2 CODE CHAR (1) ,
2 XCS) FIXED BIN:

READ FILE(IN) SETCQ);
IF STR1.CODE= '2' THEN DO;
I=Q->STR2.X (1);
END:

rhe LOCATE statement complements the READ
with SET statement and is used for output
from a buffer. The form is:
LOCATE based-variable
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lIn this program segment each based

I structure has an element CODE that
I identifies the structure. A record is read
land its location is set in Q.

Depending on

Ithe value of CODE, the record can be
I interpreted as STR1 or STR2.
If an element varying-length string is
transmi ttE=d using locate mode" the
SCALARVARYING option of the ENVIRONMENT
attribute must be specified for the file
(see chapt.er 12, "Record-Oriented
Transmission"). The records will include a
two-byte length prefix.

that sets P, the bound value is taken from
X.
Any number of REFER options may be used
in the declaration of a structure provided
that at least one of the following
restrictions is satisfied:
1.

SELF-DEFINING DATA (REFER OPTION)
A self-defining record is one which
contains information about its own fields,
such as the length of a string.
A based
structure can be declared so that such data
can be manipulated. string lengths, array
bounds, and area sizes can all be defined
by variables declared within the structure.
When the structure is allocated (by either
an ALLOCA'rE statement or a LOCATE
statement), the val ue of an expression is
assigned to a variable that defines a
length, bound, or size.
For any other
reference to the structure, the value of
the defining variable is used.

All objects of REFER options are
declared at logical level two, that
is, not declared within a minor
structure. For example:
DECLARE 1 STR BASED,
2 (M,N),
2 ARR(I REFER (M),
J REFER (N» "
2 Xi
When this structure is allocated, the
values assigned to I and J will set
the bounds of the two-dimensional
array ARR.

2.

The REFER option is used in the
declaration of a based structure to specify
that, on allocation of the structure, the
value of an expression is to be assigned to
a variable in the structure and is to
represent the length, bound, or size of
another variable in the structure.
The
REFER option has the following general
format:

The structure is declared so that no
padding between members of the
structure can occur. Section K, "Data
Mapping,ft describes the rules by which
structures are mapped. For example:
DECLARE 1 STR UNALIGNED BASED (P),
2 B FIXED BINARY"
2 C,
3 D FLOAT DECIMAL,
3 E (I REFER (D»
CHAR(J REFER (B»,
2 G FIXED DECIMAL;

element-expression REFER
(element-variable)

Because this structure has the
UNALIGNED attribute, all items require
only byte alignment. Therefore
regardless of the values of Band D
(the REFER objects) no padding will
occur.
Note that D is declared within
a minor structure.

rhe value of the element-expression must be
capable of being converted to an integer.
Any variables used as operands in the
expression must not belong to the structure
containing the REFER option.
The element-variable, known as the
object of the REFER option, must be the
name of a member of the structure being
declared.
It must not be locator-qualified
or subscripted and i t must precede the
member it defines. For example:
DECLARE 1 STR BASED (P) "
2 X FIXED BINARY,
2 Y (L REFER (X»,
L FIXED BINARY INITIAL(lOOO)i
This declaration specifies that the based
structure STR will consist of an array Y
and an element X. When STR is allocated,
the upper bound is set to the current val ue
ot L which is assigned to X.
For any other
reference to Y" such as a READ statement

3.

If the REFER option is used only once
in a structure declaration,
restrictions 1 and 2 can be ignored
provided that:
a.

For a string length or area size,
the option is applied to the last
element of the structure.

b.

For an array bound, the option is
applied either to the last element
of the structure or to a minor
structure that contains the last
element. The array bound must be
the upper bound of the leading
dimension. For example:
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DeL 1 STR BASED (P),
2 X FIXED BINARY,
2 Y,
3 Z FLOAT DECIMAL,
3 M FIXED DECIMAL,
2 D (L REFER (M»,
3 E (50),
3 F (20);
Note that the leading dimension of
an array can be inherited from a
higher level.
For example, if we
had declared STR(4) in the above
example, the leading dimension
would have been inherited from
STR(4) and so i t would not have
been possible to use the REFER
option in D.
This declaration does not satisfy
restrictions 1 or 2; the REFER
object M is declared within a
minor structure and padding will
occur.
However, restriction 3 is
satisfied as the REFER option is
applied to a minor structure that
contains the last element.

When the value of a refer object has
been changed, the next reference to the
structure causes remapping.
For example:
DCL 1 A BASED(P),
2 B,
2 C (I REFER(B»,
2 D,
I INIT(10)i
ALLOCATE Ai

B

The structure must not be freed until
the object is restored to the value it
had when allocated.

2.

The structure must not be written out
while the object has a value greater
than the value wi th which it was
allocated.

3.

The structure may be written out when
thE~ object has a value equal to or
less than the value it has when
allocated. The number of elements,
the string length, or area size
actually written will be that
indicated by the current value of the
object.
For ex am pI e:

DCL 1 A BASED (P),
2 B FIXED BINARY (15,0),
2 C CHAR (Il REFER (B»,
2 D FIXED BINARY (15,0),
2 E CHAR (I2 REFER (D»,
(Il,I2) INIT (10);
ALLOCATE A;

5·,

B

DCL 1 REC BASED (P),
2 N,
2 A (M REFER(N»,
M INITIAL (100);

ALLOCATE REC;
N = 86;
WRITE FILE (X) FROM (REC);
In this example, 86 elements of REC
are written.
It would be an error to
attempt to free REC at this point
since N must be restored to the val ue
i t has when allocated (i.e., 100). If
N was assigned a value greater than
100, an error would occur when the
WRITE statement was encountered.
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5;

The next reference to A after the
assignment to B will cause the structure to
be remapped to reduce the upper bound of C
from 10 to 5, and to allocate to D storage
immediately following the new last element
of C.' Al though the structure is remapped.,
no data is reassigned - the contents of the
part of storage originally occupied by the
structure A are unchanged,.
If the
programmer does not take account of
remapping" errors can occur. consider the
following example, in which there are two
REFER options in the one structure:

If the value of the object of a REFER
option varies during the program then:
1.

=

The mapping of A with the original and new
values of B is as follows:
B

B

B=10

C
C

D

E

B=5

o

now refers to data that was originally
part of that assigned to the characterstring variable C. This data will be
interpreted according to the attributes of
D - that is, as a fixed-point decimal
number - and the value obtained will be
taken to be the length of E.
Hence, the
length of E is unpredictable.

LIST PROCESSING
List processing is
techniques to help
of data. Although
PL/I are also used

the name for a number of
manipulate collections
arrays and structures in
for manipulating

collections of data, list processing
techniques are more flexible in that they
allOti collections of data to be
indefinitE~ly reordered and extended during
program execution. It is not the purpose
here to illustrate these techniques but
simply to show how based variables and
locator variables serve as a basis for this
type of process ing.
A list that has at least one pointer
within each member that identifies the
location of another member in the list is
called a chained or threaded list. The
primary application of the ALLOCATE and
FREE statE~ments is to build these lists.

ALLOCATE STATEMENT FOR BASED VARIABLES
The form of the ALLOCATE statement is:
ALLOCATE based-variable
[IN (a.rea-variable) ]
[SET(locator-variable)]
[ , based-variable
[IN (area-variable) ]
[SET(locator-variable)]] ••• ;
I'he based variable can be any data type or
organization.
The SET option is needed if
the based variable was declared without an
associated pointer variable or if it is
required to leave the pointer that was
declared with the based variable unchanged,
and to set a different pointer to the
generation of the based variable that is
being allocated.
Both based and controlled variables can
be alloca-ted in the same statement.

FREE STATEMENT FOR BASED VARIABLES
rhe form of the FREE statement is:
FREE [locator-qualifier->]
based-variable [IN (area-variable)]
[, [locator-qualifier->]
based-variable [IN (area-variable)]] ••• ;
A particular generation of a based variable
is freed by specifying a pointer qualifier
in the statement.
If a qualifier is
Omitted, the pointer variable associated
with the based variable in its declaration
is used; i t is an error in this case if a
pointer variable has not been associated
with the based variable.
A FREE statement cannot be used to free
a locate-mode I/O buffer.

Both based and controlled variables can
be freed in the same statement.

MULTIPLE GENERATIONS OF BASED VARIABLES
All current generations of a based variable
can be referred to by specifying
appropriate pointer variables.
In list
processing, a number of based variables
with many generations can be included in a
list. Members of the list are chained
together by a pointer in one member
identifying the location of another member.
Note that the allocation of a based
variable cannot specify where in main
storage the variable is to be allocated.
In practice a chain of items may be
scattered throughout main storage.
But by
accessing each pointer the next member is
found. A member of a list is usually a
structure that includes a pointer variable.
For example:
DCL 1 STR BASED(H),
2 P POINTER,
2 DATA,
T POINl'ERi

ALLOCATE STR;
T=H;

NEXT:ALLOCATE STR SET (T->P) ;
T=T->P;

GO TO NEXT;
In this program segment, a list of
structures is created. The structures are
generations of STR and are linked by the
pointer variable P in each generation. The
independent pointer variable T identifies
the previous generation during the creation
of the list. The first ALLOCATE statement
sets the pointer H to identify it.
Ultimately the pointer H identifies the
start, or head, of the list. The second
ALLOCATE statement sets the pointer P in
the previous generation to identify the
location of this new generation.. The
assignment statement T=T->P; updates
pointer T to identify the location of the
new generation.
Figure 8.1 s·hows a diagrammatic
representation of a one-directional chain.
Note that, unless the value of P in each
generation is assigned to a separate
pointer variable for each generation, the
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ITEM 1

r-------->ITEM 2

r------------------,I----J1
1
1 Forwards Pointer I
1------------------1
1
1
Data 1
1
1
1
1

L------------------J

Figure 8.1.

r--------> ITEM 3
~-----------------,

r------------------,1----J1
1
I Forwards Pointer 1

1------------------1
1
I
1
Data 2
I
I
I

L------------------J

r----

I

I
I----J
1 Forwards Pointer I
1------------------1
I
I
1
Data 3
1
1
I

L------------------J

Example of one-directional chain

generat.ions of STR can
the order in which the
For the above example,
statements can be used
generation in turn:

be accessed only in
list was created.
the following
to access each

unallocated controlled variable>. The
value of a pointer variable that no longer
identifies a generation of a based
variable, for example, when a based
variable has been freed, is undefined.

T=H:
NXT: T->DATA=X:
TYPES OF LIST
T=T->P;
GO TO NXT;

NOLL BUILT-IN FUNCTION
When a list is created in the way
jescribed, it is necessary to indicate the
end of the list. The NULL built-in
function returns a pointer value that
cannot identify a location in storage.
Thus by setting the pointer in the last
generation in a list to the value of NULL a
positive indication of the end of the list
is given.
For example:
NXT:

T=H;
IF

THEN
DO;
T->DATA=X;

T~=NULL

T=T->P:
GO TO NXT:
END;
This program segment can be used instead of
the previous example to scan the list: i t
is assumed that the pointer P in the final
generation of STR has been set to the value
of NULL.
In general, the value of a NULL built-in
function is used whenever a pointer (or
offset) variable should not identify a
location in storage.
Note that the only
way a pointer can acquire the null value is
by assignment of the NULL built-in function
(apart from one special case, namely the
assignment of the value returned by the
ADDR built-in function when passed an
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The foregoing examples showed a simple list
processing technique, the creation of a
unidirectional list. More complex lists
can be formed by adding other pointer
variables into the structure. If a second
pointer were added, i t could be made to
point to the previous generation. The list
would then be bidirectional; from any item
in the list, the previous and next items
could be accessed by using the appropriat.e
pointer value.
Instead of the last pointer
value being set to the value of NULL, i t
c an be set to point to the first item in
the list, thus creating a ring or circular
list.
A list need not consist only of
generations of a single based variacle.
Generations of different based structures
can be included in a list by setting the
appropriate pointer values.
Items can be
added and deleted from a list by
manipulating the values of pointers. A
list can be restruc·tured by manipulating
the pOinters, so that the processing of
data in the list may be simplified.
By reducing the amount of movement of
data within main storage, the programmer
can generally achieve a considerable saving
on processing time. Note, however" that
each pointer requires four bytes of storage
and any allocated based variable requires
at least eight bytes of storage" even if it
is a bit string of length one.

AREAS
When a based variable is allocated, the
storage is obtained from wherever i t is
available. consequently, a list of

allocated based variables could be
scattered widely throughout main storage.
For internal operations on the list, this
is not significant, because items are
readily accessed using the pointers.
However, if the list is to be transmitted
to a data set, the items would have to be
collected together. Items allocated within
an area variable are already collected and
can be transmitted or assigned as a unit
while still retaining their separate
identi tiE~s.
It is desirable to identify the
locations of based variables within an area
variable relative to the start of the area
variable.. Offset variables are defined for
this purpose.
If pointer variables were
used they would be unlikely to be valid
when the area variable were transmitted
back to main storage.

available for other allocations. In fact
the implementation maintains a chain of
available storage within an area; the head
of the chain is held within the 16 bytes of
control information. Inevitably, as based
variables with different storage
requirements are allocated and freed, gaps
will occur in the area when allocations do
not fit available spaces. Thus the extent
of an area may contain allocations that
have been freed :but are still significant.
A significant allocation is one that has
not been freed or that has been freed but
has at least one unfreed allocation
follOWing it. When an area has no
significant allocations, the extent is
zero.
Note that based variables are always
allocated in multiples of eight bytes.
No operators, not even comparison, can
be applied to area variables.

Area Variables
Offset Variables
The AREA attribute defines an area of
storage that is to be reserved for the
allocation of based variables.
The
declaration of an area variable has the
form:
DCL identifier AREA [(size)];
The amount of storage to be reserved is
given in bytes; i.e. the integral value of
"size". If size is not given, a default of
1000 bytes is assumed.
The size of an area is adjustable in the
same way as a string length or an array
bound and therefore it can be specified by
an expression or an asterisk (for a
controlled area or parameter) or by a REFER
option (for a based area).
The maximum
size of an area is limited only by the
amount of main storage a vai lable to the
program.
In addition to the declared size, an
extra 16 bytes of control information,
which contains such details as the amount
of storage in use, precedes the reserved
size of an area.
The amount of reserved storage that is
actually in use is known as the extent of
the area. The maximum extent is
represented by the area size.
Based
variables can be allocated and freed within
an area at any time during execution. This
means that the extent of an area varies as
storage is used. Because any based
variable can be allocated within an area,
they could require different amounts of
storage. When a based variable is freed,
the storage it occupied is marked as

Offset variables are a special form of
pointer used exclusively with area
variables. The value of an offset variable
indicates the location of a based variable
within an area variabl. e relative to the
start of the area.
Because the based
variables are identified relatively, if the
area variable is assigned to a different
part of main storage, the offset values are
not invalidated. Note that offset
variables do not preclude the use of
pointer variables within an area.
An
offset variable is declared as follows:
DCL identifier
OFFSET [ (element-area-variable)];
The association of an area variable with
an offset variable is not a special
relationship; an offset variable can be
associated with any area variable by means
of the POINTER built-in function (see
"Locator Conversion" below). The advantage
of making such an association in
declaration is that a reference to the
offset variable implies reference to the
associated area variabl e.
Note that the appearance of an area
variable in the declaration of an offset is
a contextual declaration of the area
variable.

Locator Conversion
When an offset variable is used in a
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reference, it is implicitly converted to a
pointer value; the address value of an
associated area variable is added to the
offset value.
Explici t conversion of an
offset to a pointer value is accomplished
using the POI NTER built-in functi on.
For
example:
DCI.. P POINTER, 0 OFFSET(A) ,B AREA;

P := POINTERCO,B);
This statement assigns a pointer value to
P, giving the location of a based variable,
identified by offset 0 in area B. Because
the area variable is different from that
associated with the offset variable, the
programmer must ensure that the offset
value is valid for the different area. It
would be valid" for example, if area A had
been assigned to area B prior to the
invocation of the function.
The OFFSET built-in function complements
the POINTER built-in function and returns
an offset value derived from a given
pointer and area. The gi ven pointer value
must idEmti fy the location of a based
variable in the given area.

This statement allocates storage for a
based variable within the specified area.
The variable has an offset relative to
the sta rt of the area, and this off set
value is assigned to the locator variable
specified in the SET option. Conversion
takes place if the locator variable is of
pointer type.
Either or both of the
options IN and SET can be implied. For
example:
DCL X BASED CO) II
Y BASEDC P) f
A AREA,
o OFFSET CA) ;

ALLOCATE Xi
ALLOCATE Y IN(A);
The storage c lass of area A and off set 0 is
AUTOMATIC by default. The first ALLOCATE
statement is equivalent to:
ALLOCATE X INCA) SETCO);
The second ALLOCATE statement is equivalent
to:
ALLOCATE Y INCA) SETCP);

In practice, these functions need rarely
be used as most conversions are carried out
implici tly.

offset Expressions
Because an offset is implicitly converted
to a pointer value, offset expressions can
be used interchangeably with pointer
expressions.
An offset expression can be
used as a locator qualifier" in association
with a declaration of a based variable, in
a comparison operation, or as an argument
in a procedure reference.
Note, however,
that an offset variable cannot be specified
in the SET option of a READ or LOCATE
statement.

ALLOCATE Statement wi th the IN Option
An offset value is originally obtained
either by conversion of a pOinter value or
by the SET option of the ALLOCATE
statement. This form of the ALLOCATE
statement is as follows:
ALLOCATE based-variable
[INCelement-area-variable)]
[SET Clocator-variable)];
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The programmer must
implications can be
example, the offset
associated with the
SET option would be

ensure that all
resolved.
If, for
0 had not been
based variable X, the
required.

When the IN and SET options are
specified rather than implied, it is
permissible to use an offset variable that
has been declared with no associated area.,.
The area in the SET option may also be
different from the one in the DECLARE
statement, provided i t is contained within
that area.
For ex am pI e:
DCL 01 OFFSETCA1),
02 OFFSET,
A2 AREA BASEDCP);
ALLOCATE A2 INCA1) SETCP);

ALLOCATE X INCA2) SET(01);
ALLOCATE Y IN CA2) SET (02) ;
The offset variables 01 and 02 have the
values of the offsets of the variables X
and Y, in, respectively, the areas A1 and
A2.
The following example shows how a list
can be built in an area variable using
offset variables. This example is a
rewrite of the example given in "Multiple
Generations of Based Variables" earlier in

this chapt:er.

DECLARE A AREA,
I BASED (P),
J BASED (Q);

DeL A AREA,

I(T, H) OFFSET CA) ,
1 STR BASED CH),
2 P OFFSETCA),
2 DATA;

ALLOCATE STR INCA);
T=H;

ALLOCATE I IN(A), J IN CA);

A = EMPTY();
/*EQUIVALENr TO:
FREE I IN (A), J IN CA); */

T=T->P;

Note that the area variable itself is not
freed, its storage is retained for further
allocations of based variables.

GO TO NEXT;

AREA ASSIGNMENT

NEXT~ALLOCATE

STR SETCT->P) ;

FREE Statement with the IN Option
A based variable allocated within an area
variable can be freed by specifying the

The value of an area expression can be
assigned to one or more area variables by
an assignment statement. Area-to-area
assignment has the effect of freeing all
allocations in the target area and then
assigning the extent of the source area to
the target area, in such a way that all
offsets for the source area are valid for
the target area. For example:
DECLARE X BASED (0(1»,
o C2) OFFSET (A),
(A,B) AREA;

area variable by the IN option:
FREE based-var iable
[INCelement-area-variable)];
Multiple freeing of both based and
controlled variables can be made by the
same FREE statement. When all the current
allocations of variables within an area
variable are to be freed, the EMPTY builtin function is the most convenient method.

ALLOCATE X IN (A);
X = 1;
ALLOCATE X IN (A) SET (0(2»;

O( 2) -> X
B = Ai

=

2;

Given this program segment and using the
POINTER built- in function" the references
POINTER (0(2) ,B) ->X and 0 (2) ->X will
represent the same value allocated ~n areas
B and A respectively.
If a source area containing no
allocations is assigned to a target area,
the effect is merely to free all
allocations in the target area.

EMPTY Built-In Function
When an area variable is allocated, it
automatically has the empty state, i.e.,
the area extent is zero. The value of the
EMPTY built-in function can be assigned to
an area variable to free ali allocations in
the variable. The f unction reference does
not require arguments but must be given a
null argument list if the name has not been
declared BUILTIN. For example:

A possible use for area assignment is to
allow for expansion of a list of based
variables beyond the bounds of its original
area. When an attempt is made to allocate
a based variable within an area that
contains insufficient free storage to
accommodate it, the AREA condition is
raised (see below). The on-unit for this
condition could be to change the value of a
pointer qualifying the reference to the
inadequate area, so that it pointed to a
different area; on return from the on-unit,
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the allocation would be attempted again,
within the new area. Alternatively, the
on-unit could write out the area and reset
it to EMPTY.

required is governed by the area length
(i.e., area size + 16).

MULTIPLE LOCATOR QUALIFICATION
~REA

ON-Condition

The AREA condition is raised in any of the
following circumstances:
1.

2.

3.

When an attempt is made to allocate a
based variable within an area that
contains insufficient free storage for
the allocation to be made.
When an attempt is made to perform an
area assignment, and the target area
is too small to accommodate the extent
of the source area.
When a SIGNAL AREA statement is
executed.

The ONCODE built-in function can be used
to determine whether the condition was
raised by an allocation, an assignment, or
a SIGNAL statement. On normal return from
the on-unit, the action is as follows:
1.

2.

If the condition was raised by an
allocation, the allocation is reattempted.
If the on-unit has changed
the value of a pointer qualifying the
reference to the inadequate area so
that it points to another area, the
allocation is re-attempted within the
new area.
Note that if the on-unit
does not effectively correct the
fault, a loop may result.
If the condition was raised by an area
assignment, or by a SIGNAL statement,
execution continues at the point of
interrupt.

If no on-unit is specified, the system will
cornrnen-t. and raise the ERROR condition.

INPUT/OUTPUT OF AREAS
The area facility is designed to allow easy
input and output of complete lists of based
variables as one unit, to and from RECORD
files.
On output, only the area extent,
together with the 16 bytes of control
information, is transmitted (although the
extent does include freed allocations which
are still significant). Thus the unused
part of an area does not take up space on
the data set.
Because the extents of areas
may vary, V-format or U-format records
should be used. The maximum record length
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Locator qualification is the association of
one or more locator val ues with a based
variable to identify a particular
generation of the based variable.
Reference to a based variable can be
explicitly qualified as follows:
element-locator-expression->
[based-locator-variable-> ••• ]
based-variable
A number of general rules can be stat.ed
concerning the use of locator
qualification:
1.

Locator qualification is used to
indicate the generation of a based
variable to which the associated
reference applies.

2.

If an offset expression or an offset
variable is used as a locator
qualifier, its value is implicitly
converted to a pointer value on each
reference to 'the based variable.

3.

When more than one locator qualifier
is used in a reference, only the
first, or leftmost, can be a function
reference; all other locator
qualifiers must themselves be based
variables.
Note, however, that an
entry variable can be based and can
represent a function that returns a
locator value ..

4.

When more than one locator qualifier
is used, they are evaluated from left
to right.

Reference to a based variable can also
be implicitly qualified. The locator value
used to determine the generation of a based
variable that is implicitly qualified is
the one declared with the based variable.
Because the locator declared with a based
variable can a Iso be based, a chain of
locator qualifiers can be implied. For
example:
DECLARE (P(10) ,Q) POINTER,
R POINTER BASED (Q),
V BASED (P (3» "
W BASED (R),
Y BASED;
ALLOCATE R, V, W;
Given this declaration and allocation, the
following are valid references:

->

1.

P(3)

2.

V

3.

Q

->

R

4.

R

->

W

5.

W

V

->

W

References 1 and 2 are equivalent as are
references 3, 4 and 5.
Note that any
reference to Y must include a qualifying
locator variable.

represents one level of locator
qualification: an offset represents two
levels because it is implicitly qualified
within an area. The number of levels is
not affected by a locator being subscripted
and/or an element of a structure. Under
the optimizing compiler, the maximum number
of levels of locator qualification allowed
in a reference depends on the available
storage., but it will never be less than
ten: there is no limit under the checkout
compiler.
For example:
DECLARE X BASED CP),
P POINTER BASED (Q),
Q OFFSET (A):

Levels of Locator Qualification
A. pointer that qualifies a based variable

Given this declaration the references:
X,
P -> X, and Q -> P -> X all represent three
levels of locator qualification.
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Chapter 9: Subroutines and Functions

The block structure of PLiI permits the use
of subroutines and programmer-defined
functions.
Subroutines and functions are
groups of statements that can:
1.

be invoked from different points in a
program to perform the same
frequently-used process.

2.

process data passed from different
points of invocation.

3.

return control, and in the case of
functions, return a value derived from
the execution of the function, to a
pOint immediately following the pOint
of invocat ion.

Subroutines and functions may be either
internal or external to the invoking block.
Built-in functions are always external
procedures which are permanently maintained
in a PL/I system environment, and are an
integral part of the PL/I language.
f)

The ,J:ulE#s given in this chapter for the
use of (i-subroutine depend on whether the
subroutine or function is an external or
internal procedure: this is because the
compiler can determine the relationship
between t.wo procedures from the procedures
themselves when the invoked procedure is
internal to toe invoking procedure:- When
the invoked procedure is external the
relationship must be given explicitly in
the invoking procedure.
Consequently i t is
necessary to supply more information about
an external subroutine or procedure in the
invoking procedure to enable the compiler
to produce the required object program.
A subroutine is a procedure invoked by a
CALL stat.ement or CALL option of an INITIAL
attribute.
A function, either programmer-defined or
built-in, is invoked ~ the presence of a
'function reference' in an expression. A
function reference is an entry expression
which represents an entry name of a
function.
(An entry name is an identifier
which represents a particular entry point
of a procedure.)
The definitive difference between a
subroutine and a function in PL/I is that a
subroutine does not return data values to
the point: of invocation, whereas a function
procedure returns a value to replace the
function reference in the evaluation of the
expression in which the function reference
appears.

Both subroutines and functions can make
use of data known in the invoking block.
There are two methods by which data can be
made available:
1.

Data represented by names which are
known in both the invoking block and
the invoked procedure.
For
information about the rules for
deciding where a name is known see
chapter 7, "Recognition of Names".

2.

Arguments and Parameters: valu~s from
the invoking block can be passed to
the invoked procedure by writing
arguments in an argument list
associated with a CALL statement or
option, or function reference: these
values are made available by
parameters in the invoked procedure.
Parameters are identifiers which
appear in the parameter list of an
invoked entry point. The number of
arguments and parameters must be the
same: the maximum number permitted for
a particular entry point is 64.
A parameter has no storage associated
with it:
it is simply a means of
allowing the invoked procedure to
access storage allocated in the
invoking procedure. A reference to a
parameter in a procedure is
effectively a reference to the
corresponding argument. Any change to
the value of the parameter is made to
the value of the argument. However in
certain circumstances a dummy argument
is created and the value of the
origina I argument is not changed.
These are:
a.

When the attributes of an argument
differ from those of the
corresponding parameter. The
value of the original argument is
converted and assigned to a dummy.

b.

When only a value is passed as an
argument. For example, when an
argument is a constant.

c.

When the argum en t
defined array.

is an iSUB-

In these cases, a reference to the
parameter is effectively a reference
to the durrmy.
'!he dummy and the
parameter initially have the same
value as the original argument, but
subsequent changes to the parameter do
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not affect the original argument's
value. Storage for dummy arguments is
within that belonging to the invoking
procedure.
Both internal and external subroutines
and functions are normally link-edited, and
loaded into main storage at the same time
as the calling procedure.
An external
subroutine or function may, however, be
compil-ed, link-edited, and loaded
separately from the calling procedure. ~y
the use of FETCH and RELEASE statements 1n
the calling procedure, the subroutine or
fUnction is allowed to remain on auxiliary
storage until required in the calling
procedure, at which time i t is fetched into
main storage; and it may be deleted from
main storage when i t is no longer required.
rhis dynamic loading of external procedures
is described in chapter 6, "Program
Organization" •

Entry points of subroutines and
Functions
A subroutine or function procedure may have
one or more entry points.
PROCEDURE Statement: The primary entry
point to a procedure is established by the
PROCEDURE statement.
ENTRY Statement: Secondary entry points to
a procedure are established by the ENTRY
statement.
Each PROCEDURE and subsidiary ENTRY
statement can specify its own parameters
and, in the case of function procedures,
returned value attributes.
However, the
environment established on entry to a block
at a PROCEDURE statement is identical to
the environment established when the same
block is invoked at a secondary entry
pOint. Each entry point has an associated
entry name. The length of the name for an
external entry-point to a PLiI procedure is
limited to seven characters.
Entry names are explicitly declared in
the invoking block as entry constants for
internal procedures by their presence as
prefixes to PROCEDURE or ENTRY statements;
it is an error to declare an internal entry
name in a DECLARE statement. External
entry names must be declared explicitly as
entry constants with the EN'fRY attribute.
Entry variables are identifiers with the
attributes ENTRY and VARIABLE which
represent entry constants assigned to them.
A reference to an entry variable is a
reference to its latest assigned entry
constant value.
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ENTRY Attribute
The general form of the ENTRY attribute is:
identifier ENl'RY
[(parameter descriptor list)]
[YARIABLE]
[RETURNS (attribute list)]
[OPTIONS (options list)]
The parameter dE~scriptor list is used to
specify the attributes of the parameters
associated with the entry point represented
by the identifier. The parameter
descriptor must provide accurate
information about the attributes of the
parameters so that the compiler can create
the correct dummy arguments.
If the
parameter descriptor list is omitted from
an external entry declaration. the compiler
must assume that the attributes of any
arguments match those of the corresponding
parameters.
No conversions are performed.
Further information is given under the
heading "Parameter Descriptor List" in this
chapter.
The RETURNS attribute may be given to
specify the attributes of the value
returned by the function procedure.
The OPTIONS attribute is required if the
entry point is in an external function or
subroutine that has been compiled by a
COBOL or FORTRAN compiler.
Further
information is given in chapter 19,
"Interlanguage Communications".

Exit-Points of Subroutines and
Functions
The RETURN statement is used to return
control to the point immediately following
the point of invocation; the GOTO statement
is used to transfer control to some other
point; and the END statement can also be
used to return control from a subroutine
procedure in the same way as a RETURN
statement.
For a function procedure, the
RETURN statement must specify an element
expression whose value is given to the
function reference in the expression in
which i t appears.

RETURNS Attribute and RETURNS Option
The RETURNS attribute specifies for the
invoking block the attributes of the value
to be received from the function procedure.
The RETURNS option specifies for the
function procedure the attributes that a

value to be returned should have.
If the
value dOE~s not have these attributes., the
appropriate conversion is performed before
the func1:ion relinquishes control and
returns the value.
If the REl'URNS option is not specified,
the attributes of the returned value are
assumed by default according to the initial
letters of the entry-point narre. The
standard default assumptions are: REAL
FIXED BINARY (15,0) for initial letters in
the range (I:N) and REAL FLOAI' DECIMAL (6)
for the ranges (A:H) and (O:Z) and the
characters $, #~ ~.
The RETURNS attribute must not be
specified for an internal entry name
because t:he compiler can determine the
attributes of the returned value from the
function procedure itself.
If it is not
specified for an external entry name or an
entry variable, the compiler assumes
defaul t attributes (determined from the
name of the entry point) for the value
returned from the function. consequent:ly
the RETm~NS attribute and the RETURNS
option must both be given in the situation
when an E~xternal function procedure must
return a value with attributes which cannot
be determined correctly by default. The
attributes in both the RETURNS attribute
and the HEl'URNS option should agree, since
the val UE~ returned by tile function will
have the attributes specified in the
option, whereas the invoking procedure
always assumes that the value will have the
attributes specified in the RETURNS
attributE~.

Subroutines

procedure can begin.

Upon termination of a subroutine,
control is usually returned to the invoking
block. A subroutine can be terminated by
any of the following statements.

END Statement: Control reaches the final
END statement of the subroutine. Execution
of this statement causes control to be
returned to the CALL statement from which
the subroutine was invoked (unless control
passes to another task).

RETURN Statement: Control reaches a RETURN
statement in the subroutine. This causes
the same normal return caused by the END
statement.

GO TO Statement: Control reaches a GO TO
statement that transfers control out of the
subroutine.
(This is not permitted if the
subroutine is invoked by the CALL option of
the INITIAL attribute.) The GO TO
statement may specify a label in a
containing block (the label must be known
within the subroutine), or it may specify a
pa~ameter that has been associated with a
label argument passed to the subroutine.
Although this is a valid terrrination of the
subroutine, it is not normal return of
control, as effected by an END or RETURN
statement.

The PL/I statements associated with the use
of subroutine procedures are discussed
below.
A subroutine is a procedure that usually
requires arguments to be passed to it in an
invoking CALL statement. It can be either
an external or an internal procedure. A
referencE~ to such a procedure is known as a
subroutine reference. The general format
of a subroutine reference in a CALL
statement or CALL option of an INITIAL
attribute is as follows:
CALL ent:ry-expression
[(argument[,argumentl ••• »):
Whenever a subroutine is invoked, the
arguments of the invoking statement are
associated with the parameters of the entry
pOint, and control is then passed to that
entry point. The subroutine is thus
activated, and execution of the subroutine

EXIT Statement: The EXIT statement
encountered in a subroutine abnormally
terminat~ execution of that subroutine and
of the task associated with the procedure
that invoked it.

STOP statement: The STOP statement
encountered in a subroutine abnormally
terminates execution of that subroutine and
of the entire program associated with the
procedure that invoked it.
Use of Subroutines: The following examples
illustrate how a subroutine interacts with
the procedure that invokes it.
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A:

PRMAIN: PROCEDURE;
DECLARE N~ME CHARACTER (20),
I'I'EM BIT(S), OUTSUB ENrRY:

CALL OUTSUB (NAME,

ITEM):

END PRMAIN;
OUTSUB:
PROCEDURE (A,B);
DECLARE A CHARACTER (20) "
B BIT(S) ;

PUT LIST (A,B);

END OUTSUB;

In procedure PRMAIN, NAME is declared as a
charact,er string, and ITEM as a bit string.
rhe CALL statement in PRMAIN invokes the
procedure called OUTSUB, and the
parenthesized list included in this
procedure reference contains the two
arguments being passed to ourSUB. The
PROCEDURE statement defining OUTSUB
declares two parameters, A and B. When
OUTSUB is invoked, NAME is associated with
~ and ITEM is associated with B.
Each
reference to A in OUTSUB is treated as a
reference to NAME and each reference to B
is treated as a reference to ITEM.
Therefore, the PUT LIST (A,B) statement
causes the values of NAME and ITEM to be
written into the standard system output
file, SYSPRINT.
Note that in the
declaration of OUTSUB within PRMAIN, no
parameter descriptor need be associated
with the ENTRY attribute, since the
attributes of NAME and ITEM match those of,
respectively, A and B.

PROCEDURE;
DECLARE RATE FLOAT (10), TIME FLOATCS),
DISTANCE FLOAT(lS), MASTER FILE;

CALL READCM CRATE, TIME, DISTANCE,
MASTER) ;

READCM: PROCEDURE CW,X,Y,Z);
DECLARE W FLOAT Cl0), X FLOATCS),
Y FLOATC1S), Z FILE;

GET FILE (Z) LIST CW,X,y);
Y = W*X:
IF Y > 0 THEN RETURN:
ELSE PUT LISTC'ERROR READCM'):
END READCM:
END Ai
The arguments RATE, TIME, DISTANCE, and
MASTER are passed to the parameters W, X"
Y, and Z. consequently, in the subroutine,
a reference to W is the same as a reference
to RATE, X the same as TIME, Y the same as
DISTANCE" and Z the same as MASTER.

Functions
Unlike a subroutine" which is invoked by a
CALL statement or a CALL option" a function
is invoked by the appearance of the
function name Cand associated arguments) in
an expression. Such an appearance is
called a function reference.
Like a
subroutine, a function can operate upon the
arguments passed to it and upon other known
data.
But unlike a subroutine, a function
is written to compute a single value which
is returned, with control, to the point of
invocation. This single value can be of
any data type except entry. An example of
a function reference is contained in the
following procedure:
MAINP: PROCEDURE;

A name is explicitly declared to be a
parameter by its appearance in the
parameter list of a PROCEDURE or ENTRY
statement. However, its attributes, unless
jefaults apply, must be explicitly stated
within that procedure in a DECLARE
statement.

GET LIST ( A;, 8"

X
It can be seen that the use of arguments
and parameters provides the means for
generalizing procedures so that data whose
names may not be known within such
procedures can" nevertheless, be operated
upon.
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C,

Y);

Y**3+SPRODCA"B,C):

In the above procedure, the assignment
statement
X = Y**3+SPRODCA,B,C):
contains a reference to a function called

SPROD. 'rhe parenthesized list following
the function name contains the arguments
that are being passed to SPROD. Assume
that SPROD has been defined as follows:

example, assume that MAINP and SPROD have
been defined as follows:
MAINP:

PROCEDURE;

SPROD: PROCEDURE (U,V,W);
GET LIST (A~B,C,Y);
X
Y**3+SPROD(A,B,C,LAB1);

IF U > V + W
THEN RETURN (0);
ELSE RErORN (U*V*W);
LAB1:

CALL ERRT;

END SPROD;
END MAINP;
when SPROD is invoked by MAINP" the
arguments A, B, and C are associated with
the parameters U, V, and W, respectively.
Since attributes have not been explicitly
declared for the arguments and parameters,
default attributes of FLOAr DECIMAL (6) are
applied ·to each argument and parameter.
Durinq the execution of SPROD, the IF
statement is encountered and a test is
made. If U is greater than V + W, the
statement associated with the THEN clause
is execu-ted; otherwi se, the statement
associated with the ELSE clause is
executed,. In either case, the executed
statement is a RETURN statement.
RETURN S'tatement: The RETURN statement is
the usual way by which a function is
terminated and control is returned to the
invoking procedure. Its use in a function
differs somewhat from its use in a
SUbroutine; in a function, not only does it
return control but it also returns a value
to the point of invocation.
The general
form of the REI'URN statement, when it is
used in a function, is as follows:
RETURN (element-expression);
The value of the element expression is
returned to the invoking procedure at the
point of invocation. Thus, for the above
example, SPROD returns either 0 or the
value represented by U*V*W, along with
control 'to the invoking expression in
MAINP. ~rhe returned val ue is taken as the
value of the function reference, and
evaluation of the invoking expression
continues.
GO TO Statement: A function can also be
termina ted by execution of a GO TO
statement. If this method is used,
evaluation of the expression that invoked
the func,tion will not be completed, and
control will go to the designated
statemen't. As in a subroutine, the
transfer point specified in a GO TO
statemen·t may be a parameter that has been
associated with a label argument. For

SPROD:

PROCEDURE (U, V, w,
DECLARE Z LABEL;

Z) ;

IF U > V + W
THEN GO TO Z;
ELSE REl'URN (U*V*W);

END SPROD;
In MAINP, LABl is explicitly declared to be
a statement label constant by its
appearance as a label for the CALL ERRT
statement. When SPROD is invoked, LABl is
associated with parameter Z.
Since the
attributes of Z must agree with those of
LABl, Z is declared to have the LABEL
attribute. When the IF statement in SPROD
is executed, a test is made. If U is
greater than V + w, the THEN clause is
executed, control returns to MAINP at the
statement labeled LABl, and evaluation of
the expression that invoked SPROD is
discontinued.
If U is not greater than V +
W, the ELSE clause is executed and a return
to MAINP is made in the normal fashion.
Additional information about the use of
label arguments and label parameters is
contained in the section "Relationship of
Arguments and Parameters" in this chapter.
Note: In some instances, a function may be
so defined that it does not require an
argument list. In such cases, the
appearance of an external function name
within an expression will be recognized as
a function reference only if the function
name has been explicitly declared to be an
entry name. See "ENTRY Attribute" in this
chapter for additional information.

ATTRIBUTES OF RETURNED VALUES
RETURNS Attribute:
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.

is specified in a DECLARE statement for an
external entry name. It specifies for the
invoking block the attributes of the value
returned by that function.
It further
specifies, by implication, the ENTRY
attribute for the name. Unless attributes
for thE~ returned value can be determined
correctly by default, any invocation of an
external function must appear within the
scope of a declaration with the RETURNS
attribute for the entry name.
The genera I format of the RETURNS
attribute is:
RE:TURNS (attribute-list)
A RETURNS attribute specifies that within
the invoking procedure the value returned
from an external function procedure is to
be ~lted as though it had the attributes
given in the attribute list. The word
treated is used because no conversion is
performed in an invoking block upon any
value returned to it. The attributes gi ven
in a RE:TURNS attribute must agree with the
data attributes given in the corresponding
RETURNS option" since the value returned
will have attributes determined from the
RETURNS option.
The RETURNS attribute cannot be given
for an internal procedure. The attributes
of the returned value are determined from
the RETURNS opt,ion at the entry point, if
given; otherwise according to default rules
as applied to the identifier of the entry
constant.
RETURNS Option: The RETURNS option is
specified in a PROCEDURE or ENTRY statement
of a function procedure. It specifies the
attributes to which the value returned by
the function will be converted before

n~·~~

cy

(entry-expre~ion

Igeneric
GENERIC
WHEN
eneric-descriptor-lis~
[,e try-expression
WHEN(generic-descriptor-list)] ••• );
where generic-descriptor-list is:
([descriptor[,descriptor] ••• ])
Each entry-expression corresponds to one
procedure entry point in the family. The
entry expression can be an entry name or an
expression which represents an entry name.
Each descriptor in the generic-descriptor
list corresponds to a single argument, and
may specify attributes that the
corresponding argument must have in order
that the associated entry name can be
selected. Where no descriptor is required,
it may be either omitted or indicated by an
asterisk. The asterisk form is essential
if the missing descriptor is the only
descriptor.
For example, whereas (,)
represents two descriptors (*) represents
one. The generic descriptor list which is
to represent the absence of any argument
take s the form:
•••• ENTRY1 WHEN ( ) •••
An entry expression is chosen from those
specified in a generic declaration by a
process known as generic selection.
Generic selection is performed by comparing
arguments specified in a function reference
or CALL statement with the contents of the
generic descriptor list supplied with each
entry expression in the GENERIC
declaration. Firstly, each generic
descriptor list is checked, in order of
appearance in the declaration to determine
whether it contains the same number of
descriptors as there are arguments in the
reference to the generic name,.

return~

Generic Entry Names and References
A generic entry name represents a family of
procedure entry points, each member of
which c:an be invoked by a generic
reference, that is, a procedure reference
using t~he generic name in place of the
actual entry name.
The member invoked is
determined according to the number and
attributes of the arguments specified in
the generic reference; the member that is
invoked is the first one whose generic
descriptor list matches the arguments both
in number and attributes.
A gEmeric name must be declared wi th the
GENERIC attribute. The general format of
this at:tribut e is as follows:
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When a generic descriptor list with the
same number of descriptors as arguments is
found, each descriptor is tested with the
corresponding argument to determine whether
attributes given in the descriptor are
attributes of the argument. For example,
if a generic descriptor list contains:
••••• (FLOAT,FIXED)
and the corresponding two arguments have
attributes such as DECIMAL FLOAT(6) and
BINARY FIXED(15,O) either explicitly,
contextually, implicitly, or by default,
then each attribute in the genericdescriptor list is an attribute of the
corresponding argument and the selection is
successful. However, if either argument
did not have the attributes in the
corresponding descriptor, the selection
process would consider the next generic
member with just two descriptors. For
example consider tbe following statement:

DECLARE CALC GENERIC
(FXDCAL WHEN (FIXED,FIXED),
FLOCAL WHEN (FLOAT,FLOAT),
MIXED WHEN CFLOAT,FIXED»;
rhis statement defines CALC as a generic
name having three members, FXDCAL, FLOCAL,
and MIXED. One of these three function
procedures will be invoked by a generic
reference to CALC, depending on the
characteristics of the two arguments in
that refe:rence.
For example, consider the
following statement:
Z=X+CALC (X, Y) ;
If X and Yare floating-point and fixedpoint, respectively, MIXED will be invoked.
In a similar manner, an entry point to a
procedure can be selected by means of
dimensionality. For example,
DCL

D GENERIC CDl WHEN(C*»,
02 WHENC(*,*»),
A C2) "
B (3,5) ;

CALL DCA);
CALL DCB);
When the first call statement is executed,
the procedure entry point Dl will be
invoked. When the second call statement is
executed, the procedure entry point D2 will
be invoked.

return only an element value.
Note: Some built-in functions will
actually be compiled as in-line code rather
than as procedure invocations.
The use of a built-in function with a
list, such as SUBSTR (X,Y,Z) or
INDEX(A,'B'), is recognized without further
identification being necessary to establish
the identifier as a built-in function.
However, any built-in function or
pseudovariable which does not have a
parenthesized argument list, such as
ONCHAR, ONSOURCE, TIME, must be either
declared explicitly with the attribute
BUILTIN, or specified with a null argument
list (for example TIME(»
in the block in
which the identifier is used as a built-in
function.
Built-in function names can be used as
programmer-defined names. consequently,
ambiguity may occur if a built-in function
reference is used in a block that is
contained in another block in which the
same identifier is declared for some other
purpose. To avoid this ambiguity, the
BUILTIN attribute can be declared for a
built-in function name in any block that
has inherited, from a containing block,
some other declaration of the identifier.
Consider the following example.
A: PROCEDURE;

If all the descriptors are omitted or
consist of an asterisk, the first entry
name with the correct number of descriptors
is selected.

B:

The program is in error if no generic
descriptor list is found to match the
attributes of the arguments to a particular
generic function reference.

BEGIN;
DECLARE SQRT FLOAT BINARY;

C:

Built-in Functions

END C;

Besides function references to procedures
written by the programmer, a function
reference may invoke one of a comprehensive
set of pre-defined functions called
built-in functions.
Buil t-in functions are an intrinsic part
of PL/I. They include not only the
commonly used arithmetic fUnctions but also
other necessary or useful functions related
to language facilities, such as functions
for manipulating strings and arrays.
Built-in functions are invoked in the
same way that programmer-defined functions
are invoked. However, many built-in
functions can return an array of values"
whereas a programmer-defined function can

BEGIN;
DECLARE SQRT BUILTIN;

END B;

END Ai

Assume that in external procedure A, SQRT
is contextually declared with the attribute
BUILTIN. Consequently, any reference to
SQRT would refer to the built-in function
of that name.
In B, however, SQRT is
declared to be a floating-point binary
variable, and it cannot be used in any
other way. Finally, in C, SQRT is declared
with the BUILTIN attribute so that any
reference to SQRT will be recognized as a
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reference to the built-in function and not
to the floating-point binary variable
declared in B.
Note that a variable having the same
identifier as a built-in function can be
implicitly declared as an arithmetic
variable by, for instance, its appearance
on the left-hand side of an assignment
symbol (in an assignment statement, a DO
statement, or a repetitive specification)
or in the data list of a GET statement,
provided that it is neither enclosed within
nor immediately followed by an argument
list.
(This also applies to the names
ONCHAR, ONSOURCE, and PRIORITY which are
pseudovariables that do not require
arguments.) For example, if the statement
SQRT = 1 had appeared in begin block B
instead of the DECLARE statement, SQRT
would have been implicitly declared as a
floating-point decimal variable.
A programmer can even use a built-in
function name as the entry name of a
programmer-defined fUnction and" in the
same program, use both the built-in
function and the programmer-defined
function.
This can be accomplished by use
of the BUILTIN attribute when the
programmer-defined function is an internal
procedure, and by use of the BUILTIN and
ENTRY attributes when the programmerdefined function is an external procedure.
The following example illustrates use of
the BUILTIN attribute in conjunction with
an internal function procedure.
A:
PROCEDURE ;
SQRT: PROC(PARAM) RETURNS (FIXED (6, 2»
DECLARE PARAM FIXED (12);

END SQRT;

X

;

The use of SQRT as the label of the second
PROCEDURE statement is an explicit
declaration of the identifier as an entry
name. The function reference in the
assignment statement in A thus refers to
the programmer-written SQRT function.
In
the begin block B, the identifier SQRT is
declared with the BUILTIN attribute.
Consequently, the function reference in the
assignment statement in B refers to the
built-in SQRT function.
For a programmer-written internal
function using the name of a built-in
function any reference to the identifier in
the containing block would be a reference
to the programmer-written function. In the
above example the attributes of the
returned value are specified in the RETURNS
option of the procedure statement for SQRT.
Since the function procedure is internal"
these attributes are known to the calling
procedure.
In the case of a programmer-written
external function procedure using as an
entry name the name of a built-in function,
any procedure containing a reference to
that function procedure name must also
contain an entry declaration of that name;
otherwise a reference to the identifier
would be a reference to the built-in
function.
In the above example, if the
begin block B were not contained in A,
there would be no need to specify the
BUILTIN attribute; unless the identifier
SQRT is gi ven attributes other than BUILTIN
(by explicit or contextual declaration), it
refers to the built-in fUnction. If the
procedure SQRT were an externa 1 procedure,
procedure A would need the following
statement to declare explicitly SQRT as an
entry name, and to speci fy the attributes
of the values passed to and returned from
the programmer-written function procedure.
DCL SQRT ENTRY (FIXED (12»
(FIXED (6,2» ;

RETURNS

SQRT(Y);

FORTRAN Library Functions
B:

BEGIN;
DECLARE SQRT BUILTIN;

Z

SQRT (P);

END B;

END A;
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Library functions, analagous to PL/I builtin functions, are associated with FORTRAN
compilers. These functions may be invoked
from a PL/I program by means of PL/I
interlanguage communication facilities.
The facilities are described in chapter 19.

Buil t-in Subroutines
A PL/I programmer can avail himself of
certain operating system facilities by

using built-in subroutines. These have
entry names that are defined by the
implementation and are invoked by means of
the CALL statement. The operating system
facilities and the corresponding entry
names are as follows.
Checkpoint/restart (implemented by the
optimizing compiler only): PLICKPT,
PLIREST, PLICANC

the value of the dummy argument and not in
the value of the original argument from
which i t was constructed.
A dummy argument is always created when
the original argument is any of the
following:
1.

A constant.

A CALL statement specifying PLICKPT,
PLIREST, or PLICANC is treated as a null
statement by the checkout compiler.

2.

An expression involving operators.

3.

An expression in parentheses.

sort/merge:
PLISRTD

4.

A variable whose data attributes are
different from the data attributes
declared for the parameter. This does
not apply when an expression other
than a decimal integer constant is
used to define the bounds, length or
size of a controlled parameter: the
compiler assumes that the argument and
parameter bounds, length or size
match.
(In the case of arguments and
parameters with the PICTURE attribute,
a dummy argument will be created
unless the picture specifications
match exactly, after any repetition
factors have been applied. The only
exception is that an argument or
parameter with a + sign in a scaling
factor matches a parameter or argument
without the + sign.)

5.

A function reference with an argument
list.

Relationship of Argwnents and
Parameters

6.

When a function or subroutine is invoked, a
relationship is established between the
arguments of the invoking statement or
expression and the parameters of the
invoked entry point. This relationship is
dependent upon whether or not dummy
arguments are created.

A controlled string or area, or a
string or area with an adjustable
length or size, associated with a noncontrolled parameter whose length or
size is a constant.

7.

An iSUB-defined array.

PLISRTA, PLISRTB, PLISRTC,

In addition, there is a subroutine,
PLIDUMP, that provides an edited dump of
main storage, and another, PLIRETC, that
allows the user to set the return code of
his program.
The entry names are known as built-in
names, and can be explicitly or
contextually declared to have the BUILTIN
attribute. They are not reserved words.
The use of these subroutines is
described in the following publications:
os PL/I Optimizing Compiler: programmer's
Guide and os PL/I Checkout Compiler:
Programmer's Guide.

The attributes of a dummy argument
created for an argument to be passed to an
internal procedure are derived as follows:
1.

From the attributes declared for the
associated parameter in the internal
procedure.

2.

For the bounds of an array, the length
of a string or the size of an area, if
specified by asterisk notation in the
parameter declaration, from the bound,
length or size of the argument itself.

DUMMY ARGUMENTS
In the preceding discussions of a~uments
and parameters, it is pointed out that the
name of an argument, not its value, is
passed to a subroutine or function.
However, this is not always possible. A
constant, for example, has no name; nor
does an operational expression. Therefore,
the compiler provides storage for such
values and associates the name of the
corresponding parameter with each. These
storage locations are called dummy
argument~.
The PL/I programmer should be
aware of their existence because any change
to a parameter will be reflected only in

In all other cases~ a reference to the
argument is passed directly (in effect, the
storage address of the argument is passed).
The parameter becomes identical wi th the
passed argument; thus, changes to the value
of a parameter will be reflected in the
value of the original argument only if a
dummy argument is not passed.
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ENTRY ATTRI BUTE
The EN'rRY attribute is used to identify the
entry name of an external procedure. The
use of the ENTRY attribute to identify the
entry constant of an internal procedure is
invalid; its use to identify each entry
point of an external procedure is
mandatory. The general form of the ENTRY
attribute is described in "Use of the ENTRY
Attribute", earlier in this chapter.
Note that the format allows the keyword
ENTRY to be specified without an
accompanying parameter descriptor list when
used to identify a function entry name that
does not require arguments, or when the
arguments and parameters match. The
parame·ter descriptor list must be specified
with an ENTRY attribute that identifies the
entry name of an external procedure if
arguments do not match parameters. The use
of the attribute VARIABLE in an entry
declaration establishes the identifier as
an ent~y variable. An entry variable
represents an entry constant after
assignment of the entry constant to the
entry variable.
If an entry variable is
used in a function reference or CALL
statement to invoke an entry point to which
arguments are to be passed, the entry
variable should be declared with a
parameter descriptor list which specifies
the attributes of the parameters of the
entry point, otherwise erroneous arguments
may be passed.

Parameter Descriptor Lists
Each set of attributes, or descriptor" in
the parameter descriptor list in the ENTRY
attribute specification corresponds to one
parameter of the subroutine or function
invoked" and if given, specifies the
attributes of that parameter. The
attributes of an individual parameter are
separated by blanks to form a parameter
descriptor for each parameter; parameter
aescriptors in a parameter descriptor list
are separated by commas.
In general, if
the attributes of an argument do not agree
with those of its corresponding parameter
(as specified in a parameter descriptor
list), a dummy argument is constructed for
that argument if conversion is possible.
The dummy argument contains the value of
the original argument converted to conform
with the attributes of the corresponding
parameter. Thus, when the subroutine or
function is invoked, i t is the dummy
argument that is passed to it.
When a descriptor list is given with the
ENTRY attribute, each parameter of the
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subroutine or function must be accounted
for. When the attributes of the argument
and parameter match, the descriptor may be
either omitted or indicated by an asterisk,
but commas delimiting the descriptors must
not be omitted. For example, the
statement:

DECLARE SUBR ENTRY (FIXED"FLOAT);

specifies that SUER is an entry point that
has three parameters:
the first and third
have the attributes FIXED and FLOAT,
respectively, while the attributes of the
second are assurred to be the same as those
of the argument being passed. Since the
attributes of the second parameter are not
stated, no assumptions are made.
As mentioneq earlier, the ENTRY
attribute may be specified without a
parameter descriptor list.
It is used in
this way to indicate that the associated
identifier is an entry name.
Such an
indication is necessary if an identifier is
not otherwise recognizable as an entry
name, that is, if it is not explicitly
declared to be an entry name by its
appearance as a label of a PROCEDURE or
ENTRY statement.
Therefore, if a reference is made to an
entry name in a block in which it does not
appear in this way" the identifier must be
given the ENTRY attribute explicitly.
For
example, assume that the following has been
specified:
A:

PROCEDURE;

PUT LIS T ( RANDOM) ;

END Ai
Assume also that A is an external procedure
and RANDOM is an external function that
requires no arguments and returns a random
number. As the procedure is shown above"
RANDOM is not recognizable within A as an
entry name, and the result of the PUT
statement therefore is undefined. In order
for RANDOM to be recognized within A as an
entry name, it must be declared to have the
ENTRY attribute. .For example:

A: PROCEDURE;
DECLARE RANDOM ENTRY;

procedure A, the value of the entry
name B.
3.

PUT LIST (RANDOM);

END A;
NOw, RANDOM is recognized as an entry name,
and the appearance of RANDOM in the PUT
statement cannot be interpreted as anything
but a function reference.
Therefore, the
PUT statement results in the output
transmission of the random number returned
by RANDOM.

When a built-in function name or an
entry expression is used without an
argument list as an argument to a
built-in function, the function
specified by the argument is not
invoked provided that the built-in
function will accept an argument of
type ENTRY.
If the built-in function
will not accept an entry argument, the
argument is assumed to be a reference
to the value of the function.
For
example:
DCL DATE BUILTIN, Z CHAR(2);

~ote:

The ENTRY attribute is implied -and therefore need not be stated explicitly
-- for an identifier that is declared in a
DECLARE statement to have one of the entry
name attributes RETURNS, OprIONS,
REDUCIBLE, or IRREDUCIBLE.

Z

SUBSTR CDATE,5,2);

The days field is extracted from the
value returned by the DATE built-in
function

Entry Expressions as Arguments

4.
When an entry name is specified as an
argument of a function or subroutine
reference, one of the following applies:
1.

If the entry expression argument, call
it M, is specified with an argument
list of its own, i t is recognized as a
function reference; M is invoked, and
the value returned by M effectively
replaces M and its argument list in
the containing argument list. For
example:

If the entry expression argument to a
user-defined function appears without
an argument list and neither within an
operational expression nor within
parentheses, the entry expression
itself is passed to the function or
subroutine being invoked. In such
cases, the entry expression is not
taken to be a function reference, even
if i t is the name of a function that
does not require arguments. For
example:
CALL ACB) ;

CALL A

CM CB) ) ;

This passes the value returned by the
funct.ion procedure M.
If the entry expression argument
appears with a null argument list;, it
is taken to be a fUnction reference
with no arguments.
For example:
CALL ACB () ) ;
This passes, as the argument to
procedure A, the value returned by the
funct~ion procedure B.
2.

If the entry expression argument has
no argument list and appears within
parenthesis, a dummy entry variable is
creat~ed.
For ex am pI e:
CALL AC (B»

;

This passes, as the argument to

This passes the entry expression B as
an argument to procedure A. If the
corresponding parameter in A has been
declared with the attribute ENTRY, it
will be given the attribute VARIABLE
by default. If B is an entry
variable, it will be passed to the
parameter in the same way as for any
argument whose attributes match those
of the parameter. If B is an entry
constant a dummy is created and
passed, as for any constant argument.
If an identifier is known as an entry
name and appears as an argument and if
the parameter descriptor for that
argument specifies an attribute other
than ENTRY, the entry name will be
invoked and its returned value passed.
If the value returned has different
attributes from those specified in the
parameter descriptor, conversion is
performed. For example:
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A:

Therefore, since RREAD is recognized
as an entry name and not as a filllction
reference, the entry narre is passed at
invocation. Since NAME is an entry
parameter, it is given the attribute
VARIABLE by default. Since RREAD is a
constant, a dummy entry argument is
created, and this is passed to NAME.

PROCEDURE:
DEC LARE B ENTRY,
C ENTRY(FLOAT):

x

= C(B):
2.

The second argument, SQRT(R), is
recognized as a built-in function
reference because of the argument list
accompanying the entry name. SQRT is
invoked g and the value returned by
SQRT is assi9ned to a dummy argument,
which will be passed to the subroutine
SUBR. The attributes of the dummy
argument agree with those of the
second parameter, as specified in the
parameter attribute list declaration.
When SUBR is invoked, the dummy
argument is passed to it.

3.

The third ar9ument, S, is simply a
decimal floating-point element
variable. However, since its
attributes do not agree with those of
the third parameter, a dummy argument
is created containing the value of S
converted to the attributes of the
third pararreter. When SUBR is
invoked, the dummy argument is passed.

4.

The fourth argument, LAB1, is a
statement-label constant.
Its
attributes a9ree with those of the
fourth parameter. But since it is a
constant, a dummy argument is created
for it. When SUBR is invoked, the
dummy argument is passed.

END A:
In this case, B is invoked and its
returned value is passed to C.
Consider the following example:
CALLP:

PROCEDURE:
DECLARE RREAD ENTRY,
SUBR ENTRY (ENTRY, FLOAT,
FIXED BINARY, LABEL):

GET LIST (R, S) :

CALL SUBR (RREAD, SQRTeR), S,
LABI);

LABI :

CALL ERR T (S) :

END CALLP;
SUBR:

PROCEDURE (NAME, X, J, TRANPT):
DECLARE NAME ENTRY, TRANPT LABEL:

IF X

>

J

THEN CALL NAME(J):
ELSE GO TO TRANPT:

END SUBR;
In this example, assume that CALLP, SUBR,
and RREAD are external. In CALLP, both
RREAD and SUBR are explicitly declared to
have the ENTRY attribute. The explicit
declaration for SUBR is used to provide
information about the characteristics of
the parameters of SUBR.
Four arguments are
specified in the CALL SUBR statement.
rhese arguments are interpreted as follows:
1.
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The first argument, RREAD, is
recognized as an entry name (because
of the ENTRY attribute declaration).
This argument is not in conflict with
the first parameter descriptor
specified in the ENTRY attribute
declaration for SUBR in CALLP.
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In SUBR, four parameters are explicitly
declared in the PROCEDURE statement. If no
further explicit declarations were given
for these parameters, arithmetic default
attributes would be supplied for each.
Therefore, since NAME must represent an
entry name, it is explicitly declared with
the ENTRY attribute, and since TRANPT must
represent a statement label, it is
explicitly declared with the LABEL
attribute.
X and J are arithmetic" so the
defaults are allowed to apply.
Note that the appearance of NAME in the
CALL statement does not constitute a
contextual declaration of NAME as a builtin procedure. Such a contextual
declaration is rrade if no explicit
declaration applies. However the
appearance of NAME in the PROCEDURE
statement of SUBR constitutes an explicit
declaration of NAME as a parameter. If the
attributes of a parameter are not
explicitly declared in a complementary
DECLARE statementjJ arithmetic defaults
apply. Consequently, NAME must be
explicitly declared to have the ENTRY

attributE~; otherwise, i t would be assumed
to be a binary fixed-point variable, and
its use in the CALL statement would result
in an error.

identifier.

Parameter Bounds, Lengths, and Sizes
A.LLOCATION OF PARA.METERS
Since a parameter has no associated storage
within the invoked procedure, it cannot be
declared to have any of the storage class
attributes STATIC, AUTOMATIC, or BASED.
It
can, howE~ver, be declared to have the
CONTROLLE:D attribute. Thus, there are two
classes of parameters, as far as storage
allocation is concerned: those that have
no storage class, i.e., simele parameters,
and thosE~ tha t have the CONTROLLED
attributE~, i. e., controll ed parameters.
A simple parameter may be associated
with an argument of any storage class.
However, if more than one generation of the
argument exists, the parameter is
associated only with that generation
existing at the time of invocation.
A cont.rolled parameter must always have
a corresponding controlled argument. Such
an argument cannot be subscripted, cannot
be an element of a structure, and cannot
cause a dummy to be created.
If more than
one generation of the argument exists at
the time of invocation, the parameter
corresponds to the entire stack of these
generations. Thus, at the time of
invocation, a controlled parameter
represent~s the current generation of the
corresponding argument. A controlled
parameter' may be allocated and freed in the
invoked procedure, thus allowing the
manipulation of the allocation stack of the
associated argument. A simple parameter
cannot be specified in an ALLOCATE or FREE
statement.•
When no parameter descriptor is given,
the entire stack is passed.
In this case,
the parameter may be simple or controlled
and be correspondingly associated with
either the latest generation or the entire
stack.

Parameter Attributes
Parameters cannot be declared with the
attributes DEFINED or BASED. A parameter
may be used as a base identifier for
overlay defining and it may be used for
record-oriented transmission only provided
it has the CONNECTED attribute.
A
parameter always has the attribute
INTERNAL. It must be a level-one

If an argument is an array, a string, or an
area, the bounds of the array. the length
of the string, or the size of the area must
be declared for the corresponding
parameter. The number of dimensions and
the bounds of an array parameter, or the
length and size of an area or string
parameter, must be the same as the current
generation of the corresponding argument.
Usually, this can be assured simply by
specifying actual numbers for the bounds,
length, or size of the parameter.
If the bounds, length, or size are not
known a·t the time the subroutine or
fUnction is written, they may be specified
by asterisks, for simple parameters, or
asterisks or eXpressions for controlled
parameters.

Simple Parameter
Sizes

~ounds,

Lengths, and

When the actual length, bounds" or size of
a simple parameter may be different for
different invocations, they can be
specified in a DECLARE staterrent by
asterisks. When an asterisk is used, the
length, bounds, or size are taken from the
current generation of the corresponding
argument.
An asterisk is not allowed as the length
specification of a character or bit string
that is an element of an aggregate, if the
corresponding argument is such that a dummy
is created. The string length must be
specified as a decimal integer constant.

Controlled Pararreter Bounds, Lengths,
and Sizes
The bounds, length, or size of a controlled
parameter can be represented in a DECLARE
statement either by asterisks or by element
expressions.
Asterisk Notation: When asterisks are
used, length, bounds, or size of the
controlled pararreter are taken from the
current generation of the corresponding
argument. Any subsequent allocation of the
controlled parameter uses these same
bounds, length, or size, unless they are
overridden by a different length , bounds,
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or size specification in the ALLOCATE
statement.
If no current generation of the
argument exists, the asterisks only
determine the dimensionality of the
parameter, and an ALLOCATE statement in the
invoked procedure must specify bounds,
length, or size for the controlled
parameter before other references to the
parameter can be made.

SUB2: PROCEDURE CX,Y,NAMEA,N);
DECLARE (X(N),Y(N»CONTROLLED,
NAMEA CHARACTER (*),
N FIX ED ( 3, 0) ;

ALLOCATE X,Y;

RETURN;
END SUB2;
Expression Notation:
The bounds, length,
or size of a controlled parameter can also
be specified by element expressions. These
expressions are evaluated at the time of
allocation.
Each time the parameter is
alloca·ted, the expressions are re-eval uated
to give current bounds, length" or size
for the new allocation. However, such
expressions in a DECLARE statement can be
overridden by a bounds , length, or size
specification in the ALLOCATE statement
itself.
For example:

MAIN: PROCEDURE OPTIONS(MAIN);
DECLARE (A(20), B(30), C(100),
D(100»CONTROLLED,
NAME CHARACTER (20),
I FIXEDC 3, 0) ;

ALLOCATE A,B;
CALL SUB1CA,B);
FREE A,B;

FREE A,B;
GET LIST (NAME" I) ;
CALL SUB2 (C,D,NAME,I);

When SUB1 is invoked, A and B, which
have been allocated as declared, are
passed. SUB1 declares its parameters with
the asterisk notation. The ALLOCATE
statement, however, specifies bounds for
the arrays; consequently, the allocated
arrays, which are actually a second
generation of A and B, have bounds
different from the first generation. If no
bounds were specified in the ALLOCATE
statement, the bounds of the first and the
new generation would be identical.
On return to MAIN, the first FREE
statement frees the second generation of A
and B (allocated in SUB1 as parameters),
and the second FREE statement frees the
first generation (allocated in MAIN).
When SUB2 is invoked, C and 0 are passed
to X and Y, NAME is passed to NAMEA, and I
is. passed to N.
In SUB2, X and Yare
declared with bounds that depend upon the
value of I (passed to N). When X and Yare
allocated, this value determines the bounds
of the allocated array.

FREE C,D;

AI though NAME (corresponding to NAMEAJ
is not controlled, the asterisk notation
for the length of NAMEA indicates that the
length is to be picked up from the argument
(NAME) •

END MAIN;

ARGUMENT AND PARAMETER TYPES

SUB1: PROCEDURE (U,V);
DECLARE (U(*), V(*»
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In the procedure MAIN, the arrays A, B, C,
and D are declared with the CONTROLLED
storage class attribute; NAME and I are
AUTOMATIC by default.

ALLOCATE U(30), V(40);

In general, an argument and its
corresponding parameter may be of any data
organization and type. However, not all
parameter/argument relationships are so
clear-cut.
Some need further definition
and clarification: these are given below.

RETURN:
END SUBI;

If a parameter is an element., i.e., a
variable that is neither a structure nor an
array, the argurrent must be an element
expression.
If the argument is a

CONTROLLED;
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subscripted variable, the subscripts are
evaluated before the subroutine or function
is invoked and the name of the specified
element is passed.
If the argument passed
to an external procedure is a constant, the
attributes of th~ corresponding parameter
must agree with the attributes indicated by
the constant, unless there is a
corresponding parameter descriptor in the
entry declaration.

as arguments are assumed to be aligned, so
that no dummy argument is created when only
the alignments of argument and parameter
differ.
Note that the name of a
mathematical built-in function can be
passed as an argument but no other built-in
function name can be passed.

If a parameter is an array, the argument
may be an array expression or an element
expression.
If the argument is an element
expression, the corresponding parameter
descriptor or declaration must specify the
bounds of the array parameter.
The bounds
must be specified as decimal integer
constants.
This causes the construction of
a dummy array argument, whose bounds are
those of the array parameter.
The value of
the element expression is then assigned to
the value of each element of the dummy
array argument.

For example:

If a parameter is a structure, the
argument must be a structure expression or
an element expression.
If the argument is
an element expression, the corresponding
parameter descriptor for an external entry
point must specify the structure
description of the structure parameter
(only level numbers need be used -- see the
discussion of the ENTRY attribute.in
section I, "Attributes", for details).
This causes the construction of a dummy
structure argument, whose description
matches that of the structure parameter.
The value of the element expression then
becomes the value of each element of the
dummy structure argument.
The relative
structuring of the argUment and the
parameter must be the same: the level
numbers need not be identical.
The element
value must be one that can be converted to
conform with the attributes of all the
elementary names of the structure.
If the parameter is an array of
structures, the argument can be the
expression representing an element, an
array, a structure or an array of
structures.
If a parameter is a label, the argument
must be either a label variable or a label
constant.
If the argument is a label
constant, a dummy argument is constructed.
If the parameter is an entry , the
argument must be an entry name or a generic
name.
If the arg~nt is a generic name
the parameter descriptor (or parameter
declaration, if the invoked procedure is
internal) must give parameter descriptions
to enable generic selection to be made
before passing an entry.
Under the
optimizing compiler, entry variables passed

If a parameter is a file, the argUment
must be a file variable or file constant.

E:

PROCEDURE:
DECLARE F1 FILE:
CALL E1 (F1) ;

E1: PROCEDURE(F2);
DECLARE F2 FILE;
CALL E2 (F2) ;

E2: PROCEDURE (F3):
DECLARE F3 FILE;

END Ei

The file parameters Fl, F2, and F3 all
refer to the same file.
Input/output onunits for file parameters are discussed in
chapter 14, "Execution Condition Handling
and Program Checkout" '.
If the parameter is a fixed length
string, and if a dummy argument is not to
be created, then the argument must also be
a fixed length string. Similarly, if a
dummy is not to be created when the
parameter is a varying length string, the
argument must be a varying length string.
Whenever a varying-length element string
argument is passed to a non-varying element
string parameter whose length is undefined
(i.e.
specified by an asterisk), the
current length of the argument is passed to
the invoked procedure.
When the argument
is a varying-length string array passed to
a non-varying undefined-length parameter,
only one length is passed, namely the
maximum length.
If a parameter is a locator of either
pointer or offset type, the argument must
be a locator expression of either type.
If
the types differ, a dummy argument is
created.
The parameter descriptor of an
offset parameter must not specify an
associated area.
If the parameter is an ~ , the
argument must be an area expression. If
the sizes differ, a dummy argument is
created.

Chapter 9:

Subroutines and Functions

117

Passing an Argument to the Main
Procedure
A single argument can be passed using the
PARM field in the statement for the step
executing the PL/I program.
See OS PL/I
Optimizing Compiler: Programmer's Guide
and as PL/I Checkout Compiler:
Programmer's Guide.
If this facility is
used, the parameter must be declared as a
VARYING character string; the maximum
length is 100, and the current length is
set equal to the argument length at object
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time.

For example:

TOM:

PROC (PARAM) OPTIONS (MAIN);
DCL PARAM CHAR(100) VARYIl:'X;:

The value in the PARM field of the EXEC
statement for the execution job step will
be passed to TOM.
Storage is allocated only for the
current length of the argument; the source
program will overwrite adjacent information
if a value greater than the current length
is assigned to the parameter.

Chapter 10: Input and Output

PL/I includes input and output statements
that enable data to be transmitted between
the internal and external storage devices
of a computer. A collection of data
external to a program is called a data set.
rransmission of data from a data set to a
program is termed input, and transmission
of data from a program to a data set is
called output.
PL/I input and output statements are
concerned with the logical organization of
a data set and not with its physical
characteristics; a program can be designed
without specific knowledge of the
input/output devices that will be used when
the program is executed.
To allow a source
program to deal primarily with the logical
aspects of data rather than with its
physical organization in a data set, PL/I
employs a symbolic representation of a data
set called a file. A file can be
associated with different data sets at
different times during the execution of a
program.
TWo types of data transmission can be
used by a PL/I program. In stream-oriented
transmission, the organization of the data
in the data set is ignored within the
program, and the data is treated as though
it actually were a continuous stream of
individual data items in character form;
data is converted from character form to
internal form on input, and from internal
form to character form on output. In
record-oriented transmission, the data set
is considered to be a collection of
discrete records. No data conversion takes
place during record transmission; on input
the data is transmitted exactly as it is
recorded in the data set, and on output it
is transmitted exactly as it is recorded
internally.
(This is not strictly true for
ASCII data sets - see "Information
Interchange Codes" in this chapter.) It is
possible for the same data set to be
processed at different times by either
stream transmission or record transmission;
however, all items in the data set would
have to be in character form.
stream-oriented transmission is ideal
for simple jobs, particularly those that
use punched card input and have limited
output; a minimum of coding is required of
the programmer, especially for punched card
input and printed output.
Stream-oriented
transmission also allows communication with
the program at execution time from a
terminal, if the program is being run under
the Time Sharing Option. However" compared

with record-oriented transmission, streamoriented transmission is less efficient in
terms of execution time because of the data
conversion it involves, and more space is
required on external storage devices
because all data is in character form.
Record-oriented transmission is more
versatile than stream-oriented
transmission, with regard to both the
manner in which data can be processed and
the types of data set that it can process.
Since data is recorded in a data set
exactly as it appears in main storage, any
data format is acceptable; no conversion
problems will arise, but the programmer
must have a greater awareness of the
structure of his data.
This chapter discusses those aspects of
PL/I input and output that are common to
stream-oriented and record-oriented
transmi ssion, including files and their
attributes, and the relationship of files
to data sets. The next ,two chapters
describe the input and output statements
that can be used in a PL/I program, and the
various data set organizations that are
recognized in PL/I.

Data Sets
Data sets are stored on a variety of
auxiliary storage media, such as punched
cards, reels of magnetic tape, magnetic
disks, and magnetic drums.
Despite their
variety, these media have many common
characteristics that permit standard
methods of collecting, storing, and
transmitting data.
For convenience, the
general term volume is used to refer to a
unit of auxiliary storage, such as a reel
of magnetic tape or a disk pack, without
regard to its specific physical
composi tion.
The data items within a data set are
arranged in distinct physical groupings
called blocks.
(This discussion has to be
slightly modified for teleprocessing
applications, where the data set is in fact
a queue of messages and the term "block" is
not strictly applicable.
However, a
message is similar to a block in that it
may consist of one or more records.
Teleprocessing is discussed in chapter 12,
"Record-Oriented Transmission..") These
blocks allow the data set to be transmitted
and processed in portions rather than being
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written onto an ASCII data set. Each
character in the ASCII code is represented
by a seven-bit pattern and there are 128
such patterns.
In EBCDIC, each character
has an eight-bit pattern, and there are 256
possibilities. The ASCII set includes a
substi tute character (the SUB control
character) that is used to represent EBCDIC
characters having no valid ASCII code.
(In
the American National Standards Institute
table, this is the character having the
column 1, row 10 position.) Upon reading
this data, the character would be
translated to the EBCDIC SUB character,
which has the bit pattern 00111111.

Files
To allow a source program to deal primarily
with the logical aspects of data rather
than with its physical organization in a
data set, PL/I employs a symbolic
representation of a data set called a file.
This symbolic representation determines how
input and output statements access and
process the associated data set. Unlike a
data set, however, a file has significance
only within the source program and does not
exist a s a physical entity external to the
program.
PL/I requires that an identifier which
represents a file be declared with the FILE
attribute. Such an identifier may either
be a file constant or a file variable. A
file variable is a data item to which a
file constant can be assigned. After
assignment, a reference to the file
variable has the same significance as a
reference to the assigned file constant.
Each data set processed by a PL/I program
must be associated with a file constant
identifier.
File Constants: The individual
characteristics of each file are described
with keywords called file description
attributes. The following lists show the
attributes that apply to each type of data
transmission:
stream-Oriented Transmission
FILE
STREAM
INPUT
OUTPUT
PRINT
ENVIRONMENT

Record-Oriented Transmission
FILE
RECORD
INPUT
OUTPUT
UPDATE
SE QUEN'rI AL
DIRECT
TRANSIENT
BUFFERED
UNBUFFERED
BACKWARDS
KEYED
EXCLUSIVE
ENVIRONMENT
File variables: A file variable is an
identifier that has the attributes FILE and
VARIABLE; it cannot have any of the file
description attributes (except FILE). File
variables can be collected into arrays or
structures.
Note that the VARIABLE
attribute can be implied by~ for example,
the dimension attribute.
File expressions: A file expression can be
a reference to a file constant~ a file
variable, or a function reference which
returns a value with the FILE attribute.
A detailed description of each of these
attributes appears in section I,
"Attributes." The discussions below give a
brief description of each of the file
description attributes and show how these
attributes are declared 'for a file.

FILE ATTRIBUTE
The FILE attribute indicates that the
associated identifier is a file constant or
variable.
For example, the identifier
MASTER is declared to be a file constant in
the following statement:

DECLARE PAYREC(10) FILE;
PAYREC(I), where I has a value from 1 to
10, has the attribute FILE by explicit
declaration and the attribute VARIABLE by
implication of the dimension attribute (10)
in the DECLARE statement.

The attributes associated with a file
constant fall into two categories:
alternative attributes and additive
attributes. An alternative attribute is
one that is chosen from a group of
attributes.
If no explicit or implicit
declaration is given for one of the
alternative attributes in a group and if
one of the alternatives is required, a
default attribute is assumed.

An additive attribute is one that must
be stated explicitly or is implied ty
another explicitly stated attribute. The
additive attribute KEYED is implied by the
DIRECT attribute. The additive attribute
PRINT can be implied by the standard output
file name SYSPRINT. An additive attribute
can never be implied by default.

Note: With the exception of the INTERNAL
and EXTERNAL scope attributes, all the
alternative and additive attributes imply
the FILE attribute. Therefore, the FILE
attribute need not be specified for a file
that has at least one of the alternative or
additive attributes already specified
expli ci tly •
.

DECLARE MASTER FILE;
In the following statement" the
identifier ACCOUNT is declared to be a file
variable, and ACCT1, ACCT2, •••
are
declared to be file constants; the file
constants may subsequently be assigned to
the file variable.

ALTERNATIVE ATTRIBUTES

DECLA.RE ACCOUNT FILE VARIABLE,
ACCT1 FILE,
ACCT2 FILE,

rhe following example shows how the
VARIABLE attribute may be implied.

PL/I provides five groups of alternative
file attributes. Each group (except scope,
which is discussed in section I,
"Attributes") is discussed individually.
Following is a list of the groups.
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Alter
Attri

Default
Attribute

Usage

STREA IRECORD

STREAM

Function

I NPUT;'OUTPUT IUPDATE

INPUT

A.ccess

SEQUE IALIDIREcrl
TRANSI NT

SEQUENTIAL

BUFFER~DIUNBUFFERED

BUFFERED
(for
SEQUENTIAL
and
TRANSIENT
files);
UNBUFFERED
(for
DIRECT
files)

Buffering

!

Scope

EXTER

LIINTERNAL

ttributes

rhe STREAM and REC RD attributes describe
the type of data t ansmission (streamoriented or record oriented) to be used in
input a.nd output perations for the file.
The STREAM attribute causes a file to be
treated as a continuous stream of data
items recorded only in character form.
The RECORD attribute causes a file to be
treated as a seque ce of records, each
record consisting of one or more data items
recorded in any i
ernal form.
DECLARE MAST
FILE RECORD,
DETAIL FILE STREAM;

INPUT, OUTPUT

and UPDATE Attributes

The function attributes determine the
direction of data transmission permitted
for a file.
The INPUT attribute applies to
files ·that are to be read only. The OUTPUT
attribute applies to files that are to
create or, in some cases, extend data sets.
rhe UPDATE attrib te (which applies only to
RECORD files) des ribes a file that is to
be used for both input and output; i t
allows records to be inserted into an
existing data set and other records already
in that data set 0 be altered.
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The access attributes apply only to a file
with the RECORD attribute, and describe how
the records in the file are to be accessed.
The SEQUENTIAL attribute specifies that
records in the data set are to be accessed
in physical sequence or in key sequence
order.
The DIRECT attribute specifies that
records in a data set may be accessed in
any order. The location of the record in
the data set is determined by a characterstring "key": therefore, the DIRECT
attribute implies the KEYED attribute. The
associated data set must be in a directaccess volume.

EXTERNAL

The scope attributes are discussed in
detail in section I, "Attributes."

STREAM and RECORD

SEQUENTIAL, DIRECT and TRANSIENT
Attributes
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The TRANSIENT attribute applies to files
used for teleprocessing applications. A
TRANSIENT file is associated with a data
set which consists of a queue of messages.
The message queue data set contains
messages originating from and destined for
remote terminals while in transit between a
message control program and the PL/I
message processing program.
The action of
reading a record removes that record from
the data set.
Access is sequential, but
the file must have the KEYED attribute
since a key is used to identify the
terminal concerned; a buffer is always
used, and so the file must also have the
BUFFERED attribute. Teleprocessing is
discussed in chapter 12, "Record-Oriented
Transmission."

BUFFERED and UNBUFFERED Attributes
The buffering attributes apply only to
RECORD files.
The BUFFERED attribute
indicates that records transmitted to and
from a file must pass through an
intermediate internal-storage area. If
BUFFERED is specified, data transmission
is, in most cases, overlapped automatically
with processing.
The UNBUFFERED attribute indicates that
a record in a data set need not pass
through a buffer but may be transmitted
directly to and from the main storage
lassociated with a variable.
A file with
Ithe UNBUFFERED attribute must not be
I blocked. When UNBUFFERED is specified,
data transmission is not overlapped
automatically with processing; the
programmer must use the EVENT option to
achieve such overlapping.
The UNBUFFERED attribute is assumed for

DIRECT files unless BUFFERED is specified
explicitly. The UNBUFFERED attribute is
not allowed for TRANSIENT files.
Note: Specification of UNBUFFERED does not
preclude ·the use of buffers.
In nearly all
cases, "hidden buffers" are required.
These cases are listed in the discussion of
the BUFFERED and UNBUFFERED attributes in
section I, "Attributes."

KEYED attribute does not necessarily
indicate that the actual keys exist on, or
are to be written in, or are to be read
from the data set: consequently, it need
not be specified unless one of the key
options is to be used. The nature and use
of keys is discussed in detail in chapter
12, "Record-Oriented Transmission."

ADDITIVE ATTRIBUTES
EXCLUSIVE Attribute
The additive attributes are:
PRIN'r
BACKWARDS
KEYED
EXCLUSIVE
ENVIRONMENT (option-list)

PRINT Attribute
The PRINT attribute applies only to files
with the STREAM and OUTPUT attributes.
It
indicates that the file is eventually to be
printed, that is, the data associated with
the file is to appear on printed pages,
although it may first be written on some
other medium. The PRINT attribute causes
the initial byte of each record of the
associated data set to be reserved for a
printer control character..

BACKWARDS Attribute
rhe BACKW.ARDS attribute applies only to
SEQUENTIAL RECORD INPUT files and only to
data sets on magnetic tape. It indicates
that a file is to be accessed in reverse
order, beginning with the last record and
proceeding through the file until the first
record is accessed.

When access to a record is restricted to
one task, the record is said to be locked
by that task. The EXCLUSIVE attribute,
Iwhich can be specified for DIRECT UPDATE
files only, provides a temporary locking
mechanism to prevent one task from
interfering with an operation by another
task. It can be suppressed by the NOLOCK
option on the READ statement. Figure 10.1
shows the effects of various operations on
an EXCLUSIVE file.
The EXCLUSIVE attribute will also lock a
record on a data set that is shared between
two PL/I jobs in a multi-programming
environment. The effect is as for sharing
between two tasks.

ENVIRONMENT Attribute
The ENVIRONMENT attribute provides
information that allows the compiler to
determine the method of accessing the data
associated with a file.
It specifies the
physical organization of the data set that
will be associated with the file, and
indicates how the data set is to be
handled.
The general format of the ENVIRONMENT
attribute is
ENVIRONMENT (option-list)

KEYED Attribute

The ENVIRONMENT attribute can be given in a
file declaration or as an option of the
CLOSE statement. When ENVIRONMENT is
specified in a CLOSE statement, the only
option allowed is LEAVE or REREAD.

The KEYED attribute applies only to files
with the RECORD attribute. It indicates
that records in the file can be accessed
using one of the key options (KEY, KEYTO,
or KEYFROM) of data transmission statements
or of the DELETE statement., Note that the

The options appropriate to the two types of
data transmission are described in chapter
11, "Stream-oriented Transmission," and
chapter 12, "Record-Oriented Transmission,"
both in Part I.
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r--------------------------------------------------------------------------------------,
Attempted
Current State of Addressed Record
Operation

Unlocked

I Locked by this task

ILocked by another task

------------------------------------------------------------------------------------READ NOLOCK
Proceed
I
Proceed
Wait for unlock

----------------READ

------------------~----------------------------------- ---------------

1. Lock record

12. Proceed
DELE~rE/REWRITE

----_._----------UNLCX~K

11. Lock record
2. Proceed
13. Unlock1 record

I
I

Proceed

11. Proceed
12. Unlock 1 record

Wait for unlock

Wait for unlock

I

-----------------------------------------------~------ ---------------

No effect

I

Unlock record

No effect

CLOSg FILE

IRaise ERROR if there are records locked by another task. Otherwise,
lunlock all records locked in this task, and proceed with closing.

Terminate Task

IUnlock all records locked by task, Close file, if opened in this taskl

1The unlocking 0
entered beca use
the ]~VENT option
READ statement,
is rE~ached; in t
made ..

l----------------Figure 10.1.

---------------------------------------------------------------------1
curs at the end of the operation, on completion of anyon-units
I

the operation (that is" at the corresponding WAIT statement when
has been specified). If the EVENT option has been specified with a
he operation is not completed until the corresponding WAIT statement
e meantime, no attempt to delete or rewrite the record should be

f

I

t of operations on EXCLUSIVE files

Before the data as ociated with a file can
be transmitted by -nput or output
statements, certai file preparation
activities must oc ur, such as checking for
the availability 0 external storage media,
positiOning the me ia, and allocating
appropriate operat"ng system support. such
activity is known s opening a file. Also,
when processing is completed" the file must
be closed. Closin a file involves
releasing the faci ities that were
established during the opening of the file.
PL/I provides t 0 statements, OPEN and
CLOSE, to perform hese func'tions.
These
statements, howeve , are optional. If an
OPEN statement is ot executed for a file,
the file is opened automatically before the
first data transmi sion statement for that
file is executed; in this case, the
automatic file pre aration consists of
standard system pr cedures that use
information about he file as specified in
a DECLARE statemen (or assumed from a
contextual declara ion derived from the
transmission state nt). Similarly, if a
file has not been losed before completion
of the task in whi h the file was opened,
the file is closed automatically upon
comple"tion of the ask.
When a file for stream input, sequential
input, or sequential update is opened, the
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associated data set is positioned at the
first record. When a BACKWARDS file is
opened, the associated data set" is
positioned at the last record.

OPEN Statement
Execution of an OPEN statement causes one
or more files to be opened explicitly. The
OPEN statement has the following basic
format:
OPEN FILE(file-expression) [option group]
[,FILE(file-expression) [option
group]] ••• ;
The option list of the OPEN statement can
specify any of the alternative and additive
attributes, except ENVIRONMENT, INTERNAL,
and EXTERNAL. Attributes included as
options in the OPEN statement are merged
with those stated in a DECLARE statement.
The same attributes need not be listed in
both an OPEN statement and a DECLARE
statement for the same file, and, of
course, there must be no conflict. Other
options that can only appear in the OPEN
statement are the TITLE option, used to
associate the file with the data set, and
the PAGESIZE and LINESIZE options, used to
specify the layout of a data set. The
TITLE option is discussed below under
"Associating Data sets with Files," and the

PAGESIZE and LINESIZE options, which apply
only to STREAM files, in chapter 11,
"Stream-oriented Transmission." The option
list may precede the FILE (file expression)
specification.
The OPEN statement is executed by
library routines that are loaded
dynamically at the time the OPEN statement
is executed. Consequently" execution time
can be reduced if more than one file is
specified in the same OPEN statement, since
the routines need be loaded only once,
regardless of the number of files being
opened.
Note, however, that such multiple
opening may require temporarily more
internal storage than might otherwise be
needed.

2.

If a GET statement contains a COPY
option, execution of the GET statement
causes implicit opening of either the
specified file as a STREAM OUTPUT file
or the standard output file SYSPRINT.

An implicit opening caused by one of the
above statements is equivalent to preceding
the statement with an OPEN statement that
specifies the deduced attributes.

Merging of Attributes
For a file to be opened explicitly, the
OPEN statement must be executed before any
of the input and output statements listed
below in "Implicit Opening" are executed
for the file.

There must be no conflict between the
attributes specified in a file declaration
and the attributes merged as the result of
opening the file. For example, the
attributes INPUT and UPDATE are in
conflict, as are the attributes UPDATE and
STREAM.

Implicit Opening
implicit opening of a file occurs when
one of the statements listed below is
executed for a file for which an OPEN
statement has not already been executed.
The type of statement determines which
unspecified alternatives are applied to the
file when it is opened.

After the attributes are merged, the
attribute implications listed below are
applied prior to the application of the
default attributes discussed earlier.
Implied attributes can also cause a
conflict.
If a conflict in attributes
exists after the application of default
attributes, the UNDEFINEDFILE condition is
raised.

The following list contains the
statement identifiers and the attributes
deduced from each:

Following is a list of merged attributes
and attributes that each implies after
merging:

Statement Identifier

Merged Attributes

~n

Attributes Deduced

GET

STREAM, INPUT

UPDATE

RECORD

PUT

STREAM, OUTPUT

SEQUENTIAL

RECORD

READ

RECORD, INPUT

DIRECT

RECORD" KEYED

WRITE

RECORD, OUTPUT

BUFFERED

RECORD

LOCATE

RECORD, OUTPUT,
SEQUENTIAL, BUFFERED

UNBUFFERED

RECORD

PRINT

OUTPUT, STREAM

REWRITE

RECORD, UPDATE
BACKWARDS

DELETE

RECORD, UPDATE

RECORD ,
SEQUENTIAL,
INPUT

UNLOCK

RECORD, DIRECT,
UPDATE, EXCLUSIVE

KEYED

RECORD

EXCLUSIVE

RECORD

Notes:
1.

Implied Attributes

INPUT and OUTPUT a're deduced from READ
and WRITE only if UPDATE has not been
explicitly declared.

The following two examples illustrate
attribute merging for an explicit opening
using a file constant and a file variable.
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File constant:
DECLARE LIST ING FILE STREAM:

OPEN FILE(LISTING) PRINT;
Attributes after merge due to execution of
the OPEN statement are STREAM and PRINT.
Attributes after implication are STREAM,
PRINT, and OUTPUT. Attributes after
default application are STREAM, PRINT,
OUTPUT, and EXTERNAL.

time a file is opened .• the PL/I file name
is associated with the name (ddname) of a
data definition statement (DD statement),
which is, in turn, associated with the name
of a specific data set (dsnarr·e). Note that
the direct association is with the name of
a DD statement, not with the name of the
data set itself.
A ddname can be associated with a PL/I
file either through the file name or
through the character-string value of the
e?Cpression in the TITLE optiO.l of the
associated OPEN statement.

File variable:
DECLARE ACCOUNT FILE VARIABLE,
(ACCT1,ACCT2, ••• ) FILE
OUTPUT;

ACCOUNT = ACCT1:
OPEN FILE(ACCOUNT) PRINT:

If a file is opened implicitly, or if no
TITLE option is included in the OPEN
statement that causes explicit opening of
the file, the ddname is assumed to be the
same as the file name. If the file name is
longer than eight characters, the ddname is
assumed to be composed of the first eight
characters of the file name.
Note:

Since external names are limited to
characters" an external file name .of
more than seven characters is shortened
into a concatenation of the first four and
the last three characters of the file name.
Such a shortened name is not, however, the
name used as the ddname in the associated
DD statement.

seven
ACCOUNT = ACCT2;
OPEN FILE(ACCOUNT) RECORD UNBUFFERED;
The file ACCT1 has been opened with
attributes (by explicit and implicit
declaration) STREAM, EXTERNAL, PRINT, and
OUTPUT. The file ACCT2 has been opened
with a·ttributes RECORD, EXTERNAL, OUTPUT,
SEQUEN'rIAL, and UNBUFFERED.
The follOwing example illustrates implicit
opening.
DECLARE MASTER FILE KEYED INTERNAL
ENVIRONMENT (INDEXED F
RECSIZE(120) KEYLEN(S»;

READ FILE (MASTER) INTO
(MASTER_RECORD) KEYTO(MASTER_KEY);
Attributes after merge due to the opening
caused by execution of the READ statement
are KEYED, INTERNAL, RECORD, and INPUT.
Attributes after implication are KEYED,
INTERNAL, RECORD, and INPUT (no additional
attributes are implied).
Attributes after
defaul·t application are KEYED, INTERNAL,
RECORD, INPUT, SEQUENTIAL, and BUFFERED.

Associating Data Sets with Files
With batch processing under the OS, the
association of a file with a specific data
set is accomplished using job control
language, outside the PL/I program. At the

126

OS PL/I CKT AND OPT LRM PART I

Consider the following statements:
1.

OPEN FILE(MASTER);

2.

OPEN FILE(OLDMASTER);

3.

READ FILE(DETAIL) ••• :

When statement number 1 is executed, the
file name MASTER is taken to be the same as
the ddname of a DD statement in the current
job step. When statement number 2 is
executed, the name OLDMASTE is taken to be
the same as the ddname of a DD statement in
the current job step.
(The first eight
characters of a file name form the ddname.
Note, that if OLDMASTER is an external
name, it will be shortened by the compiler
to OLDMTER for use within the program.)
If
statement number 3 causes implicit opening
of the file DETAIL, the name DETAIL is
taken to be the same as the ddname of a DD
statement in the current job step.
In each of the above cases. a
corresponding DD statement must appear in
the job stream; otherwise, the
UNDEFINEDFILE condition would be raised.
The three DD statements would appear, in
part, as follows:

1.

//MASTER

2.

//OLDMASTE DD DSNAME= •••

DD DSNAME= •••

3.

//DETAIL

DD DSNAME= •••

If a file is opened explicitly by an
OPEN statement that includes a TITLE
option, the ddname is ta ken from the TITLE
option, and the file constant is not used
outside the program. The TITLE option
appears in an OPEN statement in the
following format:
OPEN FILE (file-expr) TITLE (expression) :
The expression in the TITLE option is
evaluated and, if necessary, converted to a
character string, which is assumed to be
the ddname identifying the appropriate data
set. If the character string is longer
than eight characters, only the first eight
characters are used. The following OPEN
statement illustrates how the TITLE option
might be used:
OPEN FILE(DETAIL) TITLE('DETAIL1'):
If this statement were executed, there must
be a DD statement in the current job step
with DETAIL1 as its ddname.
It might
appear, in part, as follows:
//DETAIL1

DD

DSNAME=DETAILA, •••

Thus, the data set DETAILA is associated
with the file DETAIL through the ddname
DETAIL1.
Although a data set name represents a
specific collection of data" the file name
can, at different times, represent entirely
different data sets. In the above example
of the OPEN statement, the file DETAIL1 is
associated with the data set named in the
DSNAME parameter of the DD statement
DETAIL1. If the file were closed and
reopened, a TITLE option specifying a
different ddname could be used, and then
the file could be associated with a
different data set.
If the file expression in the statement
which explicitly or implicitly opens the
file is not a file constant, then the DD
statement name must be the same as the
value of the file expression. The
following example illustrates how a DD
statement, should be associated with the
value of a file variable.

programmer to choose dynamically, at open
time, one among several data sets to be
associated with a particular file name.
Consider the following example:
DECLARE 1 INREC, 2 FIELD 1 ••• ,
2 FILE_IDENT CHARACTERCS),
DETAIL FILE INPUT ••• ,
MASTER FILE INPUT ••• :
OPEN FILE(DETAIL):
READ FILE (DETAIL) INTO (INREC):
OPEN FILE (MASTER) TITLE(FILE_IDENT):
Assume that the program containing these
statements is used to process several
different detail data sets:, each of which
has a different corresponding master data
set. Assume, further, that the first
record of each detail data set contains, as
its last data item, a character string that
identifies the appropriate master data set.
The following DD statements might a~pear in
the current job step:
//DETAIL

DD DSNAME= •••

//MASTERlA

DD DSNAME=MASTER1A •••

//MASTER1B

DD DSNAME=MASTER1B •••

/IMASTER1C

DD DSNAME=MASTER1C •••

In this case, MASTER1A, MASTER1B, and
MASTER1C represent three different master
files. The first record of DETAIL would
contain as its last item, either
'MASTER1A', 'MASTER1B', or 'MASTER1C',
which is assigned to the character-string
variable FILE IDENT. When the OPEN
statement is executed to open the file
MASTER, the current value of FILE_IDENT
would be taken to be the ddname, and the
appropriate data set identified by that
ddname would be associated with the file
name MASTER.
Another similar use of the TITLE option
is illustrated in the following statements:
DCL IDENT(3) CHAR(l)
IN IT (' A " 'B·, 'C'):
DO I = 1 TO 3:
OPEN FILE(MASTER)
TITLEC'MASTER1'IIIDENTCI»:

PRICES = RPRICE:
OPEN FILECPRICES):
CLOSE FILE(MASTER):
The DD card should associate the data set
with the file constant RPRICE, which is the
value of the file variable PRICES, thus:
//RPRICE DD DSNAME= •••
Use of' the TITLE option allows' a

END:
In this example, IDENT is declared as a
character-string array with three elements
having as values the specific character
strings "A",'B'. and 'ct.
When MASTER is
opened during the first iteration of the
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DO-group, the character constant 'MASTER1'
is concatenated with the value of the first
element of IDENT, and the associated ddname
is taken to be MASTER1A. After processing,
the file is closed, dissociating the file
name and the ddname.
During the second
iteration of the group, MASTER is opened
again. This time, however, the value of
the second element of IDENr is taken, and
MASTER is assoc iated wi th the dd name
MASTER1B. Similarly, during the final
iteration of the group, MASTER is
associated with the ddname MASTER1C.
Note: The character set of the job control
language does not contain the break
character (_). Consequently, this
character cannot appear in ddnames. Care
should thus be taken to avoid using break
characters among the first eight characters
of file names, unless the file is to be
opened with a TITLE option with a valid
ddname as its expression.
The. alphabetic
extender characters $, ~, and #, however,
are valid for ddnames, but the first
character must be one of the letters A
through Z.
Use of a file variable also allows a
number of files to be manipulated at
various times by a single statement. For
example:
DECLARE F FILE VARIABLE,
A FILE,
B FILE,
C FILE~
F=A;

READ FILE (F)
F=B;
GO TO

• • • • Ie ,

LAB~

F=C;
GO TO LAB;
rhe s·tatement labeled LAB is used to read
the three files A, B, and C,' each of which
may be associated with a different data
set. Note that the. files A, B, and C
remain open after the READ statement has
been executed in each instance.
When a
number of data sets is to be accessed by a
single statement, use of a file variable
rather than the TITLE option may improve
~rogram efficiency by allowing a file for
each data set to remain open for as long as
it is required by the program.
Using the
'rITLE option could necessitate closing and
reopening a file whenever i t is to be
associated with a new data set.
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CLOSE Statement
The basic form of the CLOSE statement is:
CLOSE FILE (file-expr) [ENVIRONMENT
({LEAVEIREREAD})]
[,FILE (file-expr) [ENVIRONMENT
({LEAVEIREREAD})]] ••• ;
Executing a CLOSE statement dissociates the
specified file from the data set with which
it became associated when the file was
opened. The CLOSE statement also
dissociates from the file all attributes
established for it by the implicit or
explici t opening process.
If desired, new
attributes may be specified for the file
constant in a subsequent OPEN statement.
However, all attributes explicitly given to
the file constant in a DECLARE statement
remain in effect.
As with the OPEN statement, closing more
than one file with a single CLOSE statement
can save execution time., but it may require
the temporary use of more internal storage
than would otherwise be needed.
The LEAVE and REREAD options are used to
control the disposition of magnetic tapes.
Note: Closing an already closed file or
opening an already opened file has no
effect apart from increasing the execution
time of the program.

STANDARD FI LES
Two standard files are provided that can be
used by any PLiI program. One is the
standard input file SYSIN, and the other is
the standard output file SYSPRINT. These
files need not be declared or opened
explicitly~ a standard set of attributes is
applied automatically.
For SYSIN, the
attributes are STREAM INPUT, and for
SYSPRINT they are STREAM OUTPUT PRINT.
Both file names, SYSIN and SYSPRINT, are
assumed to have the EXTERNAL attribute,'
even though SYSPRINT contains more than
seven characters.
The FILE option need not be specified in
GET and PUT statements when these files are
to be used.
GET and PUT statements that do
not name a fi Ie are equi valent to:
GET FILE(SYSIN) ••• ;
PUT FILE(SYSPRINT) ••• ;
Any other references to SYSIN and SYSPRINT
(such as in ON statements or in recordoriented statements) must be stated

\

explicitly.
Under the optimizing compiler, the
identifiers SYSIN and SYSPRINT are not
reserved for the specific purposes
described above. They can be used for
other purposes besides identifying standard
files.
Other attributes can be applied to
them, ei t:her explicitly or contextually,
but the PRINT attribute is appl ied
automatically to SYSPRINT when it is
declared or opened as a STREAM OUTPUT file
unless the INTERNAL attribute is declared
for it.
Under the checkout compiler" the file
SYSPRINT is used for diagnostic messages,
and the file SYSIN may be used to hold the
source program. When the compi ler uses one
of the files, the file is opened with
certain attributes that may not be altered v
the programmer consequently needs to
exercise care if he declares SYSPRINT or
SYSIN explicitly. Full details of the
restr ictions are given in the programmer' s
guide f OJ:' the checkout compiler.

Even under the optimizing compiler, care
must be taken when SYSIN or SYSPRINT is
declared as anything other than a STREAM
file.
The compiler causes, in effect, the
identifier SYSIN to be inserted into each
GET statement in which no file constant is
explicitly stated and the identifier
SYSPRINT to be inserted into each PUT
statement in which no file constant is
explicitly stated. consequently, the
following would be in error:
DECLARE (SYSIN,SYSPRINT) FIXED
DECIMAL (4,2):

GET LIST (A,B,C);
PUT LIST (D,E,F):
The identifier SYSIN would be inserted into
the GET statement, and SYSPRINT in the PUT
statement.
In this case, however, they
would not refer to the standard files, but
to the fixed-point variables declared in
the block.
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Chapter 11: Stream-oriented Transmission

rhis chapter describes the input and output
statements used in stream-oriented
transmission. Those features that apply
equally to stream-oriented and recordoriented transmission, including files,
file attributes, and opening and closing
files, are described in chapter 10, "Input
and Output".
In stream-oriented transmission, a data
set is treated as a continuous stream of
data items in character form; within a
program, block and record boundaries are
ignored. However, a data set is considered
to consist of a series of lines of data,
and each data set that is created or
.
accessed by stream-oriented transmission
has a line size associated with it. In
general, a line is equivalent to a record
in the data set; however, the line size
does not necessarily equal the record size.
There are three modes of stream-oriented
transmission:
list-directed, datadirected, and edit-directed. The
transmission statements used in all three
modes require the following information:
1.

The name of the file associated with
the data set from which data is to be
obtained or to which data is to be
assigned.

2.

A list of program variables to which
data items are to be assigned during
input or from which data items are to
be obtained during output.
This list
is called a data list. On output in
list- and edit-directed modes, the
data list can also include
expressions.

3.

For edit-directed mode, the format of
each data item in the stream.

Under certain conditions some of this
required information can be implied.

constants. The variables to which the data
items are to be assigned are specified by a
data list.
Items are separated by a comma
and/or one or more blanks.
Output: The data values to be transmitted
are specified by a variable, a constant, or
an expression that represents a data item.
Each data item placed in the stream is a
character-string representation that
reflects the attributes of the variable.
Items are separated by one or more tlanks.
Leading zeros of arithmetic data are
suppressed. Binary items are expressed in
decimal representation.
For PRINT files, data items are
automatically aligned on implementationdefined preset tab positions. These
positions are 1, 25, 49, 73, 97, and 121,
but provision is made for the programmer to
alter these va lues.

DATA-DIRECTED TRANSMISSION
Data-directed transmission permits the user
to transmit self-identifying data.
Input: Each data item in the stream is in
the form of an assignment that specifies
both the value and the variable to which it
is to be assigned. In general, values are
in the form of constants.
Items are
separated by a comma and/or one or more
blanks. A semicolon must end each group of
items to be accessed by a single GET
statement. A data list in the GET
statement is optional, since the semicolon
determines the number of items to be
obtained from the stream.
(These rules are
slightly amended when the program is
initiated and data entered from a terminal
under TSO.
Details are given in the
following OS publications: Time
sharing Option: PL/I Optimizing Compiler
and Time Sharing~tion: PL/I Checkout
Compiler. )

LIST-DIRECTED TRANSMISSION
List-directed transmission permits the user
to read and write out data without having
to specify the format of the items in the
stream.
Input: In general, the data items in the
stream are character strings in the form of
optionally signed valid constants or in the
form of expressions that represent complex

Output: The data values to be transmitted
may be specified by an optional data list.
Each data item placed in the stream has the
form of an assignment statement without a
semicolon.
Items are separated by one or
more blanks. The last item transmitted by
each PUT statement is followed by a
semicolon. Leading zeros of arithmetic
data are suppressed. The character
representation of each value reflects the
attributes of the variable" except for
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binary items, which appear as values
expressed in decimal notation.
If the data list is omitted, it is
assumed to specify all variables that are
known within the block containing the
statement and are permitted in datadirected output.
For PRINT files, data items are
automatically aligned on the
implementation-defined preset tab positions
referred to under "List-Directed
Transmission" •

The following is a summary of the
stream-oriented data transmission
statements and their options:
STREAM INPUT:
GET [(FILE (file-expression)} I(STRING
(character-string-expression)}]
[data-specification]
[COpy [ (file-expression)]]
[SKIP [(expression)]];
Note that neither the COpy option nor SKIP
option can be used with the STRING option
in a GET statement.
STREAM OUTPUT:

EDIT-DIREcrED TRANSMISSION
Edit-directed transmission permits the user
to specify the variables to which data is
to be assigned or to specify data to be
transmitted, and to specify the format for
each item on the external medium.
Input: Data in the stream is a continuous
string of characters; different data items
are not separated. The variables to which
the data is to be assigned are specified by
a data list.
Format items in a format list
specify the number of characters that
contain the value to be assigned to each
variable and describe characteristics of
the data (for example, the assumed location
of a decimal point).
(These rules are
slightly amended when the program is
initiated and data entered from a terminal
under TSO. Details are given in the
follCMing OS publications: OS Time
Sharing Option: PL/I Optimizing Compiler
and OS Time Sharing Option: PL/I Checkout
Compiler.)
output: The data values to be transmitted
are defined by a data list.
The format
that the data is to have in the stream is
defined by a format list.

PUT [{FILE (file-expression)} I {STRING
(character-string-variable)} ]
[data-specification]
[SKIP [(expression)]];
Note that the SKIP option cannot be used.
with the STRING option in a PUT statement.
STREAM OUTPUT PRINT:
PUT [FILE (file-expression) ]
[data-specification]
PAGE[LINE(eXpreSSiOn)]]
SKIP[(expression)]
[ LINE (expression)
;
The options may appear in any order. The
data specification can have one of the
following forms:
[LIST] (data-list)
DATA [(data-list)]
EDIT {(data-list) (format-list)} •••
SNAP
FLOW

ALL [(character-string-expression)]

Data Transmission Statements
stream-oriented transmission uses only one
input statement, GET, and one output
statement, PUT. A GET statement gets the
next series of data items from the stream,
and a PUT statement puts a specified set of
data items into the stream.
The variables
to which data items are assigned, and the
variables or expressions from which they
are transmitted, are generally specified in
a data list with each GET or PUT statement.
The statements may also include options
that specify the origin or destination of
the data or indicate where it appears in
the stream relative to the preceding data.

132

as PL/I CKT AND OPT LRM PART I

If a GET or PUT statement includes a data
list that is not preceded by one of the
keywords LIST. DATA, or EDIT, then LIST is
assumed.
In such a statement, the data
list must immediately follow the GET or PUT
keyword; any options required must be
specified after the data list.
The SNAP, FLOW and ALL options in the data
specification cause information about the
program to be put into the stream. These
options can only be used in a PUT
statement. The information is provided
only if the PUT statement is processed by
the PL/I checkout compiler; if such a PUT
statement is included in a program that is
processed by the PL/I optimizing compiler,
these options are checked for syntax errors

and then ignored. The use of the options
is descri.bed in chapter 15, "Execution-Time
Facilities of the PL/I Checkout Compiler".
rhe data specification can be omitted only
if one of the control options (PAGE, SKIP,
or LINE) appears. Format lists may use any
of the following forma t i terns :

in the input stream, on the file DPL. If
they were written, by defa ul t, on the
SYSPRINT file, they would appear in datadirected format. Data items that are
skipped on input, and not transmitted to
internal variables, are copied intact into
the output stream.

A,B,C,E:,F,
P,R,X

which may be used with
any STREAM or
STRING option

SKIP [ (w)]
COLUMN (w)

which may be used with
any STREAM file

SKIP Option

PAGE
LINE (w)

which may be used with
STREAM OUTPUT PRINT
files

The SKIP option specifies a new current
line (or record) within the data set. The
parenthesized expression is converted to an
integer w. The data set is positioned to
the start of the wth line (record) relative
to the current line (record).

The statements are discussed individually
in detail in section J, "Statements".

For non-PRINT files, if the expression
is omitted or if ~ is not greater than
zero, a value of 1 is assumed. For PRINT
files, if w is less than or equal to zero,
the effect-is that of a carriage return
with the same current line: if the
expression is omitted, 1 is assumed.

Options of Transmission Statements
FILE and STRING Options
The FILE option specifies the file upon
which the~ operation is to take place. The
STRING option allows GET and PUT statements
to be used to transmit data between
internal storage locations rather than
between internal and external storage.
If
neither t~he FILE option nor the STRING
option appears in a GET statement, the
standard input file SYSIN is assumed: if
neither option appears in a PUT statement,
the standard output fil e SYSPRINT is
assumed.

The SKIP option takes effect before the
transmission of any values defined by the
data specification, even if it appears
after the data specification. Thus, the
statement:

Examples of the use of the FILE option
are given in some of the statements below.
Chapter 13, "Editing and String Handling",
illustra1:es the use of the STRING option.

When printing at a terminal in
conversational mode, SKIP(w) with ~ greater
than 3 is equivalent to SKIP(3). In other
words, no more than three lines may be
skipped.

PUT LIST(X,Y,Z) SKIP(3):
causes the values of the variables X, Y,
and Z to be printed on the standard output
file SYSPRINT commencing on the third line
after the current line.

COpy Option
The COpy option may appear only in a GET
FILE sta1:ement.
It speci fies that the
stream is to be wri tten, exactly as read,
onto the file named in the COpy
specification.
If no file name is given,
the default is the standard output file
SYSPRINTu For example, the statement:

PAGE Option
The PAGE option can be specified only for
PRINT files.
It causes a new current page
to be defined within the data set. The
PAGE option takes effect before the
transmission of any values defined by the
data specification (if any), even if it
appears after the data specification.

GET FILE(SYSIN) DATA(A,B,C) COPY(DPL):
not only transmits the values assigned to
A, B, and C in the input stream to the
variables with these names, but also causes
them to be written, exactly as they appear

When printing at a terminal in
conversational rrode, the PAGE option causes
three lines to be skipped.
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LINE Option
The LINE option can be specified only for
PRINT files.
It causes blank lines to be
inserted so that the next line will be the
wth line of the current page, where w is
the val ue of the parenthesi zed expression
when converted to an integer. The LINE
option takes effect before the transmission
of any values defined by the data
specifi cation (if any), even if it follows
the da"ta specification.
If both the PAGE
option and the LINE option appear in the
same s·tatement, the PAGE option is applied
first. For example, the statement

specification of a DO group) involving
any of these elements. For a datadirected data specification, a datalist element can be an element, array,
or structure variable.
None of the
names in a data-directed data list can
be subscripted, locator-qualified, or
iSUB-defined, but qualified (that is,
structure-member), simple-defined, or
string-overlay-defined names are
allowed.
2.

On output, a data-list element for
edit-directed and list-directed data
specifications can be one of the
following:
an element expression, an
array expression, a structure
expression, or a repetitive
specification involving any of these
elements.
For a data-directed data
specification, a data-list element can
be an element, array, or structure
variable, or a repetitive
specification involving any of these
elements. It must not be locatorqualified or iSUB-defined, but may be
qualified (that is, a member of a
structure), or simple-defined or
string-overlay-defined. Subscripts
are allowed for data-directed output.

3.

The elements of a data list can be:

PUT FILE(LIST) DATA(P,Q,R) LINE(34) PAGE;
causes the values of the variables P, Q,
and R to printed in data-directed format on
a new page, commencing at line 34.
When printing at a terminal in
conversational mode, the LINE option always
causes three lines to be skipped.

Da ta Specifications
Data specifications are given in GET and
PUT statements to identify the data to be
transm:i tted.

Input:

Problem data:

Arithmetic
String

Output:

Problem data:

Arithmetic
String

DATA LISTS
List-directed and edit-directed data
specifications require a data list to
specify the data items to be transmitted.
~ data list is optional for a data-directed
data specification.

Program control
data:

General format:
(data-list)
where "data list" is defined as:

Area
Entry
Event
File
Label
Offset
Pointer
Task

Entry and label constants may not be
speci fied.

element [',elementl •••
Syntax rules:

A data list that specifies programcontrol data can only be used in PUT
DATA or PUT LIST statements that are
to be processed by the checkout
compiler or PUT DATA statements that
are to be processed under the
optimizing compiler.
In the latter
case, the name of the variable is
transmi tted" but not its value.

The nature of the elements depends upon
whether the data list is used for input or
for output.
The rules are as follows:
1.
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On input, a data-list element for
edit-directed and list-directed
transmission can be one of the
following:
an element, array, or
structure variable, a pseudovariable
ot.he r than STR lNG, or a repeti ti ve
specification (simi lar to a repeti ti ve
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4.

A data list must always be enclosed in
parentheses.

r--------'-------------------------------------------------------------------------------,I

I
{ variable
}
I (element. [, element] ••• DO
= specification[, specification] ••• )
I
pseudovariable
I
I
IA "specification" has the following format:
I
I
[TO expression-2 [BY ex p reSSiOn-3]]
lexpression-l

I

I
I
I
I
I
I
I
I
I

[WHILE (expression-4)]

. BY expression- 3 [TO expression-2]

L------------------___________________________________ ----------------------------------J

Figure 11.1.

General format for repeti ti ve specifica tions

Repetitive Specification

4.

The general format of a repetitive
specification is shown in figure 11.1.

As figure 11.1 shOWS, the
" speci fication" portion of a
repetitive specification can be
repeated a number of times, as in the
following form:

Syntax rules:

DO I

1.

An element in the element list of the
repetitive specification can be any of
those allowed as data-list elements as
list,ed above.

2.

The expressions in the specification,
which are the same as those in a DO
sta t.emen t, are desc ribed as follows:
a.

b.

3.

Each expression in the
specification is an element
expression.
In the specification" expression-l
represents the starting value of
the control variable or
pseudovariable.
Expression-3
represents the increment to be
added to the control variable
after each repetition of data-list
elements in the repetitive
specification.
Expression-2
represents the terminating value
of the control variable.
Expression-4 represents a second
condition to control the number of
repetitions. The exact meaning of
the specification is identical to
that of a DO statement with the
same specification. When the last
specification is completed,
control passes to the next element
in the data list.

Each. repetitive specification must be
enclosed in parentheses, as shown in
the general format.
Note that if a
rep€~ti ti ve specification is the only
element in a data list, two sets of
outer parentheses are required, since
the data list must have one set of
. parentheses and the repetitive
specification must have a separate
set.

=

1 TO 4, 6 TO 10;

Repetitive specifications can be
nested; that is, an element of a
repetitive specification can itself be
a repetitive specification. Each DO
portion must be delimited on the right
with a right parenthesis (with its
matching left parenthesis added to the
beginning of the entire repetitive
specification) •
When DO portions are nested, the
rightmost DO is at the outer level of
nesting.
For example, consider the
following statement:
GET LIST « (ACI,J) DO I = 1 TO 2)
DO J = 3 TO 4»;
Note the three sets of parentheses, in
addition to the set used to delimit
the subscript. The outermost set is
the set required by the data list; the
next is that required by the outer
repetitive specification. The third
set of parentheses is that required by
the inner repetitive specification.
This statement is equivalent to the
following nested DO-groups:
DO J = 3 TO 4;
DO I = 1 TO 2;
GET LIST (A (I,J»;
END;
END;
It gives values to the elements of the
array A in the following order:
A(1~3)~

A(2,3)~

A(1,4), A(2,4)

Under the optimizing corrpiler, the
maximum permissibl e level of nesting
is 50. There is no such limit under
the checkout compiler.
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Note: Although the DO keyword is used in
the repetitive specification, a
corresponding END statement is not allowed.

of N used to specify the number of
items to be assigned.
3.

A new value is assigned to J.

4.

A new value is assigned to K.

5.

A substring of length K is assigned to
the string variable NAME" beginning at
the Jth character.

Transmission of Data-List Elements
If a data-list element is of complex mode,
the real part is transmitted before the
imaginary part.
If a data-list element is an array
variable, the elements of the array are
transmitted in row-major order, that is,
with the rightmost subscript of the array
varyin9 most frequently.
If a data-lis't element is a structure
variable, the elements of the structure are
transmitted in the order specified in the
structure declaration.
For example, if a declaration is:
DECLARE 1 A (10), 2 B, 2 C;

List-directed Data Specification
General format for a list-directed data
specification, either input or output is as
follows:
[LIST]

(data-list)

The data list is described under "Data
Lists", above.
The keyword LIST specifies
the list-directed mode of transmission.
Examples of list-directed data
specifications:

then the statement:
LIST (CARD., RATE, DYNAMIC_FLOW)
pu~r

FILE (X) LIST (A) ;

would result in the output being ordered as
follows:

LIST «THICKNESS (DISTANCE)
DO DISTANCE = 1 TO 1000»
LIST (P, Z"

A.B(l) A.C(l) A.B(2) A.C(2) A.B(3)
A.C(3) ••• etc.
If,

hOTw~ever,

the declaration had been:

DECLARE 1 A, 2 B(lO), 2 C(10);
then the same PUT statement would result in
the output being ordered as follows:

LIST (A*B/C,

M, R)
(X+Y)**2)

The specification in the last example can
be used only for output, since it contains
values specified by expressions. Such
expressions are evaluated when the
statement is executed, and the result is
placed in the stream.

A.B(l) A.B(2) A.B(3) ••• A.BCIO)
A.C(l) A.C(2) A.C(3) ••• A.C(lO)
List-Directed Data in the Stream
If, within a data list used in an input
statement for list-directed or editdirected transmission, a variable is
assigned a value, this new value is used if
the variable appears in a later reference
in the data list. For example:

Problem data in the stream, either input or
output, is of character data type and has
one of the following general forms:
[+1-] arithmetic-constant

GE~r

LIST (N, CX (I) DO I=l TO N), J, K,
SUBSTR (NAME, J,K»;

When this statement is executed, data is
transmitted and assigned in the following
order:
1.

A new value is aSSigned to N.

2.

Elements are assigned to the array X
as specified in the repetitive
specification in the order
X(1),X(2), ••• X(N), with the new value
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character-string-constant
bit-string-constant
[+I~]

real-constant{+!-}imaginary-constant

A string constant must be one of the two
permitted forms listed above; iteration and
string repetition factors are not allowed.
A blank must not follow a sign preceding a
real constant, and must not precede or
follow the central + or - in complex

expressions.

If the data is a character-string
constant, the surrounding quotation marks
are removed, and the enclosed characters
are interpreted as a character string.

The format of program control data is
described in chapter 15, "Execution-time
Facilities of the Checkout Compiler".

If the data is a bit-string constant,
enclosing quotation marks and the trailing
character B are removed, and the enclosed
characters are interpreted as a bit string.
List-Directed Input Format
If the data is an arithmetic constant or
complex expression, i t is interpreted as
coded arithmetic data with the base, scale,
mode, and precision implied by the
constant.

When the data named is an array, the data
consists of constants, the first of which
is assigned to the first element of the
array, the second constant to the second
element, etc., in row-major order.
A structure name in the data list
represent.s a list of the contained element
variables and arrays in the order specified
in the st:ructure description.
On input, data items in the stream must
be separated either by a blank or by a
comma. 'rhi s separator may be surrounded by
an arbitary number of blanks. A null field
in the st:ream is indicated either by the
first non-blank character in the data
stream be!ing a comma, or by two commas
separated by an arbitrary number of blankse
1\ null field specifies that the value of
the associated item in the data list is to
remain unchanged.
The transmission of the list of
constants: on input is terminated by
expiration of the list or at the end of the
file.
In the former case, the file is
pOSitioned in the stream ready for the n~xt
GET statement. More than one blank can
separate two data items, and a comma
separator may be preceded or followed by
one or more blanks. If the items are
separated by a comma, then the first
character to be scanned when the next GET
statement is executed will be the one
immedia t€!ly following the comma.
If the
items are! separated by blanks only, the
first item scanned will be the next nonblank character.
In the following examples
X represents a non-blank character, b
represents a blank, and t indicates the
pOSition of the file at the start of the
next GET statement.

The values of the element variables and
expressions in the data list are converted
to character representations and
transmitted to the data stream. The
conversions follow the normal rules for
arithmetic to character conversions, except
that floating-point items are not rounded.
A blank separates successive data items
transmitted.
(For PRINT files, items are
separated according to program tab
settings. )
The length of the data field placed in
the stream is a function of the attributes
of the data item, including precision and
length. Detailed discussions of the
conve~sion .rules and their effect upon
precision are listed in the descriptions of
conversion to character type in section F,
"Data Conversion and Expression
Evaluation".
Binary data items are converted to
decimal notation before being placed in the
stream.
For numeric character values, the
character-string value is transmitted.
Bit strings are converted
representation of bit-string
consisting of the characters
enclosed in quotation marks,
by the letter B.

to character
constants,
0 and 1,
and followed

Xbb,bbbXXX
t

XbbbbXXXX
t

Xb,l-end of record
t

Note that; if a record terminates with a

I comma, the succeeding record is not read in
until the next GET statement requires it.

Character strings are written out as
follows. If the file does not have the
attribute PRINT, enclosing quotation marks
are supplied, and contained single
quotation marks or apostrophes are replaced
by two quotation marks. The field width is
the current length of the string plus the
number of added quotation marks.
If the
file has the attribute PRINT, enclosing
quotation marks are not supplied, and
contained single quotation marks or
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apostrophes are unmodified. The field
width is the current length of the string.

general format (the optionally signed
constants, like thE~ variable names and the
equal signs, are in character form):
element-variable = data value
[{bl,}element-variable = data
val ue] ••• ;

Data-directed Data Specification
General format for a data-directed data
specification, either for input or output,
is as follows:

General rules for problem data:
1.

The element variable may be a
subscripted name. Subscripts must be
optionally signed decimal integer
constants.

The data list is described in "Data
Lists" in this chapter.
For input,
the data list cannot contain
subs cripted names. Names of structure
elements in the data list need only
have enough qualification to resolve
any ambiguity; full qualification is
not required. On input, if the stream
contains an unrecognisable elementvariable or a name that does not have
a counterpart in the data list" the
N.AME condition is raised.

2.

On input, the element assignments may
be separated by either a blank (~ in
the above format) or a comma.
Redundant blanks are ignored. On
output, the assignments are separated
by a blank.
(For PRINT files, items
are separated according to program tab
settings. )

3.

Each data value in the stream has one
of the forms described for listdirected transmission.

Omission of the data list implies that
a data list is assumed. This assumed
data list contains all the names that
are known to the block and to any
containing blocks.

4.

On input a semi-colon following an
element assignment terminates the list
of element assignments to be
transmitted by the execution of a
single GET DATA statement, and thereby
determines the number of element
assignments that are actually
transmitted by a particular statement.
On output a semi-colon is transmitted
on completion of a PUT DATA statement.

5.

Locator qualifiers cannot appear in
the stream. ~rhe locator qualifier
declared with the based variable is
used to establi sh the generation.
Based variables that have not been
declared with a locator qualifier
cannot be transmitted.

DATA [ (data-list)]
General rules:
1.

2.

On input, if the stream contains an
unrecognisable element-variable or an
unknown name, the NAME condition is
raised.
If the assumed data list
contains a name that is not included
in the stream, the value of the
associated variable remains unchanged.
On output, all items in the assumed
data list are transmitted. Where two
or more blocks containing the PUT
statement each have declarations of
i·tems which have the same name, all
the items will be transmitted, the
known item appearing first.
3.

Under the optimizing compiler, the
following restrictions apply to based
variables in the data list:

Recognition of a semicolon or an endof-file in an input stream causes
transmission to cease, whether or not
a data list is specified.
On output,
a semicolon is written into the stream
a:fter the last data item transmitted
by each PUT statement.

Data-Directed Data in the Stream
The da·ta in the stream associated with
data-directed transmission is in the form
of a list of element assignments. For
problem data, they have the following
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6.

a.

The variable must not be based on
an OFFSET variable.

h.

The variable must not be a member
of a structure declared with the
REFER opti on.

c.

The pointer on which the variable
is based must not be based,
defined, or a parameter, and it
must not be a member of an array
or structure.

Under the optimizing compiler, defined
variables in the data list must not
have been defined:

a.

On a controlled variable.

Data Specification

Input Data Stream

b.

On an array with one or more
adjustable bounds.

DATA CX)

XCl,l)= 7.95,
X (1, 2) = 8085"
X (1,3) = 73;

c.

With a POSITION attribute that
specifies other than a constant.

Although the data list has only the
name of the array, the associated
input stream may contain values for
individual elements of the array.
In
this case" only three elements are
assigned; the remainder of the array
is unchanged.

Data-Directed Data Specification for
Input
General rules for data-directed input:
1.

2.

4.

If the data specification does not
include a data list, the names in the
stream may be any names known at the
point of transmission.
Qualified
names in the input stream must be
full~ qualified.
The name must not
contain more than 256 characters.
If a data list is used, each element
of the data list must be an element,
array, or structure variable. Names
cannot be subscripted, but qualified
names are allowed in the data list.
All names in the stream should appear
in the data list; however" the order
of the names need not be the same, and
the data list may include names that
do not appear in the stream. For
example, consider the following data
list, where A, B, C, and D are names
of element variables:

If the data list includes the names of
structure elements, then fully
qualified names must appear in the
stream" although full qualification is
not required in the data list.
Consider the following structures:
DECLARE 1 CARDIN, 2 PARTNO, 2 DESCRP,
2 PRICE, 3 RETAIL, 3 WHSL;
If it is desired to read a value for
CARDIN.PRICE.RE~IL, the data
specification and input data stream
could have the following forms:
Data Specification

Input Data Stream

DATA (CARDIN.RETAIL) CARDIN.PRICE.
RETAIL = 4.28;

5.

DATA (B, A, C, D)

Interleaved subscripts cannot appear
in qualified names in the stream. All
subscripts must be moved all the way
to the right, following the last name
of the qualified narne./For example,
assume that Y is declared as follows:

This data list may be associated with
the following input data stream:

DECLARE 1 Y(5,5),2 A(10),3 B,
3 C, 3 D;

A= 2.5, B= .0047, D= 125, Z= 'ABC';
An element name would have to appear
in the stream as follows:

Note: C appears in the dat·a Ii st but
not In the stream; its value remains
unaltered.
Z, which is not in the
data list, raises the NAME condition.
3.

If the data list includes the name of
an array, subscripted references to
that array may appear in the stream
although subscripted names cannot
appear in the data list. The entire
array need not appear in the stream;
only those elements that actually
appear in the stream will be assigned.
If a. subscript is out of range, or is
missing, the NAME condition is raised.

Y• A. B ( 2, 3, 8 ) = 8. 7 2

The name in the data list could not
contain the subscript.

Data-Directed Data Specification for
Output
General rules for data-directed out Fut:
1.

Let X be the name of a two-dimensional
array declared as follows:
DECLARE X (2,3);
Consider the following data list and
input data stream:

An element of the data list may be an
element, array, or structure variable,
or a repetitive specification
involving any of these elements or
further repetitive specifications.
subscripted names can appear.
For
problem data, the names appearing in
the data list, together with their
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values, are transmitted in the form of
a list of element assignments
separated by blanks and terminated by
a semicolon.
CFor PRINr files, items
are separated according to program tab
settings. )

structure:
1 A, 2 B, 2

DATA CA)
and the values of Band Dare 2 and
17, respectively, the associated data
fields in the output stream would be
as follows:

Array variables in the data list are
treated as a list of the contained
subscripted elements in row-major
order.

A.B= 2 A.C.D= 17;
6.

Consider an array declared as follows:

3 D

If a data list for data-directed
output is as follows:

The rules applying to program control
data are given in chapter 15,
"Execution-time Facilities of the
Checkout Compiler."
2.

c,

In the following cases, data-directed
output is not valid for subsequent
data-directed input:

DECLARE X C2,4) FIXED;
a.

When the character-string value of
a numeric character variable does
not represent a valid optionally
signed arithmetic constant. For
example, ,this is always true for
complex numeric character
variables.

b.

When a program control variable is
transmitted such a variable must
not be specified in an input data
list.

If X appears in a data list as
follows:
DATA CX)
on output, the output data stream
would have the form:
XC1,1)= 1 XC1,2)= 2 XC1,3)= 3
XC1,4)= 4 XC2,l)= 5 xC2,2)= 6
XC2,3)= 7 XC2,4)= 8;
Note: In actual output, more than one
blank would follow the equal sign.
In
conversion from coded arithmetic to
character, leading zeros are converted
to blanks" and up to three additional
blanks may appear at the beginning of
the field.
3.

subscript expressions that appear in a
data list are evaluated and replaced
by their values.

4.

Items that are part of a structure
appearing in the data list are
transmitted with the full
qualification, but subscripts follow
the qualified names rather than being
interleaved. For example, if a data
list is specified for a structure
element transmitted under datadirected output as follows:
DATA (YC1,-3).Q)
the associated data field in the
output stream is of the form:

Length of

Data-Dir~cted

Output Fields

The length of the data field on the
external medium is a function of the
attributes declared for the variable and,
since the name is also included, the length
of the fully qualified subscripted name.
The field length for output items converted
from coded arithmetic data, numeric
character data, and bit-string data is the
same as that for list-directed output data,
and is governed by the rules for data
conversion to character type as described
in section F, "Data Conversion and
Expression Evaluation".
For character-string data, the contents
of the character string are written out
enclosed in quotation marks. Each
quotation mark contained within the
character string is represented by two
successive quotation marks.

Y.Q(1,-3)= 3.756;
Example
5.

Structure names in the data list are
interpreted as a list of the contained
element or elements, and any contained
arrays are treated as above.
For example, consider the following
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In the example shown in figure 11.2, A is
declared as a one-dimensional array of six
elements; B is a one-dimensional array of
seven elements.
The procedure calculates

r----~-------------~---~-----------------------~-~~--------~----------------------------,

AB:

PROCEDURE;

DECLARE (A (6) I' B (7»

Input Stream
FIXED;
B(l)=l, B(2)=2, B(3)=3,

GET FILE (X) DATA (B);
B(4)=1, B(S)=2, B(6)=3, B(7)=4;
DO I

= 1 TO 6;

A CI)

B

(I +1)

+ B (I);

Output Stream
END;

A(l)= 3 A(2)= S A(3)= 4 A(4)= 3

PUT FILE (Y) DATA (A);
A(S)= S A(6)= 7;

L----------------------------------------_______________________________________________
END AB:

Figure 11.2.

Example of data-directed transmission (both input and output)

and writes out values for A(I)
B(I).

specified by the associated format
item and placed in the stream in a
field whose width also is specified by
the format item.

B(I+l) +

Edit-direc'ted Data Specification

4.

For either input or output, the first
data format item is associated with
the first item in the data list, the
second data format item with the
second item in the data list, and so
forth.
If a format list contains
fewer format items than there are
items in the associated data list, the
format list is re-used; if there are
excessive format items, they are
ignored.
SUppose a format list
contains five data format items and
its associated data list specifies ten
items to be transmitted. Then the
sixth item in the data list will be
associated with the first data format
item, and so forth. Suppose a format
list contains ten data format items
and its associated data list specifies
only five items. Then the sixth
through the tenth format items will be
ignored.

S.

An array or structure variable in a
data list is equivalent to !! items in
the data list, where n is the number
of element items in the array or
structure, each of which will be
associated with a separate use of a
da ta format item.

6.

If a control format item is
encountered, the control action is
executed, and the data list item is
paired with the next format item.

7.

The specified transmission is complete
when the last item in the data list
has been processed using its
corresponding format item. subsequent
format items, including control format
items, are ignored.

General format for an edit-directed data
specification, either for input or output,
is as follows:
EDIT {(data-list) (format-list)}
[(data-list) (format-list)] •••
1.

The data list, which must be enclosed
in parentheses, is described in "Data
Lists", above. The format list, which
also must be enclosed in parentheses,
contains one or more format items.
There are three types of format items:
data format items, which describe data
in the stream; control format items,
which describe page, line, and spacing
operations; and remote format items,
which specify the label of a separate
statement that contains the format
list. to be used. Format lists and
format items are discussed in more
detail in "Format Lists", below.
Note~

Program-control variables
cannot be specified in data lists for
edit-directed transmission.

2.

3.

J

For input, data in the stream is
considered to be a continuous string
of characters not separated into
individual data items. The number of
characters for each data item is
specified by a format item in the
format list. The characters are
treated according to the associated
format item.
For output, the va1-ue of each item in
the data list is converted to a format
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8,.

On output, data items are not
a.utomatically separated, but
a.rithmetic data items generally
include leading blanks because of data
conversion rules and zero suppression.

Examples:
GET EDIT (NAME, DATA, SALARY)
(A(N), X(2), A(6), F(6,2»:
PUT EDIT ('INVENTORY=' I IINUM,INVCODE)
(A,F(S»;
The first example specifies that the first
N characters in the stream are to be
treated as a character string and assigned
to NAM.E; the next two characters are to be
skipped; the next six are to be assigned to
DATA in character format; and the next six
characters are to be considered as an
optionally signed decimal fixed-point
constant and assigned to SALARY.
The second example specifies that the
character string 'INVENTORY=' is to be
concatenated with the value of INUM and
placed in the stream in a field whose width
is the length of the resultant string.
rhen the value of INVCODE is to be
converted to character to represent an
optionally signed decimal fixed-point
integer constant and is then to be placed
in the stream right-adjusted in a field
with a width of five characters (leading
characters may be blanks). Note that
values represented by expressions and
constants can appear in output data lists
only.

Format Lists
Each edit-directed data specification must
be associated with a format list.

enclosed in parentheses or an unsigned
decimal integer constant. If it is
the latter, a blank must separate the
constant and the following format
item. The iteration factor specifies
that the associated format item or
format list is to be used n successive
times. A zero iteration factor
specifies that the associated format
item or format list is to be skipped
and not used (the data list item will
be associated with the next data
format item). If an expression is
used to represent the iteration
factor, it is evaluated and converted
to an integer, which must be nonnegative, once for each set of
iterations. The associated format
item or format list is that item or
list of items immediately to the right
of the iteration factor.

General rule:
There are three types of format items:
data format items, control format items,
and the remote format item. Data format
items specify the external forms that data
fields are to take.
control format items
specify the page, line, column, and spacing
operations. The remote format item allows
format i terns to be speci fied in a separate
FORMAT statement elsewhere in the block.
Detailed discussions of the various
types of format items appear in section E,
"Edit-Directed Format Items". The
following discussions show how the forma.t
items are used in edit-directed data
specifications.
Data Format Items

General format:
(f ormat-list)
where "format list" is defined as:
item

l

n item

item
n item

n (format-list)

n (format-list)

•••

On input, each data format item
specifies the number of characters to be
associated with the data iterr and how to
interpret the external data. The data item
is assigned to the associated variatle
named in the data list, with necessary
conversion to conform to the attributes of
the variable. On output, the value of the
associated element in the data list is
converted to the character representation
specified by the format item and is
inserted into the data stream.

Syntax rules:
1.

Each "item" represents a format item
as described below.

2.

The letter ~ represents an iteration
factor, which is either an expression
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There are six data format items: fixedpoint (F), floatiIlg'-point (E), complex eC),
picture (P), character-string (A), and bitstring eE). They are, in general,
specified as follows:

F (w[,d [,p]])

the format item if the field width is
to be the same as the length of the
string, that is, if no blanks are to
follow the string.

C (real--format-item [, real-format-i tern] )
2.

P 'picture-specification'
A

[(w)]

B

[(w)]

In this list, the letter w represents an
expression that specifies-the number of
characters in the field.
The letter d
specifies the number of digits to the-right
of a decimal point; it may be omitted for
fixed-point integers. The real format item
of the complex format item represents the
appearanc(~ of either an F, E or P format
item. The picture specification of the P
forma t i b~m can be ei ther a numeric
character specification or a characterstring specification. On output, data
associated with E and F format items is
rounded if the internal precision exceeds
the external precision.

3•

(F ( 6 , 2) ) ;

The conversion from internal decimal
fixed-point type to character type is
performed according to the normal
rules for conversion.
Extra
characters may appear as blanks
preceding the number in the converted
string. And, since leading zeros are
converted to blanks, additional blanks
may precede the number.
If a decimal
point or a minus sign appears, either
will cause one leading blank to be
replaced,.
In edit-directed output, the field
width specification in the format item
(in this case, the 6 in the F (6 ,2)
format item) can be used to truncate
leading zeros. In this specification,
one zero is truncated. TOTAL would be
converted to a character string of
length seven.
If all four digits of
the converted number are greater than
zero, the number, with its inserted
decimal point, will require five digit
positions; if the number is negative,
another digit pOSition will be
required for the minus sign.
Consequently, the F(6,2) specification
will always allow all digits, the
point, and a possible sign to appear,
but will remove the extra blank by
truncat ion.

The following examples illustrate the
use of format items:
(A (20» ;

This statement causes the next 20
characters in the file called INFILE
to be assigned to ITEM. The value is
automatically transformed from its
character representation specified by
the format item A(20), to the
representation specified by the
attributes declared for ITEM.
Note: If the data list and format list
were-used for output, the length of a
string item need not be specified in

PUT ED IT ( Tor AL )

Assume TOTAL has the attributes FIXED
(4,2); then the above statement
specifies that the value of TOTAL is
to be converted to the character
representation of a fixed-point number
and written into the standard output
file SYSPRINT. A decimal point is to
be inserted before the last two
numeric characters, and the number
will be right-adjusted in a field of
six characters. Leading zeros will be
changed to blanks, and, if necessary,
a minus sign will be placed to the
left of the first numeric character.

Note: Fixed-point binary and floating-point
binary data items must always be
represented in the input stream with their
values expressed in decimal digits. The F
and E format items may then be used to
access them, and the values will be
converted to binary representation upon
assignment.
On output, binary items are
converted to decimal values and the
associated F or E format items must state
the field width and pOint placement in
terms of the converted decimal number.

GET FILE (INFILE) EDIT (ITEM)

(B);

Assume MASK has the attribute BIT
(25); then the above statement writes
the value of MASK in the file called
MASKFLE as a string of 25 characters
consisting of O's and l's. A field
width specification can be given in
the B format item.
It rrust be stated
for input.
----

A third specification (E) is allowed in
the F format item; it is a scaling factor.
A third specification (s) is allowed in the
E format :item to specify the number of
digits that must be maintained in the first
subfield of the floating-point number.
These specifications are discussed in
detail in section E, "Edit-Directed Format
Items" •

1.

PUT FILE (MASKFLE) EDIT (MASK)

4.

GET FILE(A) EDIT (ESTIMATE)

Chapter 11:

(E(10,6»;

Stream-oriented Transmission

143

This statement obtains the next ten
characters from the file called A and
interprets them as a floating-point
decimal number. A decimal point is
assumed before the rightmost six
digits of the mantissa. An actual
point within the data can override
this assumption. The value of the
number is converted to the attributes
of ESTIMATE and assigned to this
variable.
5.

GET EDIT (NAME, TOTAL)
(P'AAAAA',P'9999');
When this statement is executed, the
standard input file SYSIN is assumed.
The first five characters must be
alphabetic Or blank and they are
assigned to NAME. The next four
characters must be nonblank numeric
characters and they are assigned to
TOTAL.

Control Format Items
The control format items are the spacing
format item (X), and the COLUMN" LINE,
PAGE, and SKIP format items. The spacing
format item specifies relative spacing in
the data stream. The PAGE and LINE format
items can be used only with PRINT files
and, consequently, can only appear in PUT
statements. All but PAGE generally include
expressions.
LINE, PAGE, and SKIP can also
appear separately as options in the PUT
statement; SKIP can appear as an option in
the GET statement. The following examples
illustrate the use of the control format
items:
1.

GET EDIT (NUMBER, REBATE)
(A ( 5), X (5 ), A( 5) ) ;
This statement treats the next 15
characters from the standard input
file, SYSIN, as follows:
the first
five characters are aSSigned to
NUMBER, the next five characters are
spaced over and ignored, and the
remaining five characters are assigned
to REBATE.

2.

GET FILECIN) EDIT(MAN,OVERTIME)
CSKIP(I), A(6), COLUMN(60), FC4,2»;
This statement positions the data set
associated with file IN to a new line;
the first s~ix characters on the line
are assigned to MAN, and the four
characters beginning at character
position 60 are assigned to OVERTIME.

3.

PUT FILE (OUT) EDIT (PART" COUNT)
CA(4), X(2), F(5»;
This statement places in the file
named OUT four characters that
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represent the value of PART, then two
blank characters, and finally five
characters that represent the fixedpoint value of COUNT.
4.

The following examples show the use of
the COLUMN, LINE, PAGE, and SKIP
format it~ms in combination with one
another.
PUT EDIT ('QUARTERLY STATEMENT')
(PAGE, LINE(2), ACI9»;
PUT EDIT
(ACCT#, BOUGHT, SOLD,
PAYMENT, BALANCE)
(SKIP(3), A(6), COLUMN (14) ,
F(7,2), COLUMN(30), F(7,2),
COLUMN(45), F(7,2),
COLUMN(60), F(7,2»;
The first PUT statement specifies that
the heading QUARTERLY STATEMENT is to
be written on line two of a new page
in the standard output file SYSPRINT.
The second statement specifies that
two lines are to be skipped (that is,
"skip to the third following line")
and the value of ACCT# is to be
written, beginning at the first
character of the fifth line; the value
of BOUGHT, beginning at character
position 14; the value of SOLD,
beginning at character position 30;
the value of PAYMENT, beginning at
character position 45; and the value
of'BALANCE at character position 60.

Note: Control format items are executed at
the time they are encount~red in the format
list. Any control format list that appears
after the data list is exhausted will have
no effect.
Remote Format Item
The remote format item (R) specifies the
label of a FORMAT statement (or a label
expression whose value is the label of a
FORMAT statement) located elsewhere; the
FORMAT statement and the GET or PUT
statement specifying the remote format item
must be internal to the same block. The
FORMAT statement contains the remotely
situated format itemEt. This facility
permits the choice of different format
specifications at execution time, as
illustrated by the following example:
DECLARE SWITCH LABEL;
GET FILECIN) LIST (CODE) ;
IF CODE = 1
THEN SWITCH = Ll;
ELSE SWITCH = L2;
GET FILECIN) EDIT (W,X,Y,Z)
CR CSWITCH) ) ;
Ll~
FORMAT (4 FCS,3»;
L2: FORMAT (4 E(12,6»;

SWITCH has been declared to be a label
variable; the second GET statement can be
made to operate with either of the two
FORMAT statements.

included in each printed line; if it is not
specified for a PRINT file, a default value
of 120 characters is assumed (but there is
no default for a non-PRINT file).
The
PAGESIZE option specifies the maximum
number of lines to appear in each prL1ted
page; if i t is not specified, a default
value of 60 lines is assumed. Consider the
following example:

Expressions in Format Items
The ~, E" Q, and51 specifications in
data format items;, as well as the
specifica ·tions in control format items,
need not be decimal integer constants.
Expressions are allowed.
They may be
variables or other expressions.

OPEN FILECREPORT) OUTPUT STREAM PRINT
PAGESIZE(55) LINESIZE(110);

A value read into a variable can be used
in a forma.t item associated with another
variable later in the data list.
PUT EDIT (NAME,NUMBER,CITY)
(ACN) ,ACN-4) ,A(10»;
GET EDIT (M,STRING A,I,STRING B)
On2) ,ACM)"X CM),FC2) ,ACI»;
In the first example, the value of NAME is
inserted in the stream as a character
string left-adjusted in a field of N
characters; NUMBER is left-adjusted in a
field of N-4 characters; and CITY is leftadjusted in a field of 10 characters.
In
the second example, the first two
characters are assigned to M. The value of
M is then taken to specify the number of
characters to be assigned to STRING A and
also to specify the number of characters to
be ignored before two characters are
assigned to I, whose value then is used to
specify the number of characters to be
assigned to STRING_B.

Print Files
rhe PRINT attribute can be applied only to
a STREAM OUTPUT file.
It indicates that
the data in the file is ultimately intended
to be printed (although i t may first be
written on a medium other than the printed
page). The first data byte of each record
of a PRIN~r file is reserved for an American
National Standard CANS) printer control
character; the compiler causes the control
character::; to be inserted automatically
when statements containing the control
options and format items PAGE, SKIP, and
LINE are lexecuted.
The layout of a PRINT file can be
controlled by the use of. the options and
format items listed in figure 11.3.
(Note
that LINESIZE, SKIP, and COLUMN can also be
used for non-PRINT files.)
LINESIZE and
PAGESIZE establish the dimensions of the
printed area of the page, excluding
footings.
The LINESIZE option specifies
the maximum number of characters to be

This statement opens the file REPORT as a
PRINT file.
The specification PAGESIZE(55)
indicates that each page should contain a
maximum of. 55 lines.
An attempt to write
on a page after 55 lines have already been
written (or skipped) will raise the ENDPAGE
condition. The standard system action for
the ENDPAGE condition is to skip to a new
page, but the programmer can establish his
own action through use of the ON statement.
The ENDPAGE condition is raised only
once per page. consequently, printing can
be continued beyond the specified PAGESIZE
after the ENDPAGE condition has been raised
the first time. This can be useful, for
example, if a footing is to be written at
the bottom of each page. For example:
ON ENDPAGE(REPORT) BEGIN;
PUT FILE(REPORT) SKIP LIST
(FOOTING) ;
N = N + 1;
PUT FILE (REPORT) PAGE LIST
( • PAGE • I IN) ;
PUT FILE(REPORT) SKIP (3);
END;
Assume that REPORT has been opened with
PAGESIZE(55), as shown in the previous
example.
When an attempt is made to write
on line 56 (or to skip beyond line 55), the
ENDPAGE condition will arise~ and the begin
block shown here will be executed. The
first PUT statement specifies that a line
. is to be skipped, and the value of FOOTING,
presumably a character string, is to be
printed on line 57 (when ENDPAGE arises,
the current line is always PAGESIZE+l).
The page number is incremented, the file
REPORT is set to the next page, and the
character string • PAGE , is concatenated
with the new page number and printed,. The
final PUT statement causes three lines to
be skipped, so that the next printing will
be on line 4. Control returns from the
begin block to the PUT statereent that
caused the ENDPAGE condition, and the data
is printed.
Any SKIP option specified in
that statement will have no further effect,
however ..
Note that SIGNAL ENDPAGE is ignored if
there is no ENDPAGE on-unit.
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r---------------------------------------------------------------------------------------,
! Edit-directed
I Statement in
Option

----------------

! format item
!
I
-----~------------

I which option
! or format
I item appears

Effect

---------------- ----------------------------------

LINESIZE(w)~

OPEN

Establishes line width

PAGESIZ E(w)

OPEN

Establishes page width

PAGE

PAGE

PUT

Skip to new page

LINE(w)

LINE(w)

PUT

Skip to specified line

SKIP[(x)]~

SKIP({x)]~

PUT

Skip specified number of lines

COLUMN(w)~

PUT

Skip to specified character
position in line

~Can

also be used with non-PRINT files: see "Options of Transmission Statements",
earlier in this chapter, and "ENVIRONMENT Attribute" on this page.

L------------------------------------------------------_______________________________.__
Figure 11.3.

J

Options and format items for controlling layout of PRINT files

The specification LINESIZE(110)
indicates that each line on the page can
contain a maximum of 110 characters. An
attempt to write a line greater than 110
characters will cause the excess characters
to be placed on the next line.

The options applicable to streamoriented transmission are:
FIFBIFSIFBSIVIVBIDIDBIU
RECSIZE(record-length)
BLKSIZECblock-size)
BUFFERS(n)

standard File SYSPRINT

CONSECUTIVE
LEAVE!REREAD

Unless the standard file SYSPRINT is
declared explicitly, it is always given the
attribute PRINT. Under the optimizing
compiler, a new page is initiated
automatically when the file is opened.
If
the first PUT statement that refers to the
file has the PAGE option, or if the first
PUT statelilent includes a format 1 ist with
PAGE as the first item, a blank page will
appear.
Under the checkout compiler, no
new page is started when an explicit or
implicit OPEN is executed for SYSPRINT,
because the file is used by the compiler to
transmit diagnostic messages. SYSPRINT is
always open under the checkout compiler.

En vironment Attribute
The ENVIRONMENT attribute specifies
information about the physical organization
of the data set associated with a file.
rhe information is contained in a
parenthesized option list; the general
format. is:
ENVIRONMENT (option-list)
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ASCII
BUFOFF [ (n) ]
The options may appear in any order and
are separated by blanks, The options
themselves cannot contain blanks.
The options are discussed below.

RECORD FORMAT OPTIONS
Although record boundaries are ignored in
stream-oriented transmission, record format
is important when a data set is being
created, not only because it affects the
amount of storage space occupied by the
data set and the efficiency of the program
that processes the data, but also because
the data set may later be processed by
record-oriented transmission. Having
specified the record format, the programmer
need not concern himself with records and
blocks as long as he uses only streamoriented transmission; he can consider his
data set as a series of characters arranged

in lines, and can use the SKIP option or
format item (and, for a PRINT file, the
PAGE and LINE options and format items) to
select a new line.
Records can have one of the following
formats:
Fixed-Ienqth

Variable-length

F
FB
FBS
FS

unblocked
blocked
blocked, standard
unblocked, standard

V
VB

unblocked
blocked
unblocked (see
"ASCII Data Sets")
blocked (see
"ASCII Data Sets")

o

DB
Undefined-length

U

the last block can be a short
block.
A sequential data set is said to contain
FBS-format records if:
1.

All records in the data set are FBformat.

2.

For direct-access storage, every track
except the last one is filled to
capacity.

3.

No blocks except the last one are
truncated.

Data sets with FBS-format can be read more
efficiently from direct-access storage than
data sets with truncated blocks.

(cannot be blocked)

Blocking and deblocking of records is
performed automatically.
INote that spanned records (VBS and VS)
Icannot be used with stream-oriented
I input/output.

Variable-length Records
Each record can be a different length.

All records, whatever the format,
consist of data bytes and, optionally,
control 0:[' prefix bytes. Variable-length
records include control and prefix bytes to
specify record and block lengths; the use
of these bytes is described later in this
section.
In addition, any record (whatever
the forma -t) associated with a PRINT file
has the first data byte interpreted as a
printer control character.
The compiler
analyzes the relevant PUT statement and
inserts the appropriate character (or a
default character).

v-format:

The records are unblocked; each
record constitutes a single
block. Each record consists
of:
Four control bytes
Data bytes
The four control bytes contain
the record length (that is,
the length of the current
record); this value is
inserted automatically, and
requires no action by the
programmer.

Fixed-length Records
In addition, four extra
control bytes are placed at
the beginning of the block
(that is, the record). These
bytes contain the block size;
the value is inserted in the
same way as the record length.

All records in the data set are the same
length.
F-format:

The records are unblocked; each
record constitutes a single
block.

FB-format:

The records are blocked, some
of the blocks may be shorter
blOcks, that is they may be
shorter than the specified
block size.

VB-format:

FS-format:

Each

Four control bytes
Data bytes
The four control bytes have
the same purpose as in V.format records. The block has
four extra control bytes for
the block size in the same way
as V-format records.

The records are unblocked; each
record constitutes a single
block. For direct-access
storage, every track except the
last one is filled to capacity.

FBS-forma·t: The records are blocked.

The records are blocked,
record consists of:

Only

D- and DB-format: see "ASCII Data Sets".
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Undefined-length Records

BLKSIZE Option

All processing is the responsibility of the
programmer.
If a length specification is
required in the record, the programmer must
provide one and also interpret it.

The BLKSIZE option specifies the block
size. This is the sum of:

RECSIZE Option

1.

The lengths of all the records in the
block.
For variable length records,
the length of each record includes the
four control bytes for the record
length.

2.

Any control bytes required. Variablelength blocked records require four
for the blocksize; fixed-length and
undefined-length records do not
require any.

rhe RECSIZE option specifies the record
length. This is the sum of:
1.

2.

The length required for data.
For
variable-length and undefined records,
this is the maximum length.
Any control bytes required. Variablelength records require four, for the
record length; fixed-length and
undefined-length records do not
require any.

Any block prefix bytes (ASCII data
sets)
The block size can be specified as a
decimal integer constant, or as a variable
with the attributes FIXED BINARY(31,0)
STATIC.
The value is subject to the following
conventions:

ThE~ record length can be specified as a
decimal integer constant, or as a variable
with the attributes FIXED BINARY(31,0)
STATIC.

Maximum:

32,760 bytes (or 9999 for an
ASCII data set for which
BUFOFF is specified without a
prefix-length value)

The value is subject to the following
conventions:

Zero value:

A search for a valid value is
made in (in the following
order):

Maximum:

Zero value:

Fixed-length, and
undefined-length (except ASCII
data sets):
32,760 bytes.
Variable-length (except ASCII
data sets):
32,756 bytes
ASCII data sets:
9999 bytes

DO statement for the
data set associated 'with
the file
Data set labe I
If neither of these can
provide a value, default
action is taken (see "Record
Format Defaults". later in
this section).

A search for a valid value is
made in (in the following
order):
DD statement for the
data set associated with
the file

Negative value:
the UNDEFINEDFILE
condition is raised.

Data set label
If neither of these can
provide a value, default
action is taken (see "Record
Format Defaults", later in
this section).
Negative value:
The UNDEFINEDFILE
condition is raised.
A value implied by the LINESIZE option
overrides a value specified in the RECSIZE
option.
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The relationship of the block size to
the record length depends on the record
format:
FB-format or FBS-format: The block size
must be a multiple of record
length
VB-format:

The block size must be equal to
or greater than the sum of:
The lengths of all the records
in the block

derived from the value for the
specified option (with the
addition or subtraction of any
control or prefix bytes).

Four control bytes for the
block size
DB-format:

The blocksize must be equal to
or greater than the sum of:

If neither is specified, the
UNDEFlNEDFILE condition is raised,
except for files associated with
dummy data sets, in which case a
block size of 121 is assumed for
F-format or U-format records and
129 for V-format records. For
files associated with the
foreground terminal a record size
of 120 is assumed.

The lengths of all the records
in the block
Length of the block prefix (if
block is prefixed)
Note:
1.

The BLKSIZE option can be used with
unblocked (F-,V-, or D-format) records
as follows:
a.

b.

2.

OUTPUT files:

The BLKSIZE option, but not the
RECSIZE option, is specified. The
record length is set equal to the
block size (minus any control or
prefix bytes) and the record
format is unchanged.

Record format: Set to VB-format, or if
ASCII option specified, to DBformat

Both the BLKSIZE and the RECSIZE
options are specified, and the
relationship of the two values is
compatible with blocking for the
record format used. The records
are assumed to be blocked and the
record format is set to FB, VB;, or
DB whichever is appropriate.

PRINT files:
F, FB, F"BS, or U: LINESIZE + 1
V, VB, 0" or DB:
LINESI ZE + 5

If, for FB-format or FBS-format
records, the block size equals the
record length, the records are assumed
to be unblocked and the record format
is set to F.

Record length: The specified or default
LINESIZE value is used:

Non-PRINT files:
F, FB, FBS, or U: LINESIZE
V, VB, 0, or DB: LINESIZE + 4
IBlock size: F, FB, or FBS: record length
I
V or VB: record length + 4
I
D or DB: record length + block
prefix (see note 3)
BUFFER offset: F, FB"
0, or DB:
4

or U: 0

Note:
Record Format Defaults
If any of the record format options is not
specified in the ENVIRONMENT attribute, or
in the associated DO statement or data set
label, the following action is taken:

1.

The standard default for LINESIZE is
120.

2.

If the default block size as
calculated above is greater than
32,760 the block size is set equal to
(record length + 4), and the records
are set to V-format, except when the
ASCII option is specified. With ASCII
data sets, if the default blocksize is
greater than 32,760 6 or 9999 if BUFO~F
is specified without a prefix-length
value, then the block size is set
equal to (record length + length of
block prefix) and the record format is
set to D.

3.

with DB-format records on output
files, the length of the block prefix
(that is, the buffer offset) must
always be either 0 or 4.

4.

The optimizing and checkout compilers
will also accept the form of record
format specification used for the

INPUT files:
Record format: The UNDEFINEDFlLE condition
is raised, except for files
associated with dummy data sets or
the £oreground terminal, in which
case U-format is assumed.
Block size or record length:
If one of
these is specified" a search is
made for the other in the
associated DO statement or data
set label. If the search provides
a value, the UNDEFINEDFILE
condition is raised if this value
is irocompatible with the value in
the specified option. If the
search is unsuccessful, a value is
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PL/ICF) compiler. In this form, the
record length and block size are
included in the format specification.

and REGIONAL. A data set that is "to be
accessed by stream-oriented transmission
must have CONSECUTIVE organization; since
this is the default for data set
organization, it need not be specified at
all for a STREAM file.

BUFFER ALLOCATION
A buffer is a main storage area that is
used for the intermediate storage of data
transmitted to and from a data set. The
use of buffers allows transmission and
comput.ing time to be overlapped. Buffers
are essential for the automatic blocking
and deblocking of records.

BUFFERS option
The option BUFFERSCn) in the ENVIRONMENT
attribute specifies the number(n) of
buffers to be allocated for a data set;
this number must not exceed 255 (or such
other maximum as was established at system
generation).
If the number of buffers is
not specified or is specified as zero, two
buffers are assumed for the optimizing
compiler, and one buffer is assumed for the
checkout compiler.

CONSECUTIVE Data Sets
The records in a CONSECUTIVE data set are
arranged sequentially in the order in which
they were written; they can be retrieved
only in the same order. After the data set
has been created, the associated file can
be opened for input Cto read the data), or
for output (to extend the data set by
adding records at the end, or to replace
the contents of the data set by new data:
the effect of using an OUTPUT file to
process an existing data set depends on the
DISP parameter of the associated DD
st atement) •

MAGNETIC TAPE HANDLING OPTIONS
LEAVE and REREAD Options

The number of buffers can be specified
in the BUFNO subparameter of a DD statement
instead of in the ENVIRONMENT attribute.

DCB Subparameter
Some of the information that can be
specified in the options of the ENVIRONMENT
attribute can also be specified in the DCB
subparameter of a DD statement. The table
gives a list of equivalents.
ENV Option

DCB Subparameter

Record format
RECSIZE
BLKSIZE
BUFFERS
ASCII
BUFOFF

RECFM
LRECL
BLKSIZE
BUFNO
ASCII
BUFOFF

DATA SET ORGANI ZATI ON
The organization of a data set determines
how data is recorded in the data set, and
how the data is subsequently retrieved so
that i.t can be transmitted to the program.
This i.mplementation recognizes three data
set organizations, CONSECUTIVE, INDEXED,

150

OS PL/I CKT AND OPT LRM PART I

The volume disposition options allow the
programmer to specify the action to be
taken when the end of a magnetic tape
volume is reached, or when a data set on a
magnetic tape volume is closed. The LEAVE
option prevents the tape fron being
rewound. The REREAD option rewinds the
tape to permit reprocessing of the volume
or data set. If neither of these is
specified, the action at end of volume or
on closing of a data set is controlled by
the DISP parameter of the associated DD
statement. The effects of the options are
summarized in figure 11.4.

ASCII DATA SETS
Data sets on magnetic tape using ASCII may
be created and accessed in PL/I.
The
implementation supports F, U, and D record
formats. F and U formats are treated in
the same way as with other data sets; D and
DB formats, which correspond to V and VB
formats with other data sets, are described
below.
In addition to the record format, two
other ENVIRONMENT options may be specified:
ASCII, and the buffer offset option BUFOFF.

r---------------------------------------------------------------------------------------,
ENVIRONMENT
1
DISP
1
Action

I

1

Option

I

Parameter

1

1--------------------------------------------------------------------------------------REREAD
1
1 Positions the current volume to reprocess the

1 •
1
1

1
1

1
1

data set. Repositioning for a BACKWARDS file
is at the physical end of the data set.

1

f

end of the data set. Positioning for a
BACKWARDS file is at the physical beginning
of the data set.

1

Positions the volume at the end of the data
set

1--------------------------------------------------------------------------------------LEAVE
I
Positions the current volume at the logical
I
Neither
REREAD nor
LEAVE

PASS

1
1

DELETE
KEEP, CATLG,

1
1

Rewinds the current volume

1
1

Rewinds and unloads the current volume

UNCATLG
I
L-------------________________________________________
-----------------_-_______________
Figure 11.4.

J

Effect of LEAVE and REREAD options

ASCII Option
This option specifies that the code used to
represent data on the data set is ASCII.

BUFOFF Option and Block prefix Fields
At the beginning of each block in an ASCII
data set, there may be a field known as the
block prefix field.
It may be from one to
99 bytes long. The buffer offset option
indicates the length of this field to data
management, so that the accessing or
creation of data is started at this offset
from the beginning of each physical block.
PLiI does not support access to this field,
and in general it does not contain
information which is used in OS
implementations. There is one situation in
which data management does use information
in the block prefix: with unblocked or
blocked variable length records (that is,
0- or DB-format records), the block prefix
field may be used to record the length of
the block.
In this case, it is four bytes
long and contains a right-aligned, decimal
character value that gives the length of
the block in bytes, including the block
prefix field itself. It is then exactly
equivalent to a block length field.

zero and its maximum is 99. The absence of
a prefix length specification indicates
that the block prefix is to be used as a
block length field; it implies that the
field is four bytes long. The length of
the block is inserted in the prefix by data
management.
On input, any ASCII data set may be
accessed if it has a block prefix field of
length one to 99 bytes, or no block prefix
field at all: and it may be accessed
whether or not the block prefix field is
used as a block length field.
On output, a
data set using anyone of the three valid
record formats ~ay be created without a
block prefix, but the only situation in
which the creation of a block prefix is
supported by PL/I is when it is used as a
block length field.
The BUFOFF option may be used with ASCII
data sets only.

D-format and DB-format Records
Each record may be of a different length.
The two different formats are:
D-format:

The format of the buffer offset option
is BUFOFF [en)]. A numerical value equal
to the length of the prefix can be
specified. for ft nft • It may be specified as
either a decimal integer constant or as a
variable with the attributes FIXED
BINARYC31,O) STATIC. Its minimum value is
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The records are unblocked: each
record constitutes a single
block. Each record consists of:
Four control bytes
Data bytes
The four control bytes contain
the length of the record; this
value is inserted by data
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management and requires no
action from the programmer. In
addition, there may be, at the
start of the block, a block
prefix field, which may contain
the length of the block.

DB-format: The records are blocked. All
other information given for
D-format applies to DB-format.
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Default Rules

In addition to the rules given under
"Record Format Defaults", the following
rule applies:
If ASCII is not specified in either the
ENVIRONMENT option or the DD statement, but
one of BUPOFF, D, or DB is specified, then
ASCII is assumed.

Chapter 12: Record-oriented Transmission

rhis chapter describes the input and output
statements used in record-oriented
transmission. Those features of PL/I that
apply equ.ally to record-oriented and
stream-oriented transmission, including
files, file attributes, and opening and
closing files, are described in chapter 10,
"Input and output".
In record-oriented transmission, data in
a data set is considered to be a collection
of records recorded in any format
acceptable to the operating system. No
data conversion is performed during recordoriented transmission: on input, the READ
statement. either causes a single record to
be transmitted to a program variable
exactly as it is recorded in the data set,
or else sets a pointer to the record in a
buffer; on output, the WRITE, REWRITE, or
LOCATE statement causes a single record to
be transm.itted from a program variable
exactly as it is recorded internally.
Although data is actually transmitted to
and from a data set in blocks, the
statement.s used in record-oriented
transmission are concerned only with
records; the records are blocked and
deblocked automatically.

Data Transmitted
Most vari.ables, including parameters and
DEFINED variables, can be transmitted by
record-oriented transmission statements,
and in general, the information given in
this chapter may be applied equally to all
variables. There are certain special
considerations for a few types of data, and
these arE~ given below.

Data Aggregates
The following restrictions apply to data
aggregatE~s :
1.

The following may not be transmitted.
1.

BASED, DEFINED, parameter,
subscripted, or structure-base-element
variables that are unaligned fixedlength bit strings.

2.

Minor structures whose first or last
base elements are ~laligned fixedlength bit strings (except where they
are also the first or last elements of
the containing major structure).

3.

Major structures that have the
DEFINED attribute or are parameters,
and that have unaligned fixed-length
bit strings as their first or last
elements.

Varying-Length Strings and Area
Variables
A locate mode output statement (see ftLOCATE
statement ft , later in this Chapter)
specifying a varying-length string causes
the transmission of a field having a length
equal to the maximum length of the string,
plus a two-byte prefix denoting the current
length of the string. The SCALARVARYING
option must be specified for the file.
A
locate mode output statement specifying an
area variable causes the transmission of a
field as long as the declared size of the
area, plus a 16-byte prefix containing
control information.
A move mode output statement (see ftWRITE
Statement ft and "REWRITE Statement ft later in
this chapter) specifying a varying-length
string variable transmits only the current
length of the string. A two-byte prefix is
included only if the SCALARVARYING option
is specified for the file. A move mode
statement specifying an element area
variable or a structure whose last element
is an area variable transmits only the
current extent of the area plus a 16-byte
prefix.

An aggregate must be in connected
storage.
(An aggregate parameter must
the CONNECTED attribute).

Data Transmission Statements

For the LOCATE statement, the variable
must be a level 1 based variable.

The following is a general description of
the record-oriented data transmission

hav~~

2.

Unaligned Bit string§
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statements; they are described in detail in
section J, "statements".

LOCATE Statement

ThE~re are four statements that actually
cause transmission of records to or from
auxiliary storage.
'!bey are READ, WRITE,
LOCATE:, and REWRITE. A fifth statement.,
the DELETE statement, is used to delete
records from an UPDATE fi Ie. The
attributes of the file determine which
statements can be used.

The LOCATE statement can be used only with
an OUTPUT SEQUENTIAL BUFFERED file. It
allocates storage within an output buffer
for a based variable, setting a pointer to
the location in the buffer as it does so.
This pointer can then be used to refer to
the allocation so that data can be moved
into the buffer. When a complete block of
logical records is present in a buffer, the
block is transmitted to an output device.

READ Statement

DELETE Statement

rhe READ statement can be used with any
INPUT or UPDATE file. It causes a record
to be transmitted from the data set to the
program, either directly to a variable or
to a buffer.
In the case of blocked
records, a READ statement with the
appropriate option causes a record to be
transferred from a buffer to the variable
or set.s a pointer to the record in a
buffer; consequently, not every READ
statement causes transmission of data from
an input device.

The DELETE statement specifies that a
record in an UPDATE file be deleted.

UNLOCK Statement
The UNLOCK statement is used in association
with a READ statement that refers to an
EXCLUSIVE file.
The UNLOCK statement makes
the specified record available to other
tasks in addition to that for which the
READ statement was issued.

WRITE statement

Options of Transmission Statements
rhe WRITE statement can be used with any
OUTPUT file or DIRECT UPDATE file, but not
with a SEQUENTIAL UPDATE file.
It causes a
record to be transmitted from the program
to the data set. For unblocked records,
transmission may be directly from a
variable or from a buffer. For blocked
records, the WRITE statement causes a
logica.l record to be placed into a buffer;
only when the blocking of the records is
complete is there actual transmission of
data t.o an output device.

Options that are a.llowed for recordoriented data transmission statements
differ according to the attributes of the
file and the characteristics of the
associated data set. Lists of all of the
allowed combinations for each type of file
are given in figures 12.9 through 12.14,
later in this chapter.
Each option con.si sts of a keyword
followed by a value, which is a file
expression, a variable, or an expression,
enclosed in parentheses. In any statement,
the options may appear in any order.

REWRITE Statement
FILE Option
rhe REWRITE statement causes a record to be
replaced in an UPDATE file.
For SEQUENTIAL
UPDATE files, the REWRITE statement
specifies that the last record read from
the file is to be rewritten; consequently a
record must be read before it can be
rewritten.
For DIRECT UPDATE files, any
record can be rewritten whether or not it
has first been read.
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The FILE option must appear in every
record-oriented statement.
It specifies
the file upon which the operation is to
take place.
It consists of the keyword
FILE followed by a file expression enclosed
in parentheses. An example of the FILE
option is shown in each of the statements
in this section.

REWRITE without FROM has no effect on the
record in the data set; but if the last
record was read by a READ statement with
the SET option, the record will be updated,
in the buffer, by whatever assignments were
made and copied back onto the data set.

rhe INTO option can be used in the READ
statement for any INPUT or UPDATE file.
rhe INTO option specifies a variable into
which the logical record is to be read.

WRITE FILE (MASTER) FROM (MAS_REC);
READ FILE (DETAIL) INTO (RECORD_1):
REWRITE FILE (MASTER) FROM (MAS_REC):
This specifies that the next sequential
record is to be read into the variable
RECORD_1.
Note that the INTO option can name an
element s~ring variable of varying length.
IIf the SCALARVARYING option of the
IENVIRONMENT attribute is specified for the
Ifile, then each record is assumed to
Icontain a two-byte prefix that specifies
Ithe length of the string data.
(See "FROM
IOption" below).

Both statements specify that the value of
the variable MAS REC is to be written into
the file MASTER.- In the case of the WRITE
statement, it specifies a new record in a
SEQUENTIAL OUTPUT file. The REWRITE
statement specifies that MAS_REC is to
replace the last record read from a
SEQUENTIAL UPDATE file.

SET Option
If SCALARVARYING was not declared then,
on input, the implementation calculates the
string length from the record length and
attaches it as a two-byte prefix. For
varying-length bit strings, this
calculation rounds up the length to a
multiple of 8 and therefore the calculated
length may be greater than the maximum
declared length.

The SET option can be used with a READ
statement or a LOCATE statement. It
specifies that a named pointer variable is
to be set to point to the location in the
buffer into which data has been moved
during the READ operation, or which has
been allocated by the LOCATE statement.
READ FILE (X) SET (P);
This statement specifies that the value of
the pointer variable P is to be set to the
location in the buffer of the next
sequential record.
If the SET option is
omitted, the pointer declared with the
record variable will be set.

FROM Option
rhe FROM option must be used in the WRITE
statement for any OUTPUT or DIRECT UPDATE
file.
It can also be used in the REWRITE
statement for any UPDATE file.
The FROM
option specifies the variable from which
the record is to be written.
Note that the FROM option can name an
element string variable of varying length.
IWhen using a WRITE statement with the FROM
I option, only the current length of a
Ivarying-length string is transmitted to a
Idata set, and a two-byte prefix specifying
Ithe length may be attached; it is attached
lonly if the SCALARVARYING option of the
IENVIRONMENT attribute is specified for the
Ifile.
Records are transmitted as an integral
number of bytes. Therefore, if a bit
string (or a structure that starts or ends
with a bit string) that is not aligned on a
byte boundary" is transmitted, the record
will contain bits at the start or end that
are not part of the string.
The FROM option can be omitted from a
REWRITE statement for SEQUENTIAL BUFFERED
UPDATE files.
If the last record was read
by a READ statement with the INTO option,

Note that if an element string variable
of varying-length is transmitted, the
SCALARVARYING option must be specified for
the fil e.

IGNORE Option
The IGNORE option can be used in a READ
statement for any SEQUENTIAL INPUT or
SEQUENTIAL UPDATE file.
It includes an
expression whose integral value specifies a
number of records to be skipped over and
ignored.
If the value of the expression is
negative or zero, no records are skipped.
READ FILE (IN) IGNORE (3);
This statement specifies that the next
three records in the file are to be
skipped.
If a READ statement includes none of the
options INTO, SET, and IGNORE. IGNORE (1) is
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assumed.

KEY Op-tion
The KEY option applies only to KEYED files
associated with data sets of INDEXED or
REGIONAL organization.
(The types of data
set orqanization applicable to recordoriented transmission are discussed under
"Data set Organization", later in this
chapter.) The option consists of the
keyword KEY followed by a parenthesized
expression, which may be a character-string
constant, a variable, or any other element
expression; if necessary, the expression is
evaluated and converted to a character
string'J The rules governing the length of
the character string and what it represents
are discussed below under "INDEXED
Organization" and "REGIONAL Organization"
later in this chapter.
The KEY option identifies a particular
record.. It can be used in a READ statement
for an INPUT or UPDATE file" or in a
REWRITE statement for a DIRECT UPDATE file.
(The KEY option can be used in a READ
statemEmt for a SEQUENTIAL file only if the
associated data set has INDEXED
organization.)

identifies the record on the data set, or
(for TRANSIENT files) the terminal to which
the message or record is to be transmitted.
It can be used in a WRITE statement for a
SEQUENTIAL OUTPUT or DIRECT UPDATE file or
a DIRECT OUTPUT file that has REGIONAL
organization, or in a LOCATE statement.
WRITE FILE (LOANS) FROM (LOANREC)
KEYFROM (LOANNO):
This statement specifies that the value of
LOANREC is to be written as a record in the
file LOANS, and that the character string
value of LOAN NO is to be used as the key
with which it can subsequently be
retrieved.
The KEYTO option specifies the name of
the variable into which the key (or
terminal identifier, if the file is
TRANSIENT) of a record is to be read. It
can be used in a READ statement for a
SEQUENTIAL INPUT, SEQUENTIAL UPDATE, or
TRANSIENT INPUT file.
READ FILE (DETAIL) INTO (INVTRY)
KEYTO (KEYFLD);
This statement specifies that the next
record in the file DETAIL is to be read
into the variable INVTRY, and that the key
of the record is be read into the variable
KEYFLD.

READ FILE (STOCK) INTO (ITEM)
KEY (STREY);
This s1:atement specifies that the record
identified by the character-str ing val ue of
the variable STKEY is to be read into to
the variable ITEM.

KEYFROM and KEYTO Options
The KEYFROM and KEYTO options apply only to
KEYED files associated with data sets of
INDEXED or REGIONAL organization, or to
TRANSIENT files. Each option consists of
the keyword KEYFROM or KEYTO followed by an
expression in parentheses.
For KEYFROM,
the expression may be a character-string
constant, or any other element expression:
if necessary, the expression is evaluated
and converted to a character string. For
KEYTO, the expression must be a characterstring variable or pseudovariable whose
value is less than 256 bytes long. The
rules governing the lengths of the
charact~er strings and what they represent
are discussed below, under "INDEXED
Organization" and "REGIONAL Organization"
(except. for TRANSIENT files!, which are
discussed under "Teleprocessing").
The KEYFROM option specifies a key that
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EVENT Option
The EVENT option consists of the keyword
EVENT followed by the name of an event
variable in parentheses.
(The appearance
of a name in the EVENT option constitutes a
contextual declaration of an event
variable.) The option can appear in any
READ, WRITE, REWRITE, or DELETE statement
for an UNBUFFERED file with CONSECUTIVE or
REGIONAL organization or for any DIRECT
file.
The EVENT option specifies that the
input or output operation is to take place
asynchronously (i.e., while other
processing continues) and that no I/O
conditions (except for UNDEFINEDFILE) are
raised until a WAIT statement. specifying
the same event variable, is executed by the
s arne task.
For exampl e:
READ FILE (MASTER) INTO (REC_VA'R)
EVENT (RECORD_l);

WAIT (RECORD_l):
When any expressions in the options of the

READ statement have been evaluated, the
input operation is started. As soon as
this has happened, the statements following
are executed.
Any RECORD, TRANSMIT, KEY,
or ENDFILE condition will not be raised
until control reaches the WAIT statement.
If, when the WAIT statement is executed,
the input operation is not complete, and if
none of the four condi tions is raised"
execution of further statements is
suspended until the operation is complete.
when the operation is successfully
completed, processing continues with the
next statement following the WAIT
statement. If any of the four conditions
arise owing to execution of the READ
statement, the condition(s) will be raised
when the WAIT statement is executed. For
this implementation, only the conditions
TRANSMIT and RECORD can occur together;
TRANSMIT is always processed first. Then,
upon normal return from anyon-units
entered, process ing continues with the next
statement following the WAIT statement.
~lthough t.he EVENT option specifies
asynchronous processing, none of the four
conditions can cause an interrupt until
they are synchronized with processing by
the WAIT statement.
Note that for consecutive and regional
sequential files only one outstanding
input/output operation is allowed for a
file unless a higher number is specified in
the NCP option of the environment attribute
or DCB subparameter. The ERROR condition
is raised if an attempt is made to initiate
an input/output operation on a fi Ie in
excess of the number allowed, while a
previous input/output operation has not
been waitE~d for.
Once a statement containing an EVENT
option has been executed, the event
variable named in the option is considered
to be active: while i t is active, the same
event variable cannot be specified again in
an EVENT option. The event var iable
becomes inactive again only after execution
of the corresponding WAIT statement or when
the file is closed.

commencement of the corresponding REWRITE;
the record will continue to be available to
other tasks in addition to that which
issued the READ statement.

Processing Modes
Record-oriented transmission offers the
programmer two methods of handling his
data. He can process data within a
declared storage area; this is termed the
move mode because the data is actually
moved into or out of main storage either
directly or via a buffer. Alternatively,
the programmer can process his data while
it remains in a buffer (that is, without
moving it into a declared storage area);
this is termed the locate mode, because the
execution of a data transmission statement
merely identifies the location of the
storage allocated to a record in the
buffer. The locate mode is applicable only
to SEQUENTIAL BUFFERED files. Which mode
is used is determined by the data
transmission statements and options used by
the programmer.

MOVE MODE
In the move mode, a READ statement causes a
record to be transferred from external
storage to the variable named in the INTO
option (via an input buffer if a BUFFERED
file is used): a WRITE or REWRITE statement
causes a record to be transferred from the
variable named in the FROM option to
external storage (perhaps via an output
buffer). The variables named in the INTO
and FROM options can be of any storage
class.
Consider the following example, which is
illustrated in figure 12.1:
NEXT:

The EVENT option can also be used with
the CALL statement to specify asynchronous
execution of procedures (see chapter 17,
"Multitasking"), and with the DISPLAY
statement with the REPLY option.

NOLOCK Option
The NOLOCK option can be used in a READ
statement that refers to an EXCLUSIVE file.
It specifies that the record accessed by
the READ statement will not be locked
between completion of a READ statement and

READ FILE(IN) INTO(DATA):

WRITE FILE (OUT) FROM (DATA);
GO TO NEXT;
The first time the READ statement is
executed, a block is transmitted from the
data set associated with the file IN to an
input buffer" and the first record in the
block is assigned to the variable DATA;
further executions of the READ statement
assign successive records from the buffer
to DATA. When all the records in the
buffer have been processed, the next READ
statement causes a new block to be
transmitted from the data set although this
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READ statement will probably access a new
record in an alternative buffer, thus
permitting overlapped data transmission and
processing. The WRITE statement is
executed in a similar manner, building
physical records in an output buffer and
transmitting them to the data set
associated with the file our each time the
buffer is filled.
The move mode may be simpler to use than
the locate mode since there are no buffer
alignment problems. Furthermore, i t can
result in faster execution when there are
numerous references to the contents of the
same record, because of the overhead
incurred by the indirect addressing
techni que used in locate mode.
It is possible to use the move mode
access technique and avoid internal
movement of data in the following cases:
1.

2.

SEQUENTIAL UNBUFFERED files with:
CONSECUTIVE organization with either
U-format records, or F-format records
which are not larger than the variable
specified in either the INTO or FROM
option; and REGIONAL(1) organization
with F-format records which are not
larger than the variable specified in
the FROM or INTO option.

variable. The record is available only
until the execution of the next READ
statement that refers to the same file.
A LOCATE statement causes storage for a
based variable to be allocated in an output
buffer, and sets a pointer variable to
identify the allocated storage. The based
variable can now have values assigned to
it. The next LOCATE, WRITE, or CLOSE
statement for the same file will, if
necessary, transmit the data in the output
buffer to the data set. After transmission
the storage used for the buffer is freed;
hence, only the latest one can be accessed.
Locate mode frequently provides faster
execution than move mode since there is
less movement of data, and less storage may
be required.
But it must be used
carefully; in particular, the programmer
must be aware of how his data will be
aligned in the buffer and how structured
data will be mapped: structure mapping and
data alignment are discussed in section K,
"Data Mapping".
Figure 12.2 illustrates the following
example, which uses locate mode for input
and move mode for output:

DIRECT files with REGIONAL(1) or
REGIONAL(2) organization and F-format
records; and REGIONAL(3) organization
with F-format or U-format records.

DCL DATA BASED(P);
NEXT:

READ FILE(IN) SETCP):

LOCATE MODE
WRITE FILE(OUT) FROM(DATA):
GO TO NEXT;
Locate mode requires the use of based
variables. A based variable is effectively
overlaid on the data in the buffer, and
different. based variables can be used to
access the same data by associating the
same pointer with each one; thus the same
data can be interpreted in different ways.
Locate mode can also be used to read selfdefining records, in which information in
one part of the record is used to indicate
the structure of the rest of the record;
for example, this information could be a
count of the number of repetitions of a
sUbfield, or a code identifying which one
of a class of structures should be used to
interpret. the record.
A READ statement caUses a block of data
to be transferred from the data set to an
input buffer if necessary, and then sets a
pOinter variable named in the SET option to
point to the location in the buffer of the
next record; the data in the record can
then be process ed by reference to the based
variable associated with the pointer

The first time the READ statement is
executed, a block is transmitted from the
data set associated with the file IN to an
input buffer" and the pointer variable P is
set to point to the first record in the
buffer; any reference to the variable DATA
or to any other based variable qualified by
the pointer P will then in effect be a
reference to this first record. Further
executions of the READ staterrent set the
pointer variable P to point to succeeding
records in the buffer. When all the
records in the buffer have been processed,
the next READ statement causes a new block
to be transmitted from the data set.
It is doubtful whether the use of locate
mode for both input and output in the above
example would result in increased
efficiency. An alternative would be to use
move mode for input and locate mode for
output, for example:
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DCL DATA BASED(P);
NEXT:

LOCATE DATA FILE(OUT);
READ FILE (IN) INTO(DATA);

LEAVE }
{ REREAD
TOTAL
CTLASA}
{ CTL360

GO TO NEXT;
COBOL
Each execution of the LOCATE statement
reserves storage in an output buffer for a
new allocation of the based variable DATA
and se1:s the pointer variable P to point to
this st:orage.
The first execution of the"
READ s1:atement causes a block to be
transmitted from the data set associated
with the file IN to an input buffer, and
the first record in the block to be
assignE~d to the first allocation of DATA;
subsequent executions of the READ statement
assign successive logical records to the
current allocation of DATA.
When all the
records in the buffer ha~e been processed,
the next READ statement causes a new block
to be t:ransmitted from the data set. Each
record is available for processing during
the period between the execution of the
READ si:atement and the next execution of
the LOCATE statement. When no further
space is available in the output buffer,
the next execution of the LOCATE statement
causes a block to be transmitted to the
data set associated with the file OUT, and
a new buffer to be allocated.
Note that if the READ statement raises
the ENDFILE condition, the file OUT will
have been allocated a buffer which will be
transmitted when the file is closed.

INDEXAREA [(index-area-size)]
NOWRITE
ADDBUFF
GENKEY
NCP (n)
TRKOFL
SCALARVARYING
KEYLENGTH (n)
KEYLOC (n)
ASCII
BUFOFF [ (n) ]
PASSWORD (password-specification)
A constant or variable can be used with
those ENVIRONMENT options that require
decimal integer arguments, such as block
sizes and record lengths. The variable
must be unsubscripted and unqualified with
the attributes FIXED BINARY(31,0) and
STATIC.
The options may appear in any order, and
are separated by blanks. The options
themselves cannot contain blanks.

Environment Attribute
rhe ENVIRONMENT attribute specifies
information about the physical organization
of the data set associated with a file.
rhe information is contained in a
parenthesized option list; the general
format is:

The options are discussed below.

RECORD FORMAT OPTIONS
Records can have one of the following
formats:

ENVIRONMENT (option-list)
Fixed-length

F
FB
FS
FBS

unblocked
blocked
unblocked, standard
blocked, standard

variable length

V
VB
VS
VBS

unblocked
blocked
spanned
blocked, spanned
unblocked (see "ASCII
Data Sets")
blocked (see ASCII
Data Sets")

The options applicable to recordoriented transmission are:
FIFBIFSIFBSIVIVBIVSIVBSIDIDBIU
RECSIZE(record-length)
BLKSIZE(block-size)
BUFFERS (n)

D

CONSECUTIVE
INDEXED
VSAM
REGIONAL({11213})
TP( (MI R})

I
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DB
Undefined-length"

U

(cannot be blocked)
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Locate mode input, move mode output
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Blocking and deblocking of records is
performed automatically.
All records, whatever the format, consist
of data bytes and, optionally, control or
prefix bytes. Variable-length records
include control or prefix bytes to specify
record and block lengths; the use of these
bytes is described later in this section.
In addition, any record (whatever the
format) can have an optional printer or
machine control character in the first data
byte. The programmer must insert the
character himself, and must indicate the
presence of such a character by means of
the CTLASA or CTL360 options of the
ENVIRONMENT attribute, or by means of the
equivalent f~eld of the DCB subparameter in
the associated DD statement.
rhe SCALARVARYING option (described later
in this section) can be specified with
records of any format. This option cannot
be specified if the first data byte
contains a printer or a machine control
character, as this would lead to an
ambiguous interpretation of this byte.

storage more efficiently than data sets
with truncated blocks or embedded unfilled
tracks.

Variable-length

Re~ords

Each record can be a different length.
V-format: The records are unblocked; each
record constitutes a single block. Each
record consists of:
Four control bytes
Data bytes
The four control bytes contain the
record length (that is, the length of
the current record including the four
control bytes); this value is inserted
automatically and requires no action by
the programmer.
In addition, four extra
control bytes are placed at the
beginning of the block. These bytes
contain the block size including all
control bytes; the value is inserted in
the same way in the record length.

Fixed-length Records
VB-format: The records are blocked.
record consists of:
All records in the data set are the same
length ..

Four control bytes

F-format: The records are unblocked; each
:record constitutes a single block

Data bytes

FB-format: The records are blocked. Some
of the blocks may be short blocks, that
is, they may be shorter than the
specified block size.
FS-format: The records are unblocked; each
record constitutes a single block. For
direct-access storage, every track
except the last one is filled to
capacity.
FBS-format: The records are blocked. Only
the last block can be a short block.
A consecutive data set is said to contain
FBS-format records if:

Each

The four control bytes have the same
purpose as in V-format records. The I
block has four extra control bytes for
the block size, in the same way as for
V-format records.
VS-format:
Each record constitutes at
least one block. On CONSECUTIVE data
sets, record length can be greater than
block size; if it is, the record can
• span' several blocks. A spanned record
is divided into segments, and each
segment occupies a block. Therefore a
block consists of:
Four block control bytes
Four record or segment control bytes

1.

All records in the data set are FBformat

2.

For direct-access storage, every track
except the last one is filled to
capacity.

3.

No blocks except the last one are
truncated.

Data sets with standard format (FS or FBS)
records can be read from direct-access
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Data Bytes
The block control bytes contain the
length of the block; the record (or
segment) control bytes contain the
length of the record (or segment).
These values are inserted automatically
and require no action by the programmer.
VS-format records can be specified for
data sets with CONSECUTIVE or

REGIONAL (3) organization only. The VS
record format option must be specified
as an option of ENVIRONMENT., not in the
DCB subparameter of the DD card.

1.

The length required for data. For
variable-length and undefined-length
records, this is the maximum length.

CONSECUTIVE: Record· length can be equal
to or greater than block size;
each block contains one record or
record segment.

2.

Any control bytes required.
length records require four,
record length: fixed-length
undefined-length records do
require any.

REGIONAL(3): Record length cannot be
greater than block size. A record
can only be segmented across track
boundaries, when a complete record
will not fit into the space
.
remaining on the current track.
Each such segment constitutes a
block.
VBS-format:
Each record constitutes part
of a block, a block or several blocks.
Each block consists of:
Four block control bytes
One of the following:

For a transient file, i t is the sum of:
1.

The four V-format control bytes.

2.

One·flag byte.

3.

Eight bytes for the key.

4.

The maximum length required for the
data.

The record length can be specified as a
decimal integer constant or as a variable
with the attributes FIXED BINARY (31,0)
STATIC.

One or more complete records
One or more complete records, and
either one or two record segments.
Two record segments
A single record segment

The val ue is subject to the follCMing
conventions:

Each complete record or each record
segment consists of:

Maximum: Fixed-length, and undefined
(except ASCII data sets):
32,760 bytes

Four record or segment control bytes
Data bytes

V-format, and vs- and
VBS-forroat with UPDATE files:
32,756 bytes

The control bytes have the same purpose
as in VB-format records.
VBS-format
records can be specified for data sets
with CONSECUTIVE organization only.
D- and DB-format:

Variablefor the
and
not

VS-and VBS-format with INPUT
and OUTPUT files:
no limit

see "ASCII Data Sets n

Segmentation and reassembly of records,
like blocking and deblocking, take place
automatically, and require no action by the
programmer.

ASCII data sets:

9999

For VS- and VBS-format records longer than
32,756 bytes, the length must be specified
in the RECSIZE option of ENVIRONMENT, and
the DCB subparameter of the DD card must
specify LRECL=X.

Undefined-length Records
Zero value: A search for a valid value is
made in (in the following order):
All proc€!ssing is the responsibility of the
programmer; if a length specification is
required in the record, the programmer must
provide i.t, and must interpret it.

DD statement for the data
set associated with
the file
Data set label

RECSIZE Option
The RECSIZE Optio~ specifies the record
length. For files other than transient
ones, this is the sum of:

If neither of these can provide a value,
default action is taken (see "Record Format
Defaults"., later in this section).
Negative value: The UNDEFINEDFILE
condition is raised
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BLKSIZE Option

made in (in the following order):
DD statement for the data set
associated with the file

The BLKSIZE option specifies the maximum
block size on the data set.
The length of
a block is the sum of:
1.

Data set label

The total length(s) of one of the
following:

If neither of these can provide a
value, default action is taken
(see "Record Format Defaults")

A single record
A single record and either one or two
rE~cord segments
Several records
SE~veral records and either one or two
record segments
~lO

, The relationship of the block size to the
record length depends on the record format:
FB-format or FBS format: The block size
must be a multiple of the record
length

record segments

A single record segment

VB-format: The block size must be equal to
or greater than the sum of:

For variable length records, the
length of each record or record
sE~gment includes the four control
bytes for the record or segment

The maximum length of any
record

lE~ngth.

Four control bytes

The above list summari zes all the
possible combinations of records and
record segments options: fixed- or
variable-length blocked or unblocked,
spanned or non-spanned.
When
specifying a block size for spanned
records, the programmer must be aware
tilat each record and each record
segment will require four control
bytes for the record length, and that
these quantitites are in addition to
the four control bytes required for
each block.
2.

Negative value: The UNDEFlNEDFILE
condition is raised

Any further control bytes required.
Variable-Iehgth blocked records
require four, for the block size;
fixed-length and undefined-length
records do not require any.

VS-format or VBS-format: The block size
can be less than, equal to, or
greater than the record length.
DB-format: The blocksize must be equal to
or greater than the sum of:
The maximum length of any record
The length of the block prefix (if
block is prefixed)

1.

The BLKSIZE option can be used with
unblocked (F-, V-, or D-format)
records, as follows:
a.

The BLKSIZE option, but not the
RECSIZE option, is specified. The
record length is set equal to the'
block size, (minus any control or
prefix bytes) and the record
format is unchanged.

b.

Both the BLKSIZE and the RECSIZE
options are specified, and the
relationship of the two values is
compatible with blocking for the
record format used. The records
are assumed to be blocked and the
record format is set to FB VB, or
DB whichever is appropriate.

Any block prefix bytes required (ASCII
data sets only).
The value can be specified as a decimal
integer constant, or as a variable with the
attributes FIXED BINARY (31,0) STATIC.
The value is subject to the following
convent:ions:
Maximum: 32,760 bytes (or 9999 for an ASCII
data set for which BUFOFF without
a prefix-length value has been
specified)
Zero value:
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2.

If, for FB-format or FBS-format
records, the block size equals the
record length, the records are assumed
to be unblocked and the record format

is set to F.
3.

For files associated with VSAM data
sets (described later in this
chapter), the only record format
option that applies is RECSIZE (which
must match the act~al record size of
the data set). The others (that is,
the BLKSIZE option and the various
letter combinations indicating the
blocking types) are ignored if
specified.

Record Format Defaults
If any of the record format options is not
specified, the following action is taken.
Record format:
The UNDEFINEDFILE condition
is raised, except for files
associated with dummy data sets or
the foreground terminal, in which
case U-format is assumed.
Block size or record length:
If one of
these is specified, a search is
made for the other in the
associated DO statement or data
set label. If the search provides
a value, the UNDEFINEDFILE
condition is -raised if this value
is incompatible with the value in
the specified option.
If the
search is unsuccessful, a value is
derived from the specified option
(with the addition or subtraction
of any control or prefix bytes).
If neither is specified, the
UNDEFINEDFILE condition is raised,
except for files associated with
dummy data sets, in which case a
block size -of 121 is assumed for
F-format or U-format records and
129 for V-format records. For
files associated with the
foreground terminal a record size
of 120 is assumed.
Note: The optimizing and checkout
compilers will also accept the form of
record format specification used for the
PL/I(F) compiler.
In this form, the record
length and block size are included in the
format specification.

BUFFER AL,LOCATION
A buffer is an internal storage area that
is used for the intermediate storage of
data transmitted to and from a data set.
The'use of buffers can speed up processing
of SEQUENTIAL files.
Buffers are essential

for the automatic blocking and deblocking
of records and for locate-mode
tr ansmi ssion.

BUFFERS option
The option BUFFERSCn) in the ENVIRONMENT
attribute specifies, for CONSECUTIVE and
INDEXED data sets, the number Cn) of
buffers to be allocated for a data set;
this number must not exceed 255 (or such
other maximum as was established at system
generation).
If the number of buffers is
not specified for a BUFFERED file or is
specified as zero, two buffers are assumed
for the optimizing compiler, and one buffer
is assumed for the checkout compiler. A
REGIONAL data set is always allocated two
buffers.
In teleprocessing, the BUFFERS option
specifies the number of buffers available
for a particular message queue, that is,
for a particular TRANSIENT file. The
buffer size is specified in the message
control program for the installation. The
number of buffers specified should, if
possible, be sufficient to provide for the
longest message to be transmitted.
Note: The BUFFERS option is inadequate for
files associated with VSAM data sets, since
the numbers of index and data buffers are
specified separately. Instead, the BUFND
and BUFNI subparameters of the AMP
parameter of the DD statement can be used,
and the BUFFERS option is ignored. The
default is two data buffers and, if the
data set is key-sequenced, one index
buffer.

DATA SET ORGANIZATION
The organization of a data set determines
how data is recorded in a data set volume,
and how the data is subsequently retrieved
so that it can be transmitted to the
program. Records are stored in and
retrieved from a data set either
sequentially on the basis of successive
physical or logical positions. or directly
by the use of keys specified in data
transmission statements. These storage and
retrieval methods provide PL/I with five
general data set organizations:
CONSECUTIVE, INDEXED, REGIONAL, TP, and
VSAM. If the data set organization is not
specified, a default is obtained thus:
1.

If th~ merged attribute from the
DECLARE and OPEN statements do not
include TRANSIENT: the default is
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CONSECUTIVE.
2.

If the attributes include TRANSIENT:
the default is TP(M).

Note: The keyword VSAM may be specified as
an alternative to CONSECUTIVE and INDEXED,
to indicate that the file is associated
with a VSAM data set (described later in
this chapter). VSAM data sets have either
key-seguenced or entry-sequenced
organization. These organizations
generally correspond respectively to the
PL/I INDEXED and CONSECUTIVE organizations,
and i t is generally possible to access VSAM
data sets by using files with these
organizations declared in the ENVIRONMENT
attribute.

storage space than a CONSECUTIVE data set,
and that all volumes of a mUlti-volume data
set must be mounted even for sequential
processing.
Direct access of REGIONAL data sets is
quicker than that of INDEXED data sets, but
they have the disadvantage that sequential
processing may present records in random
sequence; the order of sequential retrieval
is not necessarily that in which the
records were presented, nor need it be
related to the relative key values.
Blocked records are not permitted in a
REGIONAL data set.

PASSWORD OPrION
CONSECUTIVE, INDEXED, and REGIONAL Data
Sets
In a data set with CONSECUTIVE
organization, records are organized solely
on the basis of their successive physical
positions; records are retrieved only in
sequen"tial order, and keys are not used.
The records of an INDEXED data set are
arrangE~d in logical sequence according to
keys associated with each record; the
records are arranged in ascending key
sequence, and indexes are maintained in the
data sets and are used for retrieval of
records. A data set .with REGIONAL
organization is divided into regions, each
of which is identified by a region number
and contains one or more records; for
retrieval, the key supplied gives the
region number or track at which the search
for the record is to commence.
CONSECUTIVE data sets are the simplest
of the three types to create and use, and
they have the advantage that less external
storage is required. However, records in a
CONSECUTIVE data set can be updated only in
their existing sequence~ and if records are
to be inserted a new data set must be
created. Updating is not supported for
magnetic tape.
Although an INDEXED data set must be
created sequentially, once it exists
records can be retrieved, updated, added,
or deleted at random.
Sequential
processing of an INDEXED data set is slower
than that of a corresponding CONSECUTIVE
data set, because the records it contains
are not: necessarily retrieved in physical
sequence; furthermore, random access is
less efficient for an INDEXED data set than
for a HEGIONAL data set, because the
indexes must be searched to locate a
record. Other disadvantages of an INDEXED
data set are that it requires more external
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The PASSWORD option is applicable only to
files associated with VSAM data sets. When
a VSAM data set is defined to the system
(using the DEFINE command of Access Method
Services), READ and UPDATE passwords can be
associated with it. Thenceforward, the
appropriate password must be included in
the declaration of any PL/I file used to
access the data set. The format of the
option is:
PASSWORD (password-specification)
where the password specification is a
character-string constant or characterstring variable.
If the specification is a
constant, it must not contain a repetition
factor; if it is a variable, it must be
level-l, element, static, and
unsubscripted. The character string is
padded or truncated to eight characters and
passed to VSAM for inspection. The system
operator is given a number of chances to
specify the correct password. The numbe:r
of chances to be allowed is specified when
the data set is defined. After this number
of unsuccessful tries, the UNDEFINEDFILE
condition is raised.
Optimization of Input/Output Operations
In general, I/O operations are performed by
library subroutines called from compiled
code. Under certain conditions, however,
the optimizing compiler can provide in-line
code to carry out these operations, thus
saving the overheads of library calls.
This gives considerahly faster execution of
the I/O statements.
For an I/O statement to be executed inline., the data set being accessed or
created must be CONSECUTIVE, and the file
used must be a non-parameter file constant
with the attributes SEQUENTIAL, BUFFERED,

land either INPUT or OUTPUT.
Record
Ivariables in the data set must not be
Isubscripted structures. The ENVIRONMENT
attribute must specify the following
options: TOTAL and either F, FB, FS, FBS,
D, DB, V, VB, or U record format.
If
varying-length strings are to be
transmi tt.ed, and the file is not an output
file with V or VB record format, the
SCALARVARYING option is also needed.
The
file declaration would therefore be as
follows:
DCL F FILE RECORD SEQUENTIAL BUFFERED
!NPUTIOUTPUT ENV(CONSECUTIVE
E' I FB I FS I FBS , D I DB I V I VB I U
'I'OTAL [SCALARVARYI NG]
[RECSIZE(n)] [BLKSIZE(n)]) ;
The standard default attributes and option
are underlined. At least one of the
underlined attributes must be specified,
otherwise the file would be given the
attribute STREAM by default.
If the file
is to be printed, one or other of the
pri nter-punch control options CTLASA and
CTL360 must also be specified in the
ENVIRONMENT attribute; this information
cannot be supplied via the DD statement
when the record format is specified in the
ENVIRONMENT attribute.
Note: ThE! TOTAL option cannot be specified
for files associated with VSAM data sets or
for device-associated files (described
later in this chapter), or for files
reading Optical Mark Read data.
The st;atement READ SET will always be
implement:ed by in-line code if it specifies
a file declared or indicated as above,
except when a file with the attribute
BACKWARDS is used to transmit U-format
records. The other record I/O statements,
namely R~~D INTO, WRITE FROM, and LOCATE,
generate in-line code provided:
1.

Teleprocessing Data Sets
A teleprocessing data set comprises a queue
of messages that constitute the input to a
PL/I message processing program. The
messages are retrieved sequentially; keys
are used to identify the terminal
associated with the message.
The TP(M) option specifies that the file
is a teleprocessing file and can only be
associated with a teleprocessing data set.
Each I/O operation in the PL/I program
causes a complete message to be transmitted
to or from the data set. The message can
consist of one logical record, or several
logical records, on the data set.
The TP(R) option is the same except that
each I/O operation applies to one logical
record only in the data set. This record
can be a message or part of a complete
message.
A teleprocessing file can be declared
with the following attributes only:
FILE
RECORD
INPUT or OUTPUT
BUFFERED or UNBUFFERED
TRANSIENT
KEYED
ENVIRONMENT
For teleprocessing applications, the
only environment options that can be
specified are:
TP ({MI R})
RECSIZE(record-length)
BUFFERS(n)

the record variable declaration does
not include an expression as a string
length, an array bound, or an area
siz E~;

Record format must not be specified for
teleprocessing programs.

and
2.

improved by specifying the INDEXAREA,
NOWRITE, and ADDBUFF options. Details are
given under "Data Management Optimization"
later in this chapter.

the ENVIRONMENT attribute specifies
record size for F-, FB-, FS-" FBS-., or
V-format records, or the block size
for U-format records.

I/O st:atements compiled by the checkout
compiler always generate a library call.
When in-line code is employed to
implement an I/O statement, the compiler
gives an informatory message.
The speed of I/O operations when
accessinq an INDEXED data set can be

MAGNETIC TAPE HANDLING OPTIONS
LEAVE and REREAD OE!ions
The volume disposition options allow the
programmer to specify the action to be
taken when the end of a magnetic tape
volume is reached, or when a data set on a
magnetic tape volume is closed. The LEAVE
option prevents the tape from being
rewound. The REREAD option rewinds the
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r------~--------------------------------------------------------------------------------,

ENVIRONMENT
Option

DISP
Parameter

1

1

Action

1

1

1

1

---------------------------------------------------------------------------------------1
REREAD
I
1
Positions the current volume to reprocess the
1

1

1

1

data set. Repositioning for a BACKWARDS file
is at the physical end of the data set.

-------------~------------------------~----------------------~-------------------------

LEAVE

1

I
I

Positions the current volume at the logical
end of the data set. Repositioning for a
BACKWARDS file is at the physical beginning
of the data set.

1
1

Positions the volume at the end of the data
set

I

PASS

Neither
REREAD nor
LEAVE

1
1

DELETE

1

KEEP, CATLG,

1

1

Rewinds the current volume
Rewinds and unloads the current volume

l - - - ____________________________________________________________________________________
J
I
UNCATLG
I

Figure 12.3.

Effect of LEAVE and REREAD options

r-------~-------------------------------------------------------------------------------,

CTL,ASA code

1

CTL360 code bytes

1

-----------------------------------------------------------------1
act.ion before
1
action after
1
action without
I
printing
+

b

o
1
2
3
4
5
6
7
8
9
A
B
C

1

printing

printing

1

00000001
00001001
00010001
00011001
10001001
10010001
10011001
10100001
10101001
10110001
10111001
11000001
11001001
11010001
11011001
11100001

Action

1

1Print only (no space)

00001011
00010011
00011011
10001011
10010011
10011011
10100011
10101011
10110011
10111011
11000011
11001011
11010011
11011011
11100011

ISpace 1
ISpace 2
ISpace 3
I Skip to
Iskip to
ISkip to
ISkip to
ISkip to
ISkip to
ISkip to
ISkip to
1Skip to
ISkip to
I Skip to
ISkip to

line
lines
lines
channell
channel 2
channel 3
channel 4
channel 5
channel 6
channel 7
channel 8
channel 9
channel 10
channel 11
channel 12

l-----------------------------------------------------__________________________________
Figure 12.4.

CTLASA and CTL360 print control codes for the IBM 1403 Printer

tape to permit reprocessing of the data
set. If neither of these is specified, the
action at end of volume or on closing of a
data set is controlled by the DISP
parameter of the associated DO statement.
The effects of the options are summarized
in figure 12. 3.

PRINTER/PUNCH CONTROL (CTL360/CTLASA)
·The printer/punch control options CTLASA
and CTL360 apply only to OUTPUT files

168

OS PL/I CKT AND OPT LRM PART I

associated with CONSECUTIVE data sets.
They specify that the first character of a
record is to be interpreted as a control
character.
1.

The CTLASA option specifies ANSI
standard control characters.

2.

The CTL360 option specifies IBM
machine code control characters.

The codes that can be used with these
options are listed with their actions in
figures 12.4 and 12.5~

J

DATA INTERCHANGE (COBOL)
rhe COBOL option facilitates the
interchange of data between programs
written in PL/I and programs written in
COBOL. It specifies that structures in the
data set associated with the file will be
mapped as they would be in American
National Standard COBOL. The COBOL
structures can be SYNCHRONIZED or
unsynchronized; it is the programmer's
responsibility to ensure that the
associated PL/I structure has the
equivalent alignment stringency, that is,
it must be ALIGNED or UNALIGNED,
respectively.
The restrictions noted below apply to
the handling of a file with the COBOL
option. The PL/I equivalents of COBOL data
types are given in chapter 19,
"Interlanguage Communication Facilities".

r-----------------------------------------,
Action
1
1
1-----------------------------------------1
,
V
I 00000001 ISelect stacker 1 I
ICTLASA codelCTL360 code I
I
I bytes
I
I

W

1

I

,

01000001 ISelect stacker 2 ,
10000001 ,select stacker 3 1

L-----------------------------------------J

Figure 12.5.

CTLASA and CTL360 control
codes for the IBM 2540 Card
Read Punch

b

1
2
3
4
5
6
7
8
9
A
B
C

Space 1
Space 2
Space 3
Skip to
Skip to
Skip to
Skip to
Skip to
Skip to
Skip to
Skip to
Skip to
Skip to
Skip to
Skip to

line and print
lines and pr int
lines and print
channel 1 and print
channel 2 and print
channel 3 and print
channel 4 and print
channel 5 and print
channel 6 and print
channel 7 and print
channel 8 and print
channel 9 and print
channel 10 and print
channel 11 and print
channel 12 and print

Note: Use of the t+, control character
would result in abnormal termination of
the program.

bytes
00001101
00010101
00011101
00100101
00101101
00110101
00111101
01000101
01001101
01010101
01011101
01100101
01101101
01110101
01111101
10000101
10001101
10010101
10011101
10100101
10101101
10110101
10111101
11000101
11001101

,

I

Print
Print
Print
Print
Print
Print
Print
Print
Print
Print
Print
Print
Print
Print
Print
Print
print
Print
Print
Print
Print
Print
print
Print
Print

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Figure 12.7.

J

CTL360 print control
codes for the IBM 3525
Card Punch

If an ON-condition is raised during the
execution of a READ statement, the variable
named in the INTO option cannot be used in
the on-unit. If the completed INTO
variable is required, there must be a
normal return from the on-unit.

L------___________________________________
Figure 12.6.

r-----------------------------------------,
CTL360 code ,
Action

L--------------------_-----------_________

r-----------------------------------------,
CTLASA code,
Action
0

FROM statements. The file name cannot be
passed as an argument or assigned to a file
variable. The variable to be transmitted
must not be subscri pted.

J

CTLASA print control
codes for the IBM 3525
Card Punch

A file with the COBOL option can be used
only for READ INTO, WRITE FROM, and REWRITE

The EVENT option can be used only if the
compiler can determine that the PL/I and
COBOL structure mappings are identical
(i.e., all elementary i terns have identical
boundaries). If the mappings are not
identical, or if the compiler cannot tell
whether they are identical, an intermediate
variable is created to represent the level
1 item as mapped by the COBOL algorithm.
The PL/I variable is assigned to the
intermediate variable before a WRITE
statement is executed, or assigned from it
after a READ statement has been executed.
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IN-LINE CODE OPTIMIZATION (TOTAL)
The purpose of this option is to aid the
optimizing compiler in the production of
effici,ent compiled code.
In particular, it
allows the compiler to use in-line code for
certain I/O operations (see "Optimization
of Input/Output Operations" earlier in this
chapte:r). It specifies that no attributes
will be merged from the OPEN statement or
the I/O statement. In other words, the
comple·te set of attributes is to be built
up at compile time from explicitly declared
and default attributes.
The UNDEFINEDFILE condition is raised if
any at·tribute that was not explicitly
declared appears on the OPEN statement, or
if the I/O statement implies a file
attribute that conflicts with a declared or
default attribute.
The checkout compiler accepts and checks
the TOTAL option but does not perform any
optimization.
Note: 'rhe TOTAL option cannot be specified
for files associated with VSAM data sets or
for device-associated files (described
later in this chapter), or files reading
Optical Mark Read data.

DATA M,~NAGEMENT OPTIMIZATION
( INDEX,~EA/NOWRITE/ADDBUFF)
The da·ta management optimization options in
the ENVIRONMENT attribute increase program
efficiency, in certain circumstances, when
DIRECT files are used to access INDEXED
data sets.
The INDEXAREA option improves the
input/output speed of a DIRECT INPUT or
DIRECT UPDATE file with INDEXED data set
organization, by having the highest level
of index placed in main storage. The
"index area size" enables the programmer to
limit the amount of main storage he is
prepared to allow for an index area. The
size, when specified, must be a decimal
integer constant or a variable with
attributes FIXED BINARY (31,O) STATIC whose
value lies within the range zero through
32,767,.
If the "index area size" is not
specified, the highest level index is moved
unconditionally into main storage.
If an
index a.rea size is speci fied, the highest
level index is held in main storage,
provided that its size does not exceed that
specified. If the specified size is less
than zero or greater than 32,767, the
compiler issues a warning message and
ignores the option.
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The NOWRITE option is used for DIRECT
UPDATE files.
It informs the compiler that
no records are to be added to the data set
and that data management modules concerned
solely with adding records are not
required: it thus allows the size of the
object program to be reduced.
The ADDBUFF option can be specified for
a DIRECT INPUT or DIRECT UPDATE file with
INDEXED data set organization and F-format
records to indicate That an area of
internal storage is to be used as a
workspace in which records on the data set
can be rearranged when new records are
added. The size of the workspace is
assumed to be equivalent to one track of
the direct device used. The option need
not be specified for DIRECT INDEXED files
with V-format records, as the workspace is
automatically allocated for such files.

KEY CLASSIFICATION (GENKEY)
The GENKEY (generic key) option applies
only to INDEXED and VSAM key-sequenced data
sets. It enables the prograrrmer to
classify keys recorded in a data set and to
use a SEQUENTIAL KEYED INPUT or SEQUENTIAL
KEYED UPDATE file to access records
according to their key classes.
A generic key is a character string that
identifies a class of keys: all keys that
begin with the string are members of that
class. For example, the recorded keys
'ABCD', 'ABCE', and • ABDF' are all members
of the classes identified by the generic
keys 'A' and 'AE', and the first two are
also members of the class 'ABC'; and the
three recorded keys can be considered to be
unique members of the classes 'ABCD",
'ABCE', and 'ABDF', respectively.
The GENKEY option allows the programmer
to start sequential reading or updating of
an INDEXED data set from the first nondummy record that has a key in a particular
class; the class is identified by the
inclusion of its generic key in the KEY
option of a READ statement. Subsequent
records can be read by R~D statements
without the KEY option. No indication is
given when the end of a key class is
reached.
Note that, although the first record
having a key in a particular class can' be
retrieved by READ KEY, the actual key
cannot be obtained unless the records have
embedded keys, since the KEYTO option
cannot be used in the same statement as the
KEY option.
In the following example, a key length

of more than three bytes is assumed.

NUMBER OF CHANNEL PROGRAMS (NCP)

DeL IND FILE RECORD SEQUENTIAL KEYED
UPDATE ENV (INDEXED GENKEY);

The NCP option specifies the number of
incomplete input/output operations with the
EVENT option that can be handled for the
file at anyone time.
For consecutive and
regional sequential files, it is an error
to allow more than the specified number of
events to be outstanding.

READ FILE(IND) INTO (INFIELD) KEY ('ABC');

NEXT:

For indexed files, any excess operations
are queued, and no exceptional condition is
raised.
However" speci fication of the
number of channel programs required may aid
optimization of I/O with an indexed file.
The NCP option has no effect with a
regional direct file.

RE.l\D FILE CIND) INTO (INFIELD);

GO TO NEXT;
The first READ statement causes the first
non-dummy record in the data set whose key
begins with 'ABC' to be read into INFIELD;
each time the second READ statement is
executed, the non-dummy record with the
next higher key will be retrieved.
Repeated execution of the second READ
statement could result in reading records
from higher key classes since no indication
is given when the end of a key class is
reached.
It is the responsibility of the
programmer to check each key if he does not
wish to read beyond the key class. Any
subsequent execution of the first READ
statement would reposition the file to the
first record of the key class 'ABC'.
If the data set contains no records with
keys in the specified class, or if all the
records with keys in the specified class
are dummy records, the KEY condition is
raised.
The data set is then positioned
either at the next record that has a higher
key or at the end of the file.
Note how the presence or absence of the
GENKEY option affects the execution of a
READ statement that supplies a source key
that is shorter than the key length
specified in the KEYLEN subparameter of the
DO statement that defines the data set.
GENKEY causes the key to be interpreted as
a generic key, and the data set is
positioned to the first non-dummy record in
the data set whose key begins with the
source key.
If the GENKEY option is not
specified, a short source key is padded on
the right. with blanks to the specified key
length, and the data set is positioned to
the record that has this padded key (if such
a record exists).
The use of the GENKEY option does not
affect the result of supplying a source key
whose length is greater than or equal to
the specified key length.
The source key,
truncated on the right if necessary,
identifies a specific record (whose key can
be considered to be the only member of its
class) •

For files declared ENVIRONMENT(VSAM),
the NCP option, if specified, must have a
value of one; otherwise the UNDEFINEDFILE
condition is raised. (See Figure 12.11.)
The decimal integer constant specified
with NCP must have a value in the range 1
through 99; otherwise, 1 is assumed.
This option is equivalent to the NCP
subparameter of the DCB parameter of the DO
statement.

TRACK OVERFLOW (TRKOFL)
Track- overflow is a feature of the
operating system which can be incorporated
at system generation time; it requires the
record overflow feature on the direct
access storage control unit. Track
overflow allows a record to overflow from
one track to another. It is useful in
achieving a greater data packing
efficiency, and allows the size of a record
to exceed the capacity of a track.
Note: Track overflow is not availatle for
REGIONAL (3) or INDEXED data sets.

VARYING-LENGTH STRING OPTION
( SCALARVARYING)
The SCALARVARYING option is used in the
input/output of varying-length strings.
The transmission of element varying-length
strings using locate mode is possible only
when this option is specified. This is
achieved by the inclusion or recognition of
a two-byte length prefix to an element
varying-length string when the string is
transmi tted.
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When storage is allocated for a varyinglength string, the compiler includes a twobyte prefix that specifies the current
length of the string.
For an element
varying-length string, this prefix is
included on output, or recognized on input,
only if SCALARVARYING is specified for the
file.
When locate mode statements (LOCATE and
READ SET) are used to create and read a
data set with element varying-length
strings, SCALARVARYING must be specified to
indicate that a length prefix is present,
since the pOinter that locates the buffer
will always be assumed to point to the
start of the length prefix.
Notes:
1.

When SCALARVARYING is specified and
element varying-length strings are
transmitted, the programmer must allow
two bytes in the record length to
include the length prefix.

2.

A data set created using SCALARVARYING
should be accessed only by a file that
also specifies SCALARVARYING.

3.

SCALARVARYING and CTLASA/CTL360 must
not be specified for the same file, as
this causes the first data byte to be
ambiguous.

4.

SCALARVARYING must not be used with
data sets created by the PL/I (F)
compiler; this compiler neither
creates nor recognizes a length
prefix.

KEY LENGTH OPTION (KEYLENGTH)
The KEYLENGTH option specifies the length
of the recorded key for KEYED files.
KEYLENGTH must be specified for INDEXED or
REGIONAL (3) files.

If KEYLOC is not specified, the value of
the RKP subparameter of the DCB parameter
of the DD staterrent is used.
If this
subparameter is not specified, then RKP=O
is assumed.
Note:
1.

The RKP value for a particular byte
always differs from the KEYLOC value.
See "Embedded Key", in "INDEXED
ORGANIZATION", later in this chapter.

2.

When KEYLOC is specified, the key is
always part of the variable. When RKP
is specified, the key is part of the
variable only when RKP~l

3.

If SCALARVARYING is specified, the
emabedded key must not immediately
precede or follow the first byte:
hence, KEYLOC must specify greater
than 2.

DCB Subparameters
Some of the information that can be
specified in the options of the ENVIRONMENT
attribute can also be specified in the
subparameters of the DCB parameter of a DD
statement. The table gives a list of
equivalents:
ENV Option

DCB Subparameter

Record format
RECSIZE
BLKSIZE
BUFFERS
CTLASA/CTL360
NCP
TRKOFL
KEYLENGTH
KEYLOC
ASCII
BUFOFF

RECFM
LRECL
BLKSIZE
BUFNO
RECFM
NCP
RECFM
KEYLEN
RKP
ASCII
BUFOFF

VSAM DATA SETS
KEY LOCATION OPTION (KEYLOC)
The KEYLOC option can be used with INDEXED
data sets, when the data set is created, to
specify the start position of an embedded
key in a record. The position given must
be within the limits:
1

~

n

~

recordsize - keylength +1

rhat is, the key cannot be larger than the
record, and must be contained completely
within the record.
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VSAM data sets are always on direct access
devices and have either key-sequenced or
entry-sequenced organization. These
organizations generally correspond
respectively to the PL/I INDEXED and
CONSECUTIVE organizations. Declarations of
files to be associated with VSAM data sets
are substantially the same as they would be
for the corresponding INDEXED or
CONSECUTIVE file except that
ENVIRONMENT (VSAM) is specified.
In most~
circumstances, however, a VSAM data set can
still be accessed by a PL/I file declared

ENVIRONME:NT(INDEXED) or
ENVIRONMENT (CONSECUTIVE). The PL/I
facilities can detect that a VSAM data set
is being accessed and invoke VSAM, except
when the data set is accessed under TSO and
the DD in.formation is supplied by the
ALLOCATE command. In th~s case the program
will be abnormally terminated when the file
is opened. The programmer's guide for the
compiler gives full details of VSAM data
set organizations, the facilities available
via JCL, and the methods of accessing VSAM
data sets through PL/I files.

sequenced VSAM data sets.
For entrysequenced VSAM data sets, see figure 12.13.

File Declaration and Opening

Advantage can be taken of the multiple
capabilities of the device by associating
two or three files together with the device
so that more than one of the operations
read, punch, and print can be performed on
the same card during one pass through the
device. Details of the use of the device,
t?geth~r with the IBM 3505 card reader, are
g~ven ~n the programmer's guide for the
compiler; however, certain restrictions
have to be considered at the time of
writing the program. These restrictions
are as follows:

Before a VSAM data set is used for the
first time, the data set structure (such as
the record and key length) is defined to
the system by the DEFINE command of Access
Method Services. Consequently, many of the
ENVIRONMENT options affecting data set
structures will be ignored, except where
they conflict with defined values; the
UNDEFINEDFlLE condition will then be
raised.
Figure 12.S summarizes the effect of all
ENVIRONMENT options applicable to directaccess data sets when used for VSAM data
sets.
Two at:tribute combinations that are not
allowed for INDEXED organization are
allCMed for files associated with keysequenced VSAM data sets.
These are
BUFFERED with DIRECT, to allow locate mode
input with direct access, and UNBUFFERED
with SEQUENTIAL, to allow the EVENT option
with sequential access (only one operation
can be outstanding at any time).

DEVICE-ASSOCIATED FILES (IBM 3525 CARD
PUNCH)
The IBM 3525 device is an SO-column card
punch, available to IBM System/370 users,
that can also read cards and print on them.
The CTLASA and CTL360 control characters
for the device are given in figures 12.13
and 12.14 respectively.

1.

Device-associated files must have the
RECORD attribute and must be either
all BUFFERED or all UNBUFFERED.

2.

The records must be F-format. The
maximum record size is SO for read and
punch files and 64 for print files,
plus one byte for punch/print control
characters.

3•

ENVI RONMENI' (TOT AL) cannot be us ed.

4.

When a read or punch associated file
is opened, the value of the BUFFERS
option (for BUFFERED files) or of NCP
(for UNBUFFERED files) will be set to
one.

5.

Device-associated files may be opened
in any order, but all of the files
must be open before any transmission
takes place to or from anyone of
them.

6.

Depending on the files associated, the
appropriate input/output operations on
each card must strictly follCM the
order read-punch-print.
If the
sequence rules are not followed, the
ERROR condition is raised. Only the
print operation can be omitted or
repeated.

7.

A print-associated file that uses
control characters for line
positioning must not attempt to feed a
card. such an attempt w::>uld occur if
an instruction to print beyond the

The EXCLUSIVE attribute is ignored;
sharing and locking of records is handled
by VSAM.
For files associated with entrysequenced data sets, the allowed attributes
are the same as those for CONSECUTIVE
organizat:ion.

Operations
All statE~ments valid for INDEXED and
CONSECUTIVE organizations are valid for the
corresponding VSAM data sets.
In addition,
some statements that are not valid for
INDEXED are valid for key-sequenced data
sets.
Figure 12.11.1 summarizes the statements
and options permitted for use with key-
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r------------------------- -------------------------------------------------------------,
Key-sequenced (INDEXED)
I Entry-sequenced (CONSECUTIVE)
RECSIZE
BLKSIZE
TOTAL
COBOL
INDEXAREA
NOWRITE
ADDBUFF
GENKEY
NCP
TRKOFL
SCALARVARYING
KEYLENGTH
KEYLOC
BUFFERS
Reco:rd Format
PASSWORD

checked on opening
ignored
ignored
as for INDEXED
ignored
ignored
ignored
as for INDEXED
restricted 2
not applicable
as f or INDEXED
checked on opening
checked on opening3
ignored'+
ignored
checked by VSAM

checked on opening
ignored
ignored 1
as for CONSECUTIVE
not appli cabl e
not applicable
not applicable
not appli cable
restricted 2
ignored
as for CONSECUTIVE
not applicable
not applicable
ignored'+
ignored
checked by VSAM

1The TOTAL option is not allowed for VSAM data sets. If the declared organization is
CONSECUTIVE, and the PL/I facilities detect on opening that the data set is a
VSAM data set, the UNDEFINEDFILE condition is raised.
2If a value greater than one is specified for NCP and the file is declared ENVIRONMENT
(VSAM), the UNDEFINEDFILE condition is raised: if the file is not declared ENVIRONMENT
eVSAM), the compatibility interface is invoked for key-sequenced data sets, and the
UNDEFINEDFlLE condition is raised for entry-sequenced data sets.
3AII key-sequenced VSAM data sets have embedded keys.
If the program uses a VSAM
data set that has been converted from an INDEXED da ta set, and the origina I program
was designed for separate keys, ENVIRONMENT (VSAM) should not be specified. In these
ciurcumstances, the ISAM compatibility interface should be used.
Use of the
compatibility interface can be forced by specifying a record format in the AMP
parameter of the DO statement.
'+For VSAM, the numbers of index and data buffers are specified separately, so that the
BUFFERS option is inadequate. The BUFND and BUFNI subparameters of the AMP parameter
of the DD statement are used instead. The system default is two data buffers and,
for key-sequenced data sets, one index buffer.

L-------------------------------------------------------~-------------------------------J
Figure 12.8.

Effect of ENVIRONMENT options when used for VSAM data sets

maximum line number (2 or 25) for the
card were issued, or if a control
character that implied a new record
were used.
For example, the control
character '1' specifies printing on
the first line of the next card.
8.
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Device-associated files can normally
be closed in any order, but no
transmission can take place after any
one of the files has been closed. As
a result, care is needed if the LOCATE
statement is used for BUFFERED OUTPUT
files.
The output from a LOCATE
statement does not actually take place
until the next LOCATE, WRITE, or CLOSE
s·tatement for the file.
If the LOCATE
s·tatement is used on both print and
punch associated files, a multiple
C:LOSE statement must be used,
specifying the punch file before the
print file.
For example:
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LOCATE A FILE(PUNCHOUT):
LOCATE B FILE(PRINTOUT)i
CLOSE FILE (PUNCHOUT) , FILE (PRINTOUT) i
9.

10.

The ANS print control character '+'
(or SKIP(O» is not allowed with the
IBM 3525.
Files associated with column binary or
Optical Mark Read data sets must be
RECORD files.

ASCII DATA SETS
Data sets on magnetic tape using ASCII- may
be created and accessed in PL/I. The
implementation supports F, FBg U, D, and DB
record formats. F, FB, and U formats are
treated in the same way as with other data
sets: D and DB formats, which correspond to

V and VB formats with other data sets, are
described below.
In addition to the record format, two
other ENVIRONMENT options may be specified:
ASCII, and the buffer offset option BUFOFF.
Only character data may be written onto
an ASCII data set: when the data set is
created, transmissi.on must be from a
character string variable. This variable
may have the attribute VARYING as well as
~HARACTER~ but the two length bytes of a
varying-length character string can not be
transmi ttE~d; in other words, varying-length
character strings can not be transmitted to
an ASCII data set using a SCALARVARYING
file. Also, data aggregates containing
varying-length strings may not be
transmi ttE~d.
Since an ASCII data set must be on
magnetic tape, it must be of CONSECUTIVE
organization.
The associated file must be
BUFFERED.

with the attributes FIXED BlNARY(31,O)
STATIC. Its minimum value is zero and its
maximum is 99. The absence of a prefix
length specification indicates that the
block prefix is to be used as a block
length field; it implies that the field is
four bytes long. The length of the block
is inserted in the prefix by data
management.
On input, any ASCII data set may be
accessed if it has a block prefix field of
length one to 99 bytes, or no block prefix
field at all; and it may be accessed
whether or not the block prefix field is
used as a block length field. On output, a
data set using anyone of the valid record
formats may be created without a block
prefix, but the only situation in which the
creation of a block prefix is supported by
PL/I is when it is used as a block length
field. The only permissible buffer offset
specification on output is therefore
BUFOFF, with no prefix length
specification.
The BUFOFF option may be used with ASCII
data sets only.

ASCII Option
This option specifies that the code used to
represent data on the data set is ASCII.

D-format and DB-format Records
Each record nay be of a different length.
The two formats are:

BUFOFF Opt.ion and Block: Prefix Fields
D-format:
At the beqinning of each block in an AS<:;II
data set, there may be a field known as the
block prefix field.
It may be from one to
99 bytes long. The buffer offset option
indicates the length of this field to data
management, so that the accessing or
creation of data is started at this offset
from the beginning of each phys ical block.
PL/I does not support access to this field,
and in general it does not contain
information which is used in these
implementations. There is one situation in
which data management does use information
in the block prefix: wi th variable length
records (that is, 0- or DB-format records),
the block prefix field may be used to
record the length of the block.
In this
case, i t :is four bytes long and contains a
right-aligned, decimal character value that
gives the length of the block in bytes,
including the block prefix field itself.
It is then exactly equi valent to a block
length field.
The format of the buffer offset option
is BUFOFF[(n)]. A numerical value equal to
the length of the prefix may be specified
for "n". It nay be specified as either a
decimal integer constant or as a variable

The records are unblocked; each
record constitutes a single
block. Each record consists of:
Four control bytes
Data bytes
The four control bytes contain
the length of the record; this
value is inserted by data
management and requires no
action from the programmer.
In addition, there may be, at
the start of the block, a block
prefix field, which may contain
the length of the block.

DB-format: The records are blocked. All
other information given for
D-format applies to DB-format.

Def aul t

Rul es

In addition to the rules given under
"Record Format Defaults", the following
rule appli es:
If ASCII is not specified in either the
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ENVIRONMENT option or the DD statement, but
one of BUFOFF, D, or DB is specified, then
ASCII is assumed.

SEQUENTIAL UPDATE
When a CONSECUTIVE data set is accessed by
a SEQUENTIAL UPDATE file, a record must be
retrieved with a READ statement before it
can be updated by a REWRITE statement;
however, every record that is retrieved
need not be rewritten. A REWRITE statement
will always update the last record read.

Consecutive Organization
Consider the following:
In a data set with CONSECUTIVE
organization, the records have no keys.
when t.he data set is created, records are
written consecutively in the order in which
they are presented. The records can be
retrieved only in the order in which they
were written or in the reverse order when
using the BACKWARDS attribute; therefore
the associated file must have the
SEQUENTIAL attribute. A CONSECUTIVE data
set can have F-format, FB-format, FBSformat, V-format, VB-format, VS-format,
VBS-format, D-format, DB-format" or Uformat~ records.
The BACKWARDS attribute
cannot be specified when a data set has V-,
VB-, VS-, VBS-, D-, or DB-format records.
Not~e the difference between the
CONSECUTIVE option of the ENVIRONMENT
attribute and the SEQUENTIAL attribute.
CONSECUTIVE specifies the phys ical
organization of a data set; SEQUENTIAL
specifies how a file is to be processed.
A
data set with CONSECUTIVE organization must
be associated with a SEQUENTIAL file; but a
data set with INDEXED or REGIONAL
organi.zation can be associated with either
a SEQUENTIAL or DIRECT file.

A CONSECUTIVE data set on magnetic tape
can be read forwards or backwards. If the
data set is to be read backwards, the
associated file must have the BACKWARDS
attribute. If a data set is first read or
written forwards and then read backwards in
the same program, the LEAVE optio"n should
be specified in the ENVIRONMENT attribute
to prevent normal rewind when the file is
closed (or, with a mUlti-volume data set,
when volume-switching occurs).
Variablelength record data sets cannot be read
backwards.
Once a CONSECUTIVE data set has been
created, the file that accesses it can be
opened for SEQUENTIAL INPUT, OUTPUT or, for
direct access data sets, UPDATE.
If i t is
opened for OUTPUT, DISP=MOD must be
specified in the DD statement; records can
then be added to the end of the data set.
<If DISP=MOD is not specified, the data set
will be overwritten.) Figure 12.13 lists
the data transmission statements and
options that can be used to create and
access a CONSECUTIVE data set.
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READ FILE(F) INTO(A);

READ FILE(F) INTO(B);

REWRITE FILE(F) FROM (A) ;
The REWRITE statement updates the record
which was read by the second READ
statement. The record that was read by the
first statement cannot be rewritten after
the second READ st.atement has been
executed.

Indexed Organization
A data set with INDEXED organization must
be on a direct-access device.
Its records,
which can be either F-format or V-format
records, blocked or unblocked. are arranged
in logical sequence according to keys that
are associated with each record. A key is
a character string that can identify each
record uniquely. Logical records are
arranged in the data set in ascending key
sequence according to the System/360 and
System/370 collating sequence.
Indexes
associated with the data set are used by
the operating syst.em data-management
routines to locate a record when the key is
supplied.
Unlike CONSECUTIVE organi zation, INDEXED
organization does not require every record
to be accessed in sequential fashion. An
INDEXED data set must be created
sequentially; but, once it has been
created, the associated file may have the
attribute SEQUENTIAL or DIRECT as well as
INPUT or UPDATE. When the file has the
DIRECT attribute, records may be retrieved.,
added, deleted, and replaced at random.
Figure 12.14 lists the data-transmission
statements and options that can be used to
create and access an INDEXED data set.

r---------------------------------------------------------------------------------------,
E'ile declaration1 1Valid statements
with options that must
IOther options that can
2 ,

I appear

lalso be used

SEQUENTIAL OUTPUTIWRITE FILE(file-expr) FROM(variable):
BUFFERED
I
ILOCATE variable FILE(file-expr):

I
I
I SET (pointer-variable)

SEQUENTIAL OUTPUTIWRITE FILE(file-expr) FROM(variable):
UNBUFFERED
I

I EVENT (event-variable)
I

SEQUENTIAL INPUT IREAD FILECfile-expr) INTO(variable):
BUFFERED
I
IREAD FILE(file-expr) SET(pointer-variable):
I READ FILE( file-expr-) IGNORE (expression) i
SEQUENTIAL INPUT IREAD FILE(file-expr) INTO(variable):
UNBUFFERED
I
IREAD FILE(file-expr) IGNORE(expression)i

I EVENT (event-variable)

I

I EVENT (event-variable)

SEQUENTLAL UPDATEIREAD FILECfile-expr) INTO(variable):
I
BUFFERED
I
I
IREAD FILE(file-expr) SET(pointer-variable): I
IREAD FILE(file-expr) IGNORE(expression)i
I
I FROM (variable)
IREWRITE FILE(file-expr)i
SEQUENTI.AL UPDATE I READ FILE( file-expr)
INTO (variable) :
UNBUFFERED
I
IREAD FILE(file-expr) IGNORE(expression);
IREWRITE FILE(file-expr) FROM(variable);

I EVENT (event-variable)
I
I EVENT (event-variable)
I EVENT (event-variable)

1The complete file declaration would include the attributes FILE, RECORD, and
ENVIRONMENT
2The sta·tement READ FILE (file-expression) : is a valid statement and is equivalent to:

READ FILE (file-expression)
IGNORE (1):
l-----------------____________________________________
-------------_____________________
Figure 12.9.

J

Statements and options permitted for creating and accessing CONSECUTIVE
and VSAM entry-sequenced data sets

KEYS

length, and GENKEY has not been specified,
the source key is padded with blanks on the
right to the specified length.

rhere are two kinds of keys., recorded keys
and source keys. A recorded key is a
character string that actually appears with
each record in the data set to identify
that record; its length cannot exceed 255
characters. A source key is the characterstring value of the expression that appears
in the KEY or KEYFROM option of a data
transmission statement to identify the
record to which the statement refers; for
direct access of an INDEXED data set, each
transmission statement must include a
source key.
The length of the recorded keys in an
INDEXED data set is defined by the
KEYLENGTH environment option or the KEYLEN
subparameter of the DO statement that
defines the data set. If the length of a
source key is greater than the specified
length of the recorded keys, the source key
is truncated on the right.
If the source
key is shorter than the specified key

The recorded keys in an INDEXED data set
may be separate from, or embedded within,
the logical records. If the keys are
embedded within the records, either the
KEYLOC(n) environment option should be
specified when the data set is created, or
the subparameter RKP must be included in
the DO statement for the associated data
set (in the job step in which the data set
is created), to give the location of the
key within the record.

Note: All VSAM key-sequenced data sets have
embedded ·keys" even if they have been
converted from ISAM data sets with nonembedded keys.
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r----~-------------------------~------------------------~----------~---------------~----,

File declaration 1 1Valid statements 2
I appear

,

with options that must

SEQUENTIAL OUTPUTIWRITE FILE(file-expr) FROM(variable)
I KEYFROM(expression);

I

IOther options that can
lalso be used

I
I
I

I SET (pointer-variable)

ILOCATE variable FILECfile-expr)
I KEYFROM(expressiop);

I

SEQUENTIAL INPUT I READ FILE( file-expr) INTO (variable) ;

I KEY (expression) or KEYTO

I Ccharacter-stringI
I variable)
I
I READ FILECfile-expr) SETCpointer-variable);IKEY(expression) or KEYTO
I (character-stringI
I 'variabl e)
I
I READ FILE(file-expr) IGNORE(expression):

I

IKEY(expression) or KEYTO
SEQUENTIAL UPDATEIREAD FILE(file-expr) INTO(variable):
I
I Ccharacter-stringI
I variable)
IREAD FILECfile-expr) SET(pointer-variable):JKEYCexpression) or KEYTO
I
I (character-stringI
I variable)
IREAD FILECfile-expr) IGNORECexpression);
I

I

I

I

I

DIRECT INPUT

IREAD FILE(file-expr) INTO(variable)
I KEY(expression);

I EVENT (event-variable)
I

DIRECT UPDATE

IREAD FILECfile-expr) INTOCvariable)
I KEYCexpression);

I EVENT (event-variable)
I

I

I

I

I
I

I

I

IREWRITE FILECfile-expr);

I FROM (variable)

I DELETE FILE( file-expr);

I KEY Cexpression)

IREWRITE FILE(file-expr) FROM (variable)
I KEYCexpression);
IWRITE FILE(file-expr) FROM(variable)
I KEYFROM(expression):

I EVENT Cevent-variable)

I EVENT (event-variable)
I

IDELETE FILECfile-expr) KEY(expression);
I EVENT (event-variable)
L--------_____________________________________________
----------------------------------J
Figure 12.10 CPart 1 of 2). Statements and options permitted for creating and
accessing INDEXED data sets
Embedded Keys

rhe KEYLOC option specifies the absolute
position of an embedded key from the start
of the data in a record, while the RKP
subparameter specifies the position of an
embedded key relative to the start of the
record.
Thus the equivalent KEYLOC and RKP values
for a particular byte are affected by the
following:
1.

The KEYLOC byte count starts at 1; the
RKP count starts at 0

2.

The record format
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For example, if the embedded key begins
at the tenth byte of a record variable,
then the specifications are:
Fixed length:

KE.YLOC(10)
RK~=9

Variable-length:

KEYLOC(10)

RKP=13

If KEYLOC is specified with a value
equal to or greater than one, embedded keys
exist in the record variable and on the
data set. If KEYLOC is equal to zero, or
is not specified, the RKP value is used; as
a result, embedded keys may not always be
present in the record variable or the data
set. If KEYLOC(1) is specified, it must be
specified for every file that accesses the

r--------·------------------------------------------------------.------------------------,
'READ FILE(file-expr) INTO(variable)
IEVENTCevent-variable)

'DIRECT UPDATE
EXCLUSIVE

1
1

KEY Cexpression);

'REWRITE FILECfile-expr) FROM (variable)
KEYCexpression)i

'and/or NOLOCK
,
'EVENTCevent-variable)

1

1

1

1

IWRITE FILECfile-expr) FROM(variable)
, KEYFROM(expression)i

1

IDELETE FILECfile-expr) KEY(expression);

1

IUNLOCK FILE(file-expr) KEY(expression);

IEVENTCevent-variable)
1

1

1EVENT (event-variable)

1

I

1The complete file declaration would include the attributes FILE, RECORD, and
ENVIRONMENT; if any of the options KEY, KEYFROM, and KEYTO is used, i t must
also include the attribute KEYED.
2The sta·tement: READ FILE (file-expression);
READ FILE (file-expression) IGNORE (1);

is equivalent to the statement:

Notes: The attribute UNBUFFERED is ignored and BUFFERED is assumed for INDEXED
SEQUENTIAL and SEQUENTIAL files .•
Use of the DELETE statement is invalid if OPTCD=L CDCB subparameter) was not
specified when the data set was created or if the RKP subparameter is zero for
FB records, or four for V and VB records.

L--------·--------------------------__________________

--~---------

_______________________

J

Figure 12" 10 (Part 2 of 2).
Statements and options permitted for creating and
accessing INDEXED data sets

r--------·-------------------------------------------------------------------------------,
,
I
I
Data Set
1
t
1----------------------KEYLOC
I
RKP
1 Record variable 1 Unblocked 'Blocked
1

Cn)

1

1

records

1

records

---------.-------------------------------------------- ---------~---~--------------------

n>l

Key

1 RKP equivalent =
I
n-1+CS.

1

Key

1

Key

I

I

--------.----~---------------------------------------- ----------------------------------

n=l

Key

No equivalent

n=O
or not
specified

Key2

1

Key

I

RKP=C1

1

No key

I

No key

I

Key3

1

RKP>c 1

1

Key

1

Key

1

Key

1--------------------------------------------------------------1
I
I
1

1 C = number of control bytes, if any; C=O for fixed-length records
C=4 for variable-length records
2 In this instance the key is not recognized by data management.
3 Each logical record in the block has a key.
L------------------------------------------~--------------

Figure 12.11.

______________________________

Effect of KEYLOC and RKP values on establishing embedded keys in
record variables or data sets
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r--------------------------------------------------~------------------------------------,
1
2

File declaration 1valid statements
I appear

,

with options that must

IOther options that can
lalso be used

SEQUENTIAL OUTPUTIWRITE FILE(file-expr) FROM(variable)
BUFFERED
I KEYFROM(expression)i

I
I
I

I

ILOCATE variable FILE(file-expr)
I KEYFROM(expression)i

I SET (pointer-variable)

I

SEQUENTIAL OUTPUTIWRITE FILE(file-expr) FROM(variable)
UNBUFFERED
I KEYFROM(expression):

I EVENT (event-variable)

I

SEQUENTIAL I NPU'r I READ FILE (file-expr) INTO(variable);
BUFFERED
I

I

I READ FILE( file-expr) SET (pointer-variable)

I
I

i

I
I
I READ FILE(file-expr) IGNORE(expression)i
SEQUENTIAL INPUT tREAD FILECfile-expr) INTO(variable):
UNBUFFERED
I

I
I
I

IREAD FILE(file-expr) IGNORE(expression)i

I KEY (expression) or KEYTO
I (character-stringI variable)
I KEY (express ion) or KEY'I'O
I (character-stringI variable)
t
I EVENT (event-variable)
land/or either KEY
I (expression) or KEYTO
I (character-stringI variable)
I EVENT (event-variable)

------------------------KEY (expression) or KEYTO

---------------------------------------------~-------~ -------

SEQUENTIAL UPDATEIREAD FILE(file-expr) INTO(variable):
BUFFERED
I

(character-stringvariable)
IREAD FILE(file-expr) SET(pointer-variable)i KEY (express ion) or KEY'I'O
(character-stringI
variable)
I
IREAD FILE(file-expr) IGNORE(expression)i

I

I

FROM (variable)

IREWRITE FILECfile-expr)i

I

IDELETE FILE(file-expr);

KEY (express ion)

SEQUENTIAL UPDATEIREAD FILE(file-expr) INTO(variable)i
UNBUFFERED
I
I
I
I
IREAD FILE(file-expr) IGNORE(expression)i

I

IREWRITE FILE(file-expr) FROM(variable)i

I

IDELETE FILE(file-expr)i
I

IEVENTCevent-variable)
land/or either KEY
I (expression) or KEYTO
I (character-stringI variable)
I EVENT (event-variable)

I

I EVENT (event-variable)

I

IKeY(expression) and/or
I EVENT (event-variable)

L------------------------------_______________________ ----------------------------------J
Figure 12.12 (Part 1 of 2). Statements and options permitted for creating and
accessing key-sequenced VSAM data sets
data set. This is necessary because
KEYLOC(l) cannot be converted to an
unambiguous RKP value.
(Its equivalent is
RKP=O for fixed format, which in turn
implies non-embedded keys.) The effect of
the use of either option is shown in figure
12.11.
Programs written for the PL/I F Compiler
which use records with embedded keys can be
compiled without alteration to the
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ENVIRONMENT attribute for the inclusion of
the KEYLOC option, if the original RKP
subparameter is specified when the
recompiled program is executed.
The use of embedded keys avoids the need
for the KEYTO option during sequential
input, but the KEYFROM option is still
required for output.
(However:, the data
specified by the KEY FROM option may be the
embedded key portion of the record variable

r--------··---------~------~------------------------~-----------~-------------------~----,

File declaration 1 1Valid statements 2 , with options that must
I appear

IOther options that can
lalso be used

---------.-----------------~--------------------------------------~---------~------~----

DIRECT INPUT
BUFFERED

IREAD FILE(file-expr) INTO(variable)
I KEY (expression);

I

IREAD FILE(file-expr) SET (pointer-variable)
I KEY(expression)i

DIRECT INPUT
UNBUFFERED

I EVENT (event-variable)
I

IREAD FILE(file-expr) INTO(variable)
I KEY(expression)i

DIRECT UPDATE
BUFFERED

READ FILE(file-expr) INTO(variable)
KEY(expression)i
READ FILE(file-expr) SET (pointer-variable)
KEY(expression)i
REWRITE FILE(file-expr) FROM (variable)
KEY ( expres s ion) i
DELETE FILE(file-expr) KEY(expression);
IWRITE FILE(file-expr) FROM(variable)
I KEYFROM(expression);

DIRECT UPDATE
UNBUFFERED

IREAD FILE(file-expr) INTO(variable)
I KEY(expression);

I EVENT (event-variable)

I

I
I

I

I
I
I EVENT (event-variable)
I

IREWRITE FILE(file-expr) FROM (variable)
I KEY(epxression);
IDELETE FILE(file-expr) KEY(expression);

I

IWRITE FILE(file-expr) FROM (variable)
I KEYFROM(expression);

I EVENT (event-variable)

I EVENT (event-variable)

I

1The complete file declaration would include the attributes FILE and RECORD.
If any
of the options KEY, KEYFROM, and KEYTO is used, the declaration must also include
the attribute KEYED.
2The stat.ement: READ FILE (file-expression); is equi valent to the statement:
READ FI1:"E (file-expression) IGNORE (1) i
Note: Unlike ISAM, VSAM does not have dummy records; when a record is deleted from a
VSAM data set the space is reclaimed immediately. ISAM-compatible deletion can be
obtained by specifying OPTCD=L in the AMP parameter of the DD statement. This causes
PL/I to use the ISAM compatibility interface.

L--------.------------------__________________

~------------------------------------------J

Figure 12 .. 12 (Part 2 of 2).
Statements and options permitted for creating and
accessing key-sequenced VSAM data sets
itself.)
In a data set with unblocked
records, a separate recorded key precedes
each record, even when there is already an
embedded key; If the records are blocked,
the key of only the last record in each
block is :cecorded separately in front of
the block ..
During the execution of a WRITE
statement that adds a record to a data set
with embedded keys, the value of the
expression in the KEYFROM option is
aSSigned to the embedded key position in

the record variable. Note that a record
variable can be declared as a structure
with an embedded key declared as a
structure member, but that such an embedded
key must not be declared as a VARYING
string.

For a LOCATE statement, the KEYFROM
string is assigned to the embedded key when
the next operation on the file is
encountered.
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DUMMY RECORDS

INDEXED data set are identical to those for
a CONSECUTIVE data set (described acove).

Records within an INDEXED data set are
either actual records containing valid data
or dummy records~ A dummy record is
identified by the constant (8) 'l'B in its
first byte. Dummy records can be inserted
by the programmer, or can be created by
deleting records. They can be replaced by
valid data records having the same keys as
the dt~my records.
The subparameter
OPTCD=L must be incl uded in -the DD
statement that defines the data set when it
is created, so that dummy records are
recognized and not retrieved by READ
statements.

Embedded keys in a record to be updated
must not be altered. The modified record
must always overwrite the updated record in
the da ta set.
Additionally, records can be effectively
deleted from the data set; a DELETE
statement marks a record as a dummy by
putting (8) 'l'B in the first byte. The
DELETE statement should not be used to
process a data set with F-format blocked
records and either KEYLOC=l or RKP=O, or Vor VB-format records and either KEYLOC=l or
RKP=4.
(The code (8) 'liB would overwrite
the first byte of the recorded key.) Note
that the EVENT option is not supported for
SEQUENTIAL access of INDEXED data sets.

CREATING A DATA SET
When an INDEXED data set is being created,
the associated file must be opened for
SEQUENTIAL OUTPUT, and the recvrds must be
presented in the order of ascending key
values.
(If there is an error in the key
sequence, the KEY condition will be
raised.)
A DIRECT file cannot be used for
the creation of an INDEXED data set.
Once an INDEXED data set has been
created, the file that accesses it can be
opened for SEQUENTIAL INPUT or UPDATE, or
for DIRECT INPUT or UPDATE.
In the case of
F-format records, it can also be opened for
OUTPUT to add records at the end of the
data set.
The keys for these records must
have higher values than the existing keys
tor that data set and must be in ascending
order. The storage allocated for a data
set can be increased when it is required
for output.

SEQUENTIAL ACCESS
A SEQUENTIAL file that is used to access an
INDEXED data set may be opened with either
the INPUT or the UPDATE attribute. The
data t~ransmission statements need not
include source keys, nor need the file have
the KE~ED attribute. Sequential access is
in order of ascending recorded-key values;
records are retrieved in this order, and
not necessarily in the order in which they
were added to the data set. Dummy records
are not retrieved if the DD statement that
defined the data set included the
subparameter OPTCD=L.
Except that the EVENT option cannot be
used, rules governing the relationship
between the READ and REWRITE statements for
a SEQl~NTIAL UPDATE file that accesses an
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During sequential access of an INDEXED
data set, it is possible to read a
particular record by supplying a source key
in the KEY option of a READ statement, and
to continue sequential reading from that
point in the data set.
(The associated
file must have the KEYED attribute.) Thus,
a READ statement that includes the KEY
option will cause the record, whose key is
supplied, to be read: a subsequent READ
statement without the KEY option will cause
the record with the next higher recorded
key to be read (even if the keyed record
has not been found).
The effect of supplying a source key
that is shorter than the recorded keys in
the data set differs according to whether
or not the GENKEY option is specified in
the ENVIRONMENT attribute.
In the acsence
of the GENKEY option, the source key is
padded on the right with blanks to the
length specified in the KEYLENGTH option of
the ENVIRONMENT attribute, and the record
with this padded key is read (if such a
record exists). If the GENKEY option is
specified, the source key is interpreted as
a generic key, and the first record with a
key in the class identified by this generic
key is read.
(Refer to "Key
Classification," above.)

DIRECT ACCESS
A DIRECT file that is used to access an
INDEXED data set may be opened with either
the INPUT or the UPDATE attribute. All
data transmission statements must include
source keys; the DIRECT attribute implies
the KEYED attribute.
A DIRECT UPDATE file can be used to
retrieve, add, delete, or replace records
in an INDEXED data set according to the

specifying its region number, and perhaps a
key, in a data transmission statement.

following conventions:
1.

2.

3.

4.

Retrieval: If the DD statement that
defined the data set included th~
subparameter OPI'CD=L, dummy records
are not made available by a READ
statement.
(The KEY condition is
raised. )
Addi t~ion: A WRITE statement that
incltrles a unique key causes a record
to be inserted into the data set. If
the key is the same as the recorded
key of a dummy record, the new record
replaces the dummy record.
If the key
is the same as the recorded key of a
record that is not marked as deleted,
or if there is no space in the data
set for the record, the KEY condition
is raised.
Delet:ion: The record specified by the
source key in a DELETE statement is
retrieved, marked as deleted, and
rewritten into the data set. The
effeGt of the DELETE statement is to
insert the value (8) 'l"B in the first
byte of the data in a record.
Dele·tion is possible only if OPTCD=L
was specified in the DD statement that
defined the data set when it was
creat:ed.
If the data set has F-format
blocked records with RKP=O or
KEYLOC=1, or V-format records with
RKP=4 or KEYLOC=l, records cannot be
delet:ed.
(The code (8) '1' B would
overwri te the embedded keys.)
Replacement: The record specified ?y a
so urGe key in a REWRITE statement 1. s
replaced by the new record. If the
data set contains F-format blocked
records, a record replaced with a
REWRITE statement causes an implicit
READ sta tement to be executed unless
the previous I/O statement was a READ
statement that obtained the record to
be rE~placed.
If the data set contains
V-format records and the updated
record has a length different from
that of the record read, the whole of
the remainder of the track will be
moved" and may cause data to be moved
to an overflow track.

RegionaJlOrganization
A data set with REGIONAL organization is
divided into regions, each of which is
identified by a region number, and each of
which may contain one record or more than
one record, depending on the type of
REGIONAL organization. The regions are
numbered :in succession, beginning with
zero, and a record may be accessed by

REGIONAL organization of a data set
permits the programmer to control the
physical placement of records in the data
set, and enables him to optimize the access
time for a particular application. such
optimization is not available with
CONSECUTIVE or INDEXED organization, in
which successive records are written either
in strict physical sequence or in logical
sequence depending on ascending key values;
neither of these methods takes full
advantage of the characteristics of directaccess storage devices. REGIONAL data sets
are confined to direct-access devices.
A REGIONAL data set can be created in a
similar manner to a CONSECUTIVE or INDEXED
data set, records being presented in the
order of ascending region numbers;
alternatively, direct access can be used,
in which records can be presented in random
sequence and inserted directly into
preformatted regions. Once a REGIONAL data
set has been created, it can be accessed by
a file with the attributes SEQUENTIAL or
DIRECT as well as INPUT or UPDATE. Note
that neither a region number nor a key need
be specified if the data set is associated
with a SEQUENTIAL INPUT or SEQUENTIAL
UPDATE file. When the file bas the DIRECT
attribute, records can be retrieved, added,
deleted, and replaced at random.
Records within a REGIONAL data set are
either actual records containing valid data
or dummy records. The nature of the dummy
records depends on the type of REGIONAL
organization; the three types of REGIONAL
organization are described below.
Figure 12.13 lists the data transmission
statements and options that can be used to
create and access a REGIONAL data set.

KEYS
There are two kinds of keys, recorded keys
and source keys. A recorded key is a
character string that immediately precedes
each record in the data set to identify
that record; its length cannot exceed 255
characters. A ~e key is the characterstring value of the expression that appears
in the KEY or KEYFROM option of a data
transmission statement to identify the
record to which the statement refers. When
a record in a REGIONAL data set is
accessed, the source key gives a region
number, and may also give a recorded key.
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The length of the recorded keys in a
REGIONAL data set is defined by the
KEYLEOOTH option of the ENVIRONMENT
attribute, or the KEYLEN subparameter on
the DD statement. Unlike the keys for
INDEXE:D data sets, recorded keys in a
REGIONAL data set are never embedded within
the record.

'rYPES OF REGIONAL ORGANIZATION
There are three types of REGIONAL
organization:
1.

A REGIONAL(1) data set contains Fformat records that do not have
recorded keys. Each region in the
CIa ta 'set c ontai ns only one record;
t;herefore, each region number
corresponds wi th a relative record
position within the data set.

2.

A REGIONAL(2) data set contains Fformat records that have recorded
keys.
Each region in the data set
contains only one record. Direct
4ccess to a REGIONAL(2) data set
employs the region number specified in
a source key to locate the required
region. REGIONAL(2) differs from
REGIONAL(l) in that records are not
necessarily in the specified regions.
'I'he specified region identifies a
starting-point; a search is then made
for a record with the given recorded
key starting at the beginning of the
t.rack containing the region specified.

3~

A REGIONAL(3) data set contains Fformat, V-format, VS-format or Uformat records with recorded keys.
Each region in the data set
corresponds with a track on a di rectaccess device, and can normally
contain one or more records.
Direct
access of a REGIONAL(3) data set
employs the region number specified in
a source key to locate the required
region.
Once the region has been
located, a sequential search for space
t~o add a record, or for a record that
has a recorded key identical with that
supplied in the source key, can be
made. VS- format records may span morf!
t:han one region.

REGIONAL(1) ORGANIZATION
In a REGIONAL(1) data set, since there are
no recorded keys, the region number serves
as the sole identification of a particular
record. The character-string value of the
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source key should represent an unsigned
decimal integer that should not exceed
16777215. If the region number exceeds
this figure, it is treated as modulo
16777216: 16777226, for instance, is
treated as 10. Only the characters 0
through 9 and the blank character are valid
in the source key; leading blanks are
interpreted as zeros; embedded blanks are
not permitted in the number; the first
embedded blank, if any, will terminate the
region number.
If more than eight
characters appear in the source key, only
the rightmost eight are used as the region
number; if there are fewer than eight
characters, blanks Cinterpreted as zeros)
are assumed on the left.

DUmmy Records
Records in a REGIONAL(1) data set are
either actual records containing valid data
or dummy records.
A dummy record in a
REGIONAL(1) data set is identified by the
constant (S)'l'E in its first byte.
Although such dummy records are
automatically inserted in the data set
either when it is created or when a record
is deleted, they are not ignored when the
data set is read; the PL/I program muet be
prepared to recognize them. Dummy records
can be replaced by valid data. Note that
if the programmer inserts (S)'l'B in the
first byte, the record will be lost if the
file is copied onto a data set whose dummy
records are not retreived.

Creating a REGIONAL(1) Data Set
A REGIONAL(1) data set can be created
either sequentially or by direct access.
When a SEQUENTIAL OUTPUT file is used to
create the data set, the opening of the
file causes all tracks on the data set to
be cleared, and a capacity record to be
written at the beginning of each track to
record the amount of space available on
that track. Records must be presented in
ascending order of region numbers; any
region that is omitted from the sequence is
filled with a dummy record.
If there is an
error in the sequence., or if a duplicate
key is presented, the KEY condition will be
raised. When the file is closed, any space
remaining at the end of the current extent
is filled with dummy records.
If a data set is created using a
buffered file, and the last WRITE or LOCATE

r---------·------------------------------------------------------------------------------,
File declara tion1.1 Vali d statements, with options tha t must
lother opti ons that can
I appear

I also be used

SEQUENTIA:L OUTPUT I WRITE FILE (file-expr)
FROM (variable)
BUFFERED
I KEYFROM(expression)i
ILOCATE variable FILE(file-expr)
I KEYFROM(expression);

I
I

ISETCpointer-variable)

I

SEQUENTIAL OUTPUTIWRITE FILE(file-expr) FROM(variable)
UNBUFFERED
I KEYFROM(expression);
SEQUENTIAL INPUT I READ FILE (file-expr)
BUFFERED
I

INTO (variable)

I

I EVENT (event-variable)

I·KEYTO
I (character-stringI variable)
I
I READ FILE(file-expr) SET (pointer-variable) ilKEYTO
I (character-stringI
I variable)
I
I
I READ FILE(file-expr) IGNORE(expression);
i

SEQUENTIAL INPUT IREAD FILE(file-expr) INTO(variable);
I

U~BUFFERED

I
I

IREAD FILE (file-expr)

IGNORE(expression);

I EVENT (event-variable)
I and/or KEYTO
I (character-stringI variable)
I EVENT (event-variable)

SEQUENTIAL UPDATEIREAD FILE(file-expr) INTO(variable);
IKEYTO
BUFFERED
I
I (character-stringI
I variabl e)
IREAD FILE(file-expr) SET(pointer-variable);IKEYTO
I
I (character-stringI
I variable)
tREAD FILE(file-expr) IGNORE(expression);
I

I

I

IREWRITE FILE(file-expr)i

I FROM (variable)

SEQUENTIAL UPDATEIREAD FILE(file-expr) INTO(variable);
UNBUFFERED
I

IEVENT (event-variable)

I

I
I
I

IREAD FILE(file-expr) IGNORE(expression);

I and/or KEYTO
I (character-stringI variable)
I EVENT (event-variable)

I

I

IWRITE FILE(file-expr) FROM(variable)
I KEYFROM(expression);

I

DIRECT INPUT

IREAD FILE(file-expr) INTO(variable)
I KEY(expression);

I EVENT (event-variable)
I

DIRECT UPDATE

IREAD FILECfile-expr) INTO(variable)
I KEY(expression);

IREWRITE FILE(file-expr) FROM(variable);
DIRECT OUTPUT

I EVENT (event-variable)
IEVENT (event-variacle)

I EVENT (event-variable)

I

I
I

I

I

IREWRITE FILE(file-expr) FROM(variable)
I KEY(expression);
I WRITE FILE( file-expr) FROM(variable)
I KEYFROM(expression);

I EVENT (event-variable)
I
I EVENT (event-variable)

I
I
I
IDELETE
FILECfile-expr) KEY(expression); _____________________________
I EVENT (event-variable)
L----_______________
-__________
J
~---------------------------

Figure 12 .. 13 (Part 1 of 2).
Statements and options permitted for creating and
accessing REGIONAL data sets
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r---------------------------------------------------------------------------------------,
File deciaration11Vaiid statements, with options that must
10ther options that can
DIRECT INPUT
EXCLUSIVE
DIRECT UPDATE
EXCLUSIVE

I appear

I also be used

IREAD FILECfile-expr) INTOCvariable)
I KEYCexpression);

! EVENT Cevent-variable)
! and/or NOLOCK

READ FILECfile-expr) INTOCvariable)
KEYCexpression);

EVENT (event-variable)
and/or NOLOCK

REWRITE FILECfile-expr) FROMCvariable)
KEYCexpression);

EVENTCevent-variable)

WRITE FILECfile-expr) FROMCvariable)
KEYFROMCexpression);

EVENTCevent-variable)

DELETE FILECfile-expr) KEYCexpression);

EVENT (event-variable)

UNLOCK FILE(file-expr) KEYCexpression);
1The complete file declaration would include the attributes FILE, RECORD, and
ENVIRONMENT; if any of the options KEY, KEYFROM, and KEYTO is used, it must also
include the attribute KEYED.
The statement: READ FILE (file-expression); is equivalent to the statement:
READ FILE (file-expression) IGNORE(l);

L-------------------------------------------__________ ---------_________________________

J

Figure 12.13 (Part 2 of 2). Statements and options permitted for creating and
accessing REGIONAL data sets.
statement before the file is closed
attempts to transmit a record beyond the
limits of the data set, the CLOSE statement
may raise the ERROR condition.
If a DIRECT OUTPUT file is used to
create the data set, the whole of the
primary extent allocated to the data set is
filled with dummy records when the file is
opened.
Once a REGIONAL(1) data set has been
created, the file that accesses it can be
opened for SEQUENTIAL INPUT or UPDATE, or
for DIRECT INPUT or UPDATE.
It can be
opened for OUTPUT only if the existing data
set is to be overwritten.

Sequential Access
SEQUENTIAL file that is used to process a
REGIONAL(1) data set may be opened with
either the INPUT or UPDATE attribute. The
data transmission statements must not
include the KEY option; but the file may
have the KEYED attribute, since the KEYTO
option can be used. If the characterstring variable specified in the KEYTO
option has more than eight characters, the
value returned Cthe region number) is
padded on the left with blanks; if it has
fewer than eight characters, it is
truncated on the left.

sequential access is in the order of
ascending region numbers.
All records are
retrieved, whether dummy or actual, and the
PL/I program should be prepared to
recognize dummy records.
The rules governing the relationship
between READ and REWRITE statements for a
SEQUENTIAL UPDATE file that accesses a
REGIONAL (1) data set are identical to those
for a CONSECUTIVE data set Cdescribed
above) •

Direct Access
A DIRECT file that is used to process a
REGIONAL(1) data set may be opened with
ei ther the INPUT, or the UPDATE attribut,e.
All data transmission statements must
include source keys; the DIRECT attribute
implies the KEYED attribute.

~
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A DIRECT UPDATE file can be used to
retrieve, add" delete, or replace records
in a REGIONAL(1) data set according to the
following conventions:
1.

Retrieval: All records, whether dummy
or actual, are retrieved. The program
must be prepared to recognize dummy
records.

2.

Addition: A WRITE statement
substitutes a new record for the

exist:ing record (actual or dummy) in
the region specified by the source
key.
3.

Delet:ion: The record specified by the
source key in a DELETE statement is
convE~rted to a dummy record.

4.

Replacement: The record specified by
the source key in a REWRITE statement"
whether dummy or actual, is replaced.

REGIONAL(2) ORGANIZATION
In a REGIONAL(2) data set, each record is
identified by a recorded key that
immediately precedes the record. The
actual position of a recor¢l in the data set
relative to other records is determined not
by its recorded key, but by the region
number that is supplied in the source key
of the WRITE statement that adds the record
to the da ita set.
When a record is added to the data set
by direct access, it is written with its
recorded key in the first available space
after the beginning of the track that
contains the region specified. When a
record is read by direct access, the search
for a record with the appropriate recorded
key begins at the start of the track that
contains the region specified.
Unless it
is limited by the LIMCT subparameter of the
DD statement that defines the data set, the
search fo:1:' a record or for space to add a
record continues right through to the end
of the data set and then from the beginning
until the whole of the data set has been
covered. The closer a record is to the
specified region, the more quickly i t can
be accessed.

Source

Ke~

not permitted in the number: the first
embedded blank, if any, will terminate the
region number. The comparison key is a
character string which occupies the left
hand side of the source key, and may
overlap or be distinct from the region
number, from which i t can be separated by
other, non-significant, characters. The
length of the comparison key is specified
by either the KEYLEN subparameter of the DD
statement for the data set or the KEYLENGTH
option of the ENVIRONMENT attr ibute. If
the source key is shorter than the
specified key length, it is extended on the
right with blanks. TO retrieve a record,
the comparison key must exactly match the
recorded key of the record. The comparison
key can include the region number, in which
case the source key and the corr-parison key
are identical; alternatively, part of the
source key may not be used. The length of
the comparison key is always equal to
KEYLENGTH or KEYLEN: if the source key is
longer then KEYLEN+8, the characters in the
source key between the comparison key and
the region number are ignored.
Consider the follOWing examples of
source keys (the character "b" represents a
blank) :
KEY ('JOHNbDOEbbbbbb12363251')
The rightmost eight characters make up the
region specification, the relative number
of the record. Assume that the associated
DD statement has the subparameter
KEYLEN=14.
In retrieVing a record, the
search will begin with the beginning of the
track which contains the region number
12363251, until the record is found having
the recorded key of JOHNbDOEbbbbbb.
If the subpararneter were KEYLEN=22, the
search still would begin at the same place,
but since the comparison and the source key
are the same length, the search would be
for a record having the recorded key
'JOHNbDOEbbbbbb12363251'.
KEY (' JOHNbDOEbbbbbbDIVISIONb423bbbb34627")

rhe character-string value of the source
key can be thought of as having two logical
parts, the region number and a comparison
key. On output, the comparison key is
written as the recorded key: for input, i t
is compared with the recorded key.
The rightmost eight characters of the
source key make up the region number, which
must be an unsigned decimal integer that
does not exceed 16777215. If the region
number exceeds this figure, it is treated
as modulo 16777216: 16777226 is treated as
10. The region specification can include
only the characters 0 through 9 and the
blank character; leading blanks are
interpreted as zeros; embedded blanks are

In this example, the rightmost eight
characters contain leading blanks, which
are interpreted as zeros. The search will
begin at region number 00034627. If
KEYLEN=14 is specified, the characters
DIVISIONb423b will be ignored.
Assume that COUNTER is declared FIXED
BINARY (21) and NAME is declared
CHARACTER(15). The key might be specified
as :
KEY (NAME I I COUNTER)
The value of COUNTER will be converted to a
character string of eleven characters.
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(The rules for conversion specify that a
binary value of this length, when converted
to character, will result in a string of
length 11, three blanks followed by eight
decimal digits.) The value of the
rightmost eight characters of the converted
string will be taken to be the region
specification. Then if the keylength
specification is KEYLEN=15, the value of
NAME ~7ill be taken to be the comparison
specification.

Dummy Records
REGIONAL(2) data set can contain dummy
records. A dummy record consists of a
A dummy key is
dummy key and dummy data.
identified by the constant (8) 'liB in its
first byte. The first byte of the data
contains the sequence number of the record
on the track.

create the current extent of a data set,
the whole of the primary extent allocated
to the data set is filled with dummy
records when the file is opened. Records
can be presented in random order, and no
condition is raised by duplicate keys.
Each record is substituted for the first
dummy record on the track that contains the
region specified in the source key; if
there are no durrmy records on the track,
the record is substituted for the first
dummy record encountered on a subsequent
track, unless the LIMCT subparameter
specifies that the search cannot reach
beyond this track.
(Note that it is
possible to place records with identical
recorded keys in t.he data set .• )

1\

Dun~y records can be replaced by valid
data. They are inserted automatically
either when the data set is created or when
a record is deleted, and they are ignored
when the data set is read.
(Unlike INDEXED
data sets, REGIONAL data sets do ·not
requiz:'e the subparameter OPTCD=L in the DO
statement. )

Creating a Data Set
REGIONAL (2) data set can be created
either sequentially or by direct access.
In eitner case, when the file associated
with the data set is opened, the data set
is initialized with capacity records
specifying the amount of space available on
each track.
~

When a SEQUENTIAL OUTPUT file is used to
create the data set, records must be
presented in ascending order of region
numbers; any region that is omitted from
the sequence is filled with a dummy record.
If there is an error in the sequence,
including an attempt to place more than one
record in the same region, the KEY
condit,ion will be raised.
When the file is
closed, any space remaining at the end of
the current extent is filled with dummy
records.
If a data set is created using a
buffered file, and the last WRITE or LOCATE
statement before the file is closed
attempts to transmit a record beyond the
limits of the data set, the CLOSE statement
may raise the ERROR condition.
If a DIRECT OUTPUT file is used to
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Once a REGIONAL(2) data set has teen
created, the file that accesses it can be
opened for SEQUENTIAL INPUT or UPDATE, or
for DIRECT INPUT or UPDATE.
It cannot be
opened for OUTPUT.

sequential Access
A SEQUENTIAL file that is used to process a
REGIONAL(2) data set may be opened with
either the INPUT or the UPDATE attribute.
The data transmission statements must not
include the KEY option, but the file may
have the KEYED attribute since the KEYTO
option can be used. The KEYTO option
specifies that the recorded key only is to
be assigned to the specified variable. If
the character-string variable specified in
the KEYTO option has more characters than
are specified in the KEYLEN subparameter,
the value returned (the recorded key) is
extended on the right with blanks; if it
has fewer characters than specified by
KEYLEN, the value returned is truncated on
the right.
Sequential access is in the physical
order in which the records exist on the
data set, not necessarily in the order in
which they were added to the data set. The
recorded keys do not affect the order of
sequential access.
Dummy records are not
retrieved.
The rules governing the relationship
between READ and REWRITE statements for a
SEQUENTIAL UPDATE file that accesses a
REGIONAL(2) data set are identical with
those for a CONSECUTIVE data set (described
above) •

Direct Access
A DIRECT file that is used to process a

REGIONAL(2) data set may be opened with
either the I NPUT or the UPDATE attribute.
All data transmission statements must
include source keys; the DIRECT attribute
implies the KEYED attribute. The search
for each :record is commenced at the start
of the track containing the region number
indicated by the key.
1.

2.

is not preformatted with dummy records
because the lengths of records cannot
be known until they are written;
however, all tracks in the primary
extent are cleared and the operating
system maintains a capacity record at
the beginning of each track, in which
i t records the amount of space
available on that track.

Retrieval: Dummy records are not made
available by a READ statement. The
KEY condition is raised if a record
with the specified recorded key is not
found.
Addition: A WRITE statement
subs·titutes the new record for the
first dummy record on the track
containing the region specified by the
source key.
If there are no dummy
records on this track, am an extended
search is permitted by the LIMCT
subparameter, the new record replaces
the first dummy record encountered
during the search.

3.

Deletion: The record specified by the
source key in a DELETE statement is
converted to a dummy record.

4.

Replacement: The record specified by
the source key in a REWRITE statement
must exist; a REWRITE statement cannot
be used to replace a dummy record.
If
i t does not exist, the KEY condition
is raised.

Note that if a track contains records
with duplicate recorded keys, the record
farthest from the beginning of the track
will never be retrieved during direct
access.

Source keys for a REGIONAL(3) data set
are interpreted exactly as those for a
REGIONAL (2) data set, and the search for a
record or space to add a record is
conducted in a similar manner.

Dummy Records
Dummy records for REGIONAL(3) data sets
with F-format records are identical with
those for REGIONAL(2) data sets.
V-format, VS-format, and U-format dummy
records are identified by the.fact that
they have dummy recorded keys «8)'1'B in
the first byte). The four control bytes in
each V-format and VS-format dummy record
are retained, but otherwise the contents of
V-format, VS-format, and U-format dummy
records are undefined.
V-format" VSformat, and U-format format records are
converted to dummy records only when a
record is deleted; they cannot be
reconverted to valid records.

Creating a Data Set

REGIONAL (3) ORGANIZATION
~ REGIONAL(3) data set differs from a
REGIONAL(2) data set (described above) only
in the following respects:

1.

Each region number identifies a track
on the direct-access device that
contains the data set; the region
number should not exceed 32767. A
region in excess of 32767 is treated
modulo 32768; 32778 is treated as 10.

2.

A region can contain one or more
records, or a segment of a VS-format
record.

3.

The data set can contain F-format, Vformat, VS-format, or U-format
records.
Dummy records can be
,crea.ted, but a data set that has Vformat, VS-format, or U-format records

A REGIONAL(3) data set can be created
either sequentially or by direct access.
In ei ther ca.se, when the fi Ie associated
with the data set is opened" the data set
is initialized with capacity records
specifying the amount of space available on
each track.
When a SEQUENTIAL OUTPUT file is used to
create the data set, records must be
presented in ascending order of region
numbers, but the same region number can be
specified for successive records. If there
is an error in the sequence, the KEY
condition will be raised.
If a track
becomes filled by records for which the
same region number was specified, the
region number is automatically incremented
by one; an attempt to add a further record
with the same region number will raise the
KEY condition (sequence error).
If a data set is created using a
buffered file, and the last WRITE or LOCATE
statement before the file is closed
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attempts to transmit a record beyond the
limits of the data set, the CLOSE statement
may raise the ERROR condi tion.
If a DIRECT OUTPUT file is used to
create the data set, the whole of the
primary extent allocated to the data set is
initialized when the data set is opened;
for F-format records, the space is filled
with dummy records, and for V-format, VSformat, and U-format records, the capacity
record for each track is written to
indicate empty tracks. Records can be
presented in random order, and no condition
is raised by duplicate keys or duplicate
region specifications. If the data set has
F-format records, each record is
substi.tuted for the first dummy record in
the region (track) specified in the source
key; i.f there are no dummy records on the
track, and an extended search is permitted
by the LIMCT subparameter, the record is
substi.tuted for the first dummy record
encountered during the search.
If the data
set has V-format, VS-format, or U-format
records, the new record is inserted on the
specified t;rack, if sufficient space is
available; otherwise, if an extended search
is permitted, the new record is inserted in
the next available space.

necessarily in the order in which they were
added to the data set; the recorded keys do
not affect the order of sequential access.
Dummy records are not retrieved.
The rules governing the relationship
between READ and REWRITE statements for a
SEQUENTIAL UPDATE file that accesses a
REGIONAL(3) data set are identical with
those for a CONSECUTIVE data set (described
above).

Direct Access
A DIRECT file that is used to process a
REGIONAL (3) data set may be opened with
either the INPUT or the UPDATE attribute.
All data transmission statements must
include source keys; the DIRECT attribute
implies the KEYED attribute.
1.

Retrieval: Dummy records are not made
available by a READ statement. The
KEY condition is raised if a record
with the specified recorded key is not
found.

2.

Addition: In a data set with F-format
records, a WRITE statement substitutes
the new record for a durrmy record in
the region (track) specified by the
source key.
If there are no dummy
records on the specified track, and an
extended search is permitted by the
LIMCT subparameter, the new record
replaces the first dummy record
encountered during the search. If the
data set has V-format, VS-format, or
U-format records, a WRITE statement
inserts the new record after any
records already present on the
specified track if space is available;
otherwise, if an extended search is
permi tted" the new record is inserted
in the next available space.

3.

Deletion: A record specified by the
source key in a DELETE statement is
converted to a dummy record. The
space formerly occupied by an F-format
record can be re-used; space formerly
occupied by V-format, VS-format, or Uformat records is not available for
re-use.

4.

Replacement: The record specified by
the source key in a REWRITE statement
must exist; a REWRITE statement cannot
be used to replace a dummy record.
When a VS-format record is replaced,
the new one must not be shorter than
the old.

Not.e that for spanned records space may
be required for overflow onto subsequent
tracks.
Once a REGIONAL(3) data set has been
created, the file that accesses it can be
opened for SEQUENTIAL INPUT or UPDATE, or
for DIRECT INPUT or UPDATE.
It can only be
opened for OUTPUT if the entire existing
data set is to be deleted and replaced.

sequential Access
SEQUENTIAL file that is used to access a
REGIONAL (3) data set may be opened with
either the INPUT or UPDATE attribute. The
data transmission statements must not
include the KEY option, but the file may
have the KEYED attribute since the KEYTO
option can be used.
The KEYTO option
specifies that the recorded key only is to
be assigned to the specified variable. If
the character-string variable specified in
the KEYTO option has more characters than
are specified in the KEYLEN subparameter,
the value returned (the recorded key) is
extended on the right with blanks; if i t
has fewer characters than specified by
KEYLEN, the value returned is truncated on
the right.

1\

Sequential access is in the order of
ascending relative tracks.
Records are
retrieved in this order, and not
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Note:

If a track contains records with
duplicate recorded keys, the record

farthest from the beginning of the
track will never be retrieved during
direct access.

of the record variable (or input and output
buffer, for locate mode), and the number of
intermediate buffers required for each
message. This information can be provided
by means of the appropriate options of the
ENVIRONMENT attribute.

TELEPROCESSING
The options, and their meanings, are:
The teleprocessing facilities of PL/I are
provided by an extension of the basic
record-oriented transmission facilities
with the addition of the TRANSIENI' file
attribute and the PENDING condition. The
implementation provides a communicating
link betwE:!en the PL/I message processing
programs llsing these features., and the
teleprocessing facili ties of the operating
system.
A teleprocessing message control program
(MCP) handles messages originating from and
destined for a number of remote terminals
or a number of PL/I message processing
programs.
Each origin or destination
associated with a message is identified by
a name ca:['ried within that message.
Messages are transmitted to and from a PL/I
message p:['ocessing program via queues in
main storage.
(These queues are supported
by corresponding intermediate queues in a
disk data set. The PL/I program has access
only to the main storage queues, by means
of intermediate buffers for each file.)
The "data set" associated with each
TRANSIENT file is in fact an input or
output message queue set up by the MCP. A
READ statement for the file will take the
next message (or the next record from the
current message) from the associated queue,
assign the data part to the variable named
in the READ INTO option (or set a pointer
to point to the data in a READ SET buffer),
and save "the origin name by ass igning i t to
the variable named in the KEYTO option.
(The PENDING condition is raised if the
input queue is empty when tne READ
statement is executed.) A WRITE or LOCATE
statement will transmit the processed
message or record to the output queue,
using the element expression specified in
the KEYFROM option to identify the
destination.

ENVIRONMENT Attribute
~ message can consist of one logical
record, or several logical records, on the
teleprocessing data set. The programmer
must specify whether a complete message
(which may be several logical records) or
only one logical record is to be
transmi tt.ed to his PL/I program at each I/O
operation. He must also specify the size

TP (M) :

Each I/O operation in the PL/I
program transmits a complete
message

TP(R):

Each I/O operation in the PL/I
program transmits one logical
record

RECSIZE:

Size of the record variable (or
input or output buffer, for locate
mode) in the PL/I program. If the
TP (M) opti on is us ed. this siz e
should, if possible, be equal to
the length of all the logical
records that constitute the
message.
If i t is smaller, part
of the message will be lost. If
it is greater, the contents of the
last part of the variable (or
buffer) are undefined. If the
TP(R) option is specified, this
size must be the same as the
logical record length.

BUFFERS:

Number of intermediate buffers
required to contain the longest
message to be transmitted. If a
message is too long for the
buffers specified" extra buffers
must be obtained before processing
can continue, which increases
execution time. The extra buffers
are obtained by the operating
system; the programroer need not
take any action.

These are the only options of the
ENVIRONMENT attribute that can be specified
for a TRANSIENl' file.

TRANSIENT Attribute
The TRANSIENT attribute, which is an
alternative to the DIRECT and SEQUENTIAL
attributes, indicates that the contents of
the data set associated with the file are
re-established each time the data set is
accessed.
In effect, this means that
records can be continually added to the
data set by one program during the
execution of another program that
continually removes records from the data
set. Thus the data set can be considered
to be a continuous queue through which the
records pass in transit between the message
control program and the message processing
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program. The queue is always accessed
sequentially.
ThE~ data set associated with a TRANSIENT
file differs from those associated with
DIRECT and SEQUENTIAL files in that its
contents are dynamic; reading a record
removes i t from the data set.
Such a data
set can never be created by a DIRECT or
SEQUENTIAL file.
(It can, however, be
accessed as a CONSECUTIVE data set by a
SEQUENTIAL file.)

The TRANSIENT attribute can be specified
only for RECORD KEYED BUFFERED files with
either the INPUT or the OUTPUT attribute.
(The EVENT option cannot be used for
Iteleprocessing operations.) The file may
also have the ENVIRONMENT attribute with
the options appropriate to teleprocessing.
For TRANSIENT files, the file name or
title must be the ddname of a DD statement.
rhe message queue data set is identified in
the DD statement by the QNAME parameter.
For a TRANSIENT OUTPUT file, the element
expression specified in the KEYFROM option
must have as its value a recognized
terminal or program identification.

Error Handling
rhe conditions that can be raised during
teleprocessing transmission are TRANSMIT,
KEY, RECORD, ERROR, and PENDING.
The TRANSMIT condition can be raised
only on input, and is as described for
other types of transmission.
The RECORD condition is raised in the
same circumstances as for other types of
transmission.
(The messages and records
are treated as V-format records.)
The ERROR condition is raised as for
other types of transmission; it is also
raised when the expression in the KEYFROM
option is missing or detectably invalid~
Note that if the expression is
syntactically valid but does not represent
an origin or a destination name recognized
by the MCP, the KEY condition is raised.
The PENDING condition can be raised only
during execution of a READ statement for a
It is raised when the
TRANSIENT file.
associated queue is empty; standard system
action is to wait at the READ statement
until a message is available. When the
PENDING condition is raised, the value
returned by the ONKEY built-in function is
a null string.
Note:
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in the ENVIRONMENT attribute, a message is
transmitted one record at a time. There is
no ON-condition or other automatic means
for detecting the end of the message; the
user is responsible for arranging the
indication of the end of the message
(possibly by using the first record as a
header giving the necessary control
informa tion.)

statements and Options
The READ statement is used for input, with
either the INTO option or the SET option;
the KEYTO option must be given. The origin
name is assigned to the variable named in
the KEYTO option. If the origin name is
shorter than the character-string variable
named in the KEYTO option, it is padded on
the right with blanks.
If the KEYTO
variable is a varying-length string" its
current length is set to that of the origin
name. The origin name should not be longer
than the KEYTO variable (if it is, it is
truncated), but in any case will not be
longer than S characters. The data part of
the message or record is assigned to the
variable named in the INTO option, or the
pointer variable named in the SET option is
set to point to the data in the READ SET
buffer.
Either the WRITE or the LOCATE statement
may. be used for output; either statement
must have the KEYFROM option -- the first
eight characters of the value of the
KEYFROM expression are used to identify the
destination. The data part of the message
is transmitted from the variable named in
the FROM option of the WRITE statement; or,
in the case of LOCATE, a pointer variable
is set to point to the location of the data
in the output buffer. When a message is
transmitted by an OUTPUT TRANSIENT file as
a number of logical records, the end of the
message must be indicated by closing the
file.
The list of sta'tements and options
permitted for TRANSIENT files is given in
tabular form in figure 12.14. Some
examples follow:
DECLARE (IN INPUT,OUT OUTPUT) FILE
TRANSIENT ENV(TP(M) RECSIZE(124»,
(INREC, OUTREC) CHARACTER(120)
VARYING, TERM CHARACTERCS):
READ FILE(IN) INTO(INREC) KEYTO(TERM);

WRITE FILE(OUT) FROMCOUTREC)
KEYFROM (TERM) :

The above example illustrates the use of
move mode in teleprocessing applications.
Note that the files IN and OUT are given
the attributes KEYED and BUFFERED because
TRANSIENT implies these attributes. The
input buffer for file IN contains the next
message Cor record from a message,
depending on the message format) from the
input queue. The input queue will also be
named IN lIDless the file has been opened
with a TPrLE option specifying a different
queue name.
The message format is
determined by the programmer, and the file
Ideclaration for IN includes this
information in the ENVIRONMENT attribute.
The READ statement causes the message or
record to be moved from the input buffer
into the variable INREC~ if the buffer is
empty when the READ statement is executed
(i.e., there are no messages in the queue),
the PENDING condition is raised. The
standard system action for the condition is
to suspend execution and wait until a
message is available. The name of the
origin is assigned to TERM.
After processing, the message or record
is held in OUTREC. The WRITE statement
moves it to the output buffer, together
with the value of TERM (which will still
contain the origin name unless another name
has been assigned to i t during processing).
From the buffer, the message will be
automatically transmi tted to the correct
queue for the destination, as specified by
the value of TERM.
Since the output queue is determined
from the destination name, the file name
OUT has no Significance outside the PL/I
program. However, the file would need the
TRANSIENT, KEYED, and BUFFERED attributes,
and the correct message format in the
ENVIRONMENT attribute.
DECLARE CIN INPUT,OUT OUTPUT) FILE
TRANSIENT ENVCTP(M) RECSIZE(124»,
MESSAGE CHARACTER(120) VARYING
BASED(INPTR),
TERM CHARACTER ( 8 ) ~

moves the processed data from the input to
the output buffer: otherwise its effect is
as described for the WRITE statement in the
first example.
The technique used in this example would
be useful in applications where the
differences between processed and
unprocessed messages were relatively
simple, since the maximum size of input and
output messages would be the same. If the
length and structure of the output message
could vary widely, depending on the text of
the input message, locate mode output could
be used to advantage~ after the input
message had been read in, a suitable based
variable could be located in the output
buffer (using the LOCATE statement), where
further processing would take place. The
message would be transmitted immediately
before execution of the next WRITE or
LOCATE statement for the file.
Note that although the EVENT option is
not permitted, data transmission could be
overlapped with processing in an MVT
operating system by means of the PL/I
multitasking facilities described in
chapter 17, "Multitasking". For example,
the processing program could consist of a
number of subtasks, each associated with a
different queue. Each subtask processes
the input from its associated queue, and
transmits output to the required
destination. As soon as the PENDING
condition is raised in a subtask, another
subtask could receive input or transmit
output.

Summary of Record-oriented Transmission
The following points cover the salient
features of record-oriented transmission:
1.

READ FILECIN) SET(INPTR) KEYTO(TERM);

A SEQUENTIAL file specifies that the
accessing, creation, or modification
of the data set records is performed
in a particular order:
CONSECUTIVE or REGIONAL data set; from
the first record of the data set to
the last record of the data set (or
from the last to the first if the
BACKWARDS attribute has been
specified).

WRITE FILE(OUT) FROM (MESSAGE)
KEYFROMCTERM)~

This example is similar to the previous
one, except that locate mode input is used;
the message data is processed in the input
buffer, using the based variable MESSAGE"
which has been declared with the pointer
variable INPTR.
(The data of the message
will be aligned on a doubleword boundary.)
Note that. the attribute TRANSIENT implies
KEYED and BUFFERED. '!be WRITE statement

INDEXED or REGIONAL(l) data set; in
ascending order of key sequence.
2.

A DIRECT file specifies that records
may be processed in random order. The
particular record is identified by a
key.

3.

Records in a data set that are
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r----------------------------------------------------------------------------------------,
File Declaration IValid statements, with options that must
IOther options that can
I appear
TRANSIENT INPUT

I also be used

IREAD FILE(file-expr) INTO(variable)
I KEYTO(character-string-variable);

I

IREAD FILE(file-expr) SETCpointer-variable)
I KEYTOCcharacter-string-variable);
TRANSIENT OUTPUT IWRITE FILECfile-expr) FROM(variable)
I KEYFROMCexpression);

I

ILOCATE variable FILECfile-expr)
I KEYFROMCexpression);

I
I
I

I SET (pointer-variable)

I

1The complete file declaration would include the attribute FILE, RECORD, KEYED,
BUFFERED, and the ENVIRONMENT attribute with either the TP(M) or the TPCR) option.

L------.--------------------------------------------_____________________________________
Figure 12.14.

Statements and options permitted for TRANSIENT files

accessed, created, or modified by a
SE:QUENTIAL file mayor may not have
recorded keys.
If they do, the
recorded keys may be extracted from
the data set or placed into the data
SE~t by the KEYTO and KEYFROM options.
REGIONAL(1) data sets may also be
retrieved or created using the KEYTO
and KEYFROM options respectively; the
region number is specified as the key.
4.

INDEXED KEYED files opened for
SEQUENTIAL INPUT and SEQUENTIAL UPDATE
may be positioned to a particular
record within the data set either by a
RE:AD KEY or a DELETE KEY operation
that specifies the key of the desired
record. Thereafter, successive READ
statements without the KEY option will
access the following records in the
data set sequentially.

5.

Existing records of a data set in a
SEQUENTIAL UPDATE file can be
modified, ignored, or, if the data set
is INDEXED, deleted. The DELETE
st~atement used without the KEY option
for this type of file specifies that
the last record read is to be deleted.
(If the DELETE statement is used with
a SEQUENTIAL file, the data set must
have INDEXED organization.) The DELETE
statement can be used with the KEY
option to delete a specific record in
a DIRECT UPDATE file; also, records
can be added to such a file by means
of the WRITE statement. An existing
record in an UPDATE file can be
replaced through use of a REWRITE
st:atement.

6.
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When a file has the DIRECT, INPUT or
UPDATE, and EXCLUSIVE attributes, i t
is possible to protect individual
records that are read from the data
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set. For an EXCLUSIVE file, any READ
statement without a NOLOCK option
automatically locks the record read~
No other task operating upon the same
data set can access a locked record
until it is unlocked by the locking
task. The record is protected from
access by tasks in other jobs, as well
as by those within the same joe as the
locking task. Any task referring to a
locked record will wait at that point
until the record is unlocked. A
record can be explicitly unlocked by
the locking task through execution of
a REWRITE, DELETE, UNLOCK, or CLOSE
statement. Records are unlocked
automatically upon completion of the
locking task. The EXCLUSIVE attribute
applies to the data set and not the
file.
Consequently, record protection
is provided even when all tasks refer
to the data set through use of
different files.
7.

A WRITE statement adds a record to a
data set, while a REWRITE statement
replaces a record. Thus, a WRITE
statement may be used with OUTPUT
files, and DIRECT UPDATE files, but a
REWRITE staten~nt may be used with
UPDATE files only. Moreover, for
DIRECT files, a REWRITE statement uses
the KEY option to identify the
existing record to be replaced; a
WRITE statement uses the KEYFROM
option, which not only specifies where
the record is to be written in the
data set, but also specifies, except
for REGIONllL(l) , an identifying key to
be recorded in the data set.

8.

Records of a SEQUENTIAL INPUT or
SEQUENTIAL UPDATE file can be skipped
over and ignored by use of the IGNORE
option of a READ statement. The

exprE~ssion of the IGNORE option
specifies the number of records to be
skipped.
A READ statement in which
only the FILE option appears indicates
that one record is to be skipped.

9.

Teleprocessing support is provided by
an extension of the basic recordoriented transmission facilities.
TRANSIENT files are associated with
queues of messages either incoming
from or outgoing to remote terminals.
such files must be KEYED and BUFFERED,
and the ENVIRONMENT attribute may be
used to specify the message format.
TRANSIENT files can be accessed by
READ" WRITE, and LOCATE statements,
which cannot have the EVENT option.

RECORD" and SEQUENl'IAL (the last two
attributes are implied by BUFFERED). Scope
is EXTERNAL, by default. The data set is
of INDEXED organization, and it contains
fixed-length records of 100 bytes each.
Four buffers are to be allocated for use in
accessing the data set.
Note that although
the data set actually contains recorded
keys, the KEYTO option cannot be specified
in a READ statement, since the KEYED
attribute has not been specified.
Note that for both of the above
declarations, all necessary attributes are
either stated or implied in the DECLARE
statement.
None of the attributes can be
changed in an OPEN statement or in a DD
statement. The second declaration might
have been written:
DECLARE INVNTRY
ENVIRONMENT(F RECSIZE(100)
INDEXED) ;

Examples of Declarations for Record

Files

With such a declaration, INVNTRY can be
opened for different purposes.
It could,
for example, be opened as follows:

Following are examples of declarations of
file cons'tants including the ENVIRONMENT
attribute:

OPEN FILE (INVNTRY)
UPDATE SEQUENTIAL BUFFERED;

DECLARE FILE#3 INPUT DIRECT
:ENVIRONMENT (V BLKSI ZE (328)
REGIONAL ( 3»;
This declaration specifies only three file
attributes: INPUT, DIRECT, and ENVIRONMENT.
Other implied attributes are FILE (implied
by any of the attributes) and RECORD and
KEYED (implied by DIRECT).
Scope is
EXTERNAL, by default. The ENVIRONMENT
attribute specifies that the data set is of
the REGIONAL(3) organization and contains
unblocked varying-length records with a
maximum length of 328 bytes.
Note that a
maximum length record will contain only 320
bytes of data to be used by the program,
because 8 bytes are required for control
information in such V-format records. The
KEY option must be specified in each READ
statement that refers to this file.
DECLARE INVNTRY UPDATE BUFFERED
ENVIRONMENT (F RECSIZE(100)
INDEXED BUFFERS(4»;
This declaration also specifies only three
file attributes: UPDATE, BUFFERED, and
ENVIRONMENT. Implied attributes are FILE,

With this OPEN statement, the file
attributes would be the same as those
specified (or implied) in the DECLARE
statement in the second example above (the
number of buffers would have to be stated
in the associated DD statement). The file
might be opened in this way, then closed,
and then later opened with a different set
of attributes,. for exampl e:
OPEN FILE (INVNTRY)
INPUT SEQUENTIAL KEYED;
This OPEN stateroent allows records to be
read with either the KEYTO or the KEY
option. Because the file is SEQUENTIAL and
the data set is INDEXED, tbe data set may
be accessed in a purely sequential manner;
or, by means of a READ statement with a KEY
option, it may be accessed randomly. A KEY
option in a READ statement with a file of
this description causes a specified record
to be obtained.
subsequent READ statements
without a KEY option access records
sequentially, beginning with the next
record.
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Chapter 13: Editing and String Handling

The data manipulations performed by the
arithmetic, comparison, and bit-string
operators are extended in PL/I by a variety
of string-handling and editing features.
rhese fea.tures are specified by data
attributes, statement options, built-in
functions, and pseudovariables.
The following discussions give general
descriptions of each feature" alonJ with
i llustrat.i ve examples.

If the assigned string is shorter than
the length declared for the receiving
string variable, the assigned string is
extended on the right either with blanks,
in the case of a character-string variable,
or with zeros, in the case of a bit-string
variable. Assume SUBJECT still has the
attributes CHARACTER (10). Then the
following two statements assign equivalent
values to SUBJECT:
'PHYSICS':

SUBJECT

SUBJECT = 'PHYSICSbbb';

Editing by Assignment

The letter

rhe most fundamental form of editing
performed by the assignment statement
involves converting the data type of the
value on the right-hand side of the
assignment symbol to conform to the
attributes of the receiving variable.
Because the assigned value is made to
conform t~o the attributes of the recei ving
variable, the precision or length of the
assigned value may be altered.
Such
alteration can involve the addition of
digits or characters to and the deletion of
digits or characters from the converted
item. The rules for data conversion are
discussed in chapter 4, "Expressions and
Data conversions", and in section F, "Data
Conversion and Expression Evaluation".

ALTERING THE LENGTH OF STRING DATA
When a value is assigned to a string
variable, it is converted, if necessary, to
the same string type (character or bit) as
the recei.ving string. If necessary, it is
truncated or, for fixed-length receiving
strings, extended on the right to conform
to the declared length of the receiving
string.
For example, assume SUBJECT has
the attributes CHARACTER (10), indicating a
fixed-length character string of ten
characters. Consider the following
statement~ :
SUBJECT

=

'TRANSFORMATIONS':

The lengt:h of the string on the right is
fifteen characters: therefore, five
characters will be truncated from the right
end of the string when i t is assigned to
SUBJECT. This is equivalent to executing:
SUB:rECT = 'TRANSFORMA':

~

indicates a blank character.

Let CODE be a bit-string variable with
the attributes BIT(10). Then the following
two statements assign equivalent values to
CODE:
CODE
CODE

=
=

'110011'B:
'1100110000'B:

Note, however, that the following
statements do not assign equivalent values
to SUBJECT if it has the attributes
CHARACTER (10):
SUBJECT

=

'110011'B;

SUBJECT = "1100110000'B;
When the first statement is executed, the
bit-string constant on the right is first
converted to a character string and is then
extended on the right with blank characters
rather than zero bits. This statement is
equivalent to:
SUBJECT = '110011bbbb':
The second of the two statements
requires only a conversion from bit-string
to character-string type and is equivalent
to:
SUBJECT = '1100110000';
A string value, however, is not extended
with blank characters or zero bits when i t
is assigned to a string variable that has
the VARYING attribute. Instead, the length
specification of the receiving string
variable is effectively adjusted to
describe the length of the assigned string.
Truncation will occur, though. if the
length of the assigned string exceeds the
maximum lengt:h declared for the varyinglength string variable.
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OTHER FORMS OF ASSIGNMENT
In addition to the assignment statement,
PL/I provides other ways of assigning
values to variables. Among these are two
methods that involve input and output
statements: one in which actual input and
output operations are performed, and one in
which data movement is entirely internal.

list are to be obtained from the specified
character string. The PUT statement
specifies that data items of the data list
are to be assigned to the specified
character-string variable. The "dataspecification" is the same as described for
input and output.
In general, it takes one
of the following forms:
DATA [(data-list)]
[LIST]

Input and Output Operations
the assignment statement is
concerned with the transmission of data
between storage locations internal to a
computer, input and output operations can
also be treated as related forms of
assignment in which transmission occurs
between the internal and external storage
facilities of the computer.
~lthough

Record-oriented operations, however, do
not cause any data conversion of items in a
logical record when it is transmitted.
Required editing of the record must be
performed within internal storage either
before the record is written or after i t is
read.
Stream-oriented operations, on the other
hand, do provide a variety of editing
functions that can be applied when data
items are read or written.
These editing
functions are similar to those provided by
the assignment statement, except that any
data conversion always involves character
type, conversion from character type on
input, and conversion to character type on
output.

STRING Option in GET and PUT Statements
The STRING option in GET and PUT statements
allows the statements to be used to
transmit data between internal storage
locations rather than between the internal
and external storage facilities.
In both
GET and PUT statements, the FILE option,
specified by FILE (file-expr) , is replaced
by the STRING option, as shown in the
following formats:

EDIT

( d at a--l is t)
{(data-list)

(forrrat-list) l ...

Although the STRING option can be used
with each of the three modes of streamoriented transmission, i t is most useful
with edit-directed transmission" which
considers the input stream to be a
continuous string of characters.. For listdirected and data-di rected GET st atements,
individual items in the character string
must be separated by commas or blanks; for
data-directed GET statements, the string
must also include -the transmissionterminating semicolon, and each data item
must appear in the form of an assignment
statement. Edit-directed transmission
provides editing facilities by means of the
format list. Note that the COLUMN control
format option may not be used with the
STRING option.
The NAME condition is not raised f~r a
GET DATA statement with the STRING option.
Instead, the ERROR condition is raised for
situations that would cause the NAME
condition to be raised for a GET DATA
statement with the FILE option.
The STRING option permits data gathering
or scattering operations to be performed
with a single statement, and it allows
stream-oriented processing of character
strings that are transmitted by recordoriented statements. Consider the
following statement:
PUT STRING (RECORD) EDIT
(NAME, PAY#, HOURS*RATE)
(A( 12), A( 7), P' $999V. 99' );

PUT STRING (character-string-variable)
data specification;

This statement specifies that the
character-string value of NAME is to be
assigned to the first (leftmost) 12
character positions of the string named
RECORD, and that the character-string value
of PAY# is to be assigned to the next seven
character positions of RECORD. The value
of HOURS is then to be multiplied by the
value of RATE, and the product is to be
edited into the next seven character
posi tions, according to the picture
s peci fication.

The GET statement specifies that data items
to be assigned to variables in the data

Frequently, it is necessary to read
records of different formats, each of which

GET STRING (character-stringexpression)
data specification;
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gives an indication of its format within
the record by the value of a data item.
rhe STRING option provides an easy way to
handle such records; for example:

formats. A picture specification consists
of a sequence of character codes enclosed
in quotation marks which is either part of
the PICTURE attribute., or part of the P
(picture) format-item:

READ FILE (INPUTR) INTO (TEMP);
GET STRING (TEMP) EDIT (CODE) (F(l»;
IF CODE -.= 1 THEN GO TO OI'HER TYPE;
GET STRING (TEMP) EDIT (X,y,zT
(XC1), 3 FC10,4»;
The READ statement reads a record from the
input file INPUTR. The first GET statement
uses the STRING option to extract the code
from the first byte of the record and to
assign it: to CODE. The code is tested to
determinE~ the format of the record.
If the
code is 1, the second GET statement then
uses the STRING option to assign the i terns
in the record to X,Y, and Z.
Note that the
second GET statement specifies that the
first character in the string TEMP is to be
ignored (the X(1) format item in the format
list).
Each GET statement with the STRING
option always specifies that the scanning
is to begin at the first character of the
string.
ThUS, the character that is
ignored in the second GET statement is the
same character that is assigned to CODE by
the first: GET statement.
In a similar way, the PUT statement with
a STRING option can be used to create a
record wi. thin internal storage.
In the
following example, assume that the file
OUTPRT is eventually to be printed.
PUT STRING (RECORD) EDIT
(NAME, PAY#, HOURS*RATE)
(X(l), A(12), X(10)" A(7), X(10),
P'$999V.99');
WRI']~E

FILE (OUTPRT) FROM (RECORD);

The PUT statement specifies, by the X (1)
spacing format item, that the first
character assigned to the character-string
variable is to be a single blank, the ANS
carr iage-·control code that specifies a
single space before printing. Following
that, the values of the variables NAME and
PAY# and of the expression HOURS*RATE are
assigned., The format list specifies that
ten blank characters are to be inserted
between NAME and PAY# and between PAY# and
the expression value. The WRITE statement
specifies that record transmission is to be
used to \~ite the record into the file
OUTPRT.

PICTURE SPECIFICATION
Picture specifications extend the editing
facilitiE~s available in PL/I, and provide
the user with greater control over his data

DECLARE PRICE

PICTURE'$Z9V99';

PUT FILE (SYSPRINT)

EDIT
C' PART NUMBER', PART #)
(A (12), P' AAA 9 9X' ) ;

Picture specifications are of two types:
•

numeric character specificatons

•

character-string picture specifications
A numeric character specification in a
PICTURE attribute indicates that the
data item represents a numeric quantity
but that it is to be stored as a
character-string, and indicates how the
numeric value is to be represented in
the string. A numeric character
specification in a P format item
indicates how a numeric value is, or is
to be, represented as a character-string
on the external medium.

A character-string picture specification
is an alternative way of describing a
fixed-length character string. with the
additional facility of indicating that any
position in the string may only contain
characters from certain subsets of the
complete set of characters available on the
.operating system.
The concepts of the two types of picture
specifications are described separately
below, and a detailed description of each
picture character, together with examples
of its use, appears in s~ction 0, "Picture
Specification Characters".
It is
sufficient here to note that the presence
of an A or X picture character defines a
picture specification as a character-string
picture specification; otherwise, i t is a
numeric character specification.

Numeric Character Specifications
A numeric character specification specifies
that the associated data iterr has a numeric
value but is to be stored (or is to be
represented in the external rredium) as a
character string. It also specifies the
form the character string is to take, and
exactly how the numeric value is
represented in the string.
For example:
DCL PRICE PICTURE ' $Z9V99';
This specifies that PRICE is to be
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represented by a character-string of length
5. The first character is always $, the
second will be a blank or non- zero digit,
and the third, fourth and fifth characters
will be digits. The numeric value is
indicated by the four characters which can
represent digits, a decimal point being
assumed in the position indicated by the V;
hence i t is regarded as FIXED DECIMAL
(Q,2), and is always positive. 13.2S is
represented as '$132S' and .95 as '$b09S'.
The numeric character specification has
two major uses:
•

For data items which will be concerned
with input/output operations (although
they may be used anywhere in a program
where numeric data can occur). However,
most numeric operations on pictured data
are considerably less efficient than the
same operations on coded numeric data.

•

The second use stems from the fact that
a pictured data item effectively has two
values. When the item is used in a
numeric context, the numeric value is
obtained from or stored into the
character-string by the conversion
process defined by the picture
specification; when the item is used as
source data in a context where a
character-string expression is required,
the actual character-string which
represents the value is used. For
example:
DCL COUNT PICTURE'999' INITIAL(O),
STRING CHAR (3);
COUNT = COUNT +1;
STRING = COUNT;
The initial representation of COUNT is
'000'. In the first assignment
sta·tement, this is converted to FIXED
DECIMAL (3,0), the addition is
performed, and the result is converted
back to the pictured form '001'.
In the
second assignment statement the value of
string is set to '001'.

is a digit (zero through nine). The
numeric value is the value of the digits as
an unsigned decimal number (i. e,., FIXED
DECIMAL (n,O». For example:
DCL DIGIT PICTURE' 9'
COUNT PICTURE'999',
XYZ PICTURE '(10) 9';
The last example shows an alternative way
of writing the picture specification 9 t.en
times.
Example of use:
DCL 1 CARD IMAGE,
2 DATA CHAR (72),
2 IDENTIFICATION CHAR(3),
2 SEQUENCE PIC' 99999' ;

SEQUENCE = SEQUENCE + 1;
WRITE FILE( OUTPUT) FROM (CARD_IMAGE) ;
(Note that the definition of '9' in a
character-string picture is different in
that the corresponding character can be
blank or a digit.)

Picture Characters Z *
It is often preferable to replace leading
zeros in numbers by blanks.
In pictures
this is accomplished by using the Z picture
specification character. A picture
specification containing only ZS and 9s has
one or more Zs optionally followed ty one
or more 9s. The representation of numeric
data is as for the '9' picture
speCification except that if the digit to
be held would otherwise be zero and if all
digit positions to the left would also be
zero, then the character-string will
contain a blank in this position. For
example:
DCL PAGE_NUMBER PICTURE'ZZ9';

Note particularly that the character
context includes defining. A numeric
cha:racter data-item may be defined on a
character-string and vice versa.

Picture Character '9' in Numeric
Charac·ter Specifications
The picture character' 9' is the simplest
form of numeric character specification. A
string of n '9' picture characters
specifies that the item is to be
represented by a fixed-length characterstring of length n, each character of which
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The value 197 is held as '197', 69 as
'b69', S as 'bbS' and zero as 'bbO'. With
a picture specification of all Zs, the
value zero is held as an all-blank string.
The asterisk picture specification
character has the same effect as the Z
character except that an * is held in the
string instead of a blank. This can be
used, for example, when printing checks,
when it is desired not to leave blank
spaces within fields.
For example:
DCL CREDIT PICTURE '$**9.99';
(The $ and (.)

characters are described

below.) A value of 95 is held as '$**0.95';
a value of 12350 is held as '$123.50 J •

DECLARE RATE PICTURE' 9V99 .99';
Let RATE be used as follows:
RATE = 7.62;

Picture Character V
When this statement is executed, decimal
point alignment occurs on the character V
and not the decimal point picture character
that appears in the picture specification
for RATE.
If RATE were printed, it would
appear as '762.00', but its arithmetic
value would be 7.6200.

The V picture specification character
indicates the position of an assumed
decimal point within the character-string.
For example:
DCL VALUE PICTURE'Z9V999';
The string '12345,1 represents the numeric
value 12.345.
Note that the V character in
the picture specification does not specify
a character position in the characterstring representation. In particular, on
assignment to the data item a decimal point
is not included in the character string.

Insertion. Picture Characters B.

/

decimal point picture character(.) can
appear in. a numeric picture specification.
It merely indicates that a point is to be
included in the character representation of
the value. Therefore, the decimal point is
a part of its character-string value. The
decimal point picture character does not
cause decimal point alignment during --assignment; it is not a part of the
variable's arithmetic value. Only the
character V causes alignment of decimal
points.
For example:

~

DECLARE SUM PICTURE '999V.99 1 ;
SUM is a numeric character variable
represent,ing numbers of fi ve digits with a
decimal point assumed between the third and
fourth digits. The actual point specified
by the decimal point insertion character is
not a part of the arithmetic value; i t is,
however, part of its character-string
value.
(The decimal point picture
character can appear on either side of the
character V.
In certain contexts the two
forms have different meanings but V. is
recommended in most cases.
See section D,
"Picture specification Characters.") The
following two statements assign the same
character string to SUM:

Unlike the character V, which can appear
only once in a picture specification, the
decimal point picture character can appear
more than once; this allows digit groups
within the numeric character data item to
be separated by points, as is common in
Dewey decimal notation and in the numeric
notations of some European countries.
Because a decimal point picture
character causes a period character to be
inserted into the character-string value of
a numeric character data item, it is called
an insertion character. PL/I provides
three other insertion characters:
comma
C,,), slash (/), and blank (B) •
Consider the
following statements:
DECLARE RESULT PICTURE '9,.999.999, V99';
RESULT = 1234567;
The character-string value of RESULT would
be '1.234.567,00'. Note that decimal point
alignment occurs before the two rightmost
digit positions, as specified by the
character V.
If RESULT were assigned to a
coded arithmetic field, the value of the
data converted to arithmetic would be
1234567.00.
If a point" comma or slash picture
character appears with a string of Z or *
zero suppression characters, then if all
previous digits in the string are
suppressed, the insertion character is
suppressed to blank or '*'.
The B character differs from the other
three in that a blank is always inserted in
the corresponding position of the character
string, even within a string of * zero
suppression characters.

SUM = 123;
Picture Character $
SUM

123.00;

In the first statement, two zero digits are
added to the right of the digits 123.
Note t;he effect of the following
declaration.

The $ picture character controls the
appearance of the currency symbol $ in
specified positions of numeric character
data items. For example a dollar sign can
be appended to the left of a numeric
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charac·ter item, as indicated in the
following statements:
DECLARE PRICE PICTURE '$99V.99'i
PRICE

= 12.45;

The character-string value of PRICE is
equivalent to the character-string constant
'$12.45'. Its arithmetic value, however,
is 12./-1-5.

specifies a character in the characterstring representation which will hold a
digit and sign, in the representation
described above, i4e., 12-punch
superimposed on 0, or on 1 through 9 (A
through I) for positive, 11-punch
superimposed on 0, or on 1 through 9 (J
through R) for negative. It can appear
anywhere a '9' picture specification
character could have occurred. For
example:
DCL CREDIT PICTURE 'ZZV9T'i

Sign Specification in Numeric Character
Specifications

The character-string representation of
CREDIT is 4 characters. +21.05 is held as
'210E-. ~0.07 is held as 'bbOP-.

There are several ways in which signed
information may be held in a numeric
character data item. The simplest of these
is the S character specification. This
specifies a character in the characterstring representation which contains'+' if
the value is positive or zero, and '_I if
the value is negative. It must occur
either to the right or to the left of all
digit positions. For example:

The I picture specification character
specifies a character position which holds
the representation of a digit overpunched
with a 12-punch if the value is positive or
zero, but just a digit if the value is
negative.

DCL ROOT PICTURE 'S999';
50 is held as '+50', zero as '+000' and
-243 as '-243'. Similarly the '+' picture
charac·ter specifies a corresponding
character position containing '+' for
positive or zero, and blank for negative
values; the '_I picture character specifies
a corresponding character position
containing blank for positive or zero, and
,_, for negative values.

The R picture specification character
specifies a character position which hold
the representation of a digit overpunched
with an 11-punch if the value is negative,
but just a digit if the value is positive.
For example:
GET EDIT (X)

(p'

R99')

i

will set X to (+) 132 on finding '132' in
the next 3 positions of the input stream,
but -132 on findincJ ·'J32'.

Other Numeric Character Facilities
overpw1ched Sign Specification
Characters, T I R
An alternative way of representing Signed
values " which does not require an
additional character in the string, is by
an overpunched sign specification. This
representation has arisen from the custom
of indicating signs in numeric data held on
punched cards, by superimposing a 12-punch
(to represent +) or an 11-punch (to
represent -) on top of a column containing
a digit (usually the last one in a field).
The resulting card-code is, in most cases,
the same as that for an alphabetic
charac·ter (e. g., 12-punch superimposed on 1
through 9 gives A through I, 11-punch
superimposed on 1 through 9 gives J through
R). The 12-0 and 11-0 combinations are not
characters in the PL/I set but are within
the se·t of characters accepted by the
operating system.
The T picture specification character
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Further details on the use of the above
picture specification characters, together
with details of picture specification
characters for floating signs and currency
symbols, and floating point values, appear
in section 0, "Picture specification
Characters" •
The full list of numeric character
specification characters is:
9 , V, Z , * , y , (. ) ., (, ) , / , B , S , + , -, $, CR , DB , T, I , R,
K,E,F of which all except K,V,F specify the
occurrence of a character in the characterstring representation.

Character-String Picture Specifications
A character-string picture specification is
an alternative way of describing a fixedlength character string., with the
additional facility of indicating that any

position in the string may only contain
characters from certain subsets of the
complete set of available characters.
A character-string picture specification
is recognized by the occurrence of an A or
X picture specification character. The
only valid characters in a character-string
picture specification are X, A, and 9.
Each of these specifies the presence of one
character position in the character-string
which can contain the following:
X

any character recognized by the
particular implementation (i.e.,
all 256 possible bit combinations
represented by the 8-bit byte).

A

CLny alphabetic character, #,
or blank.

9

any digit, or blank.
Note the
difference from the 9 picture
specification character in numeric
character specifications.

0),

$,

When a character-string value is assigned,
or transferred" to a pictured characterstring data item, the particular character
in each position is checked for validity,
as specified by the corresponding picture
specifica.tion character, and the CONVERSION
condition is raised for an invalid
character. For example:
DECLARE PART# PICTURE 'AAA99X';

DECLARE 1 PERSONNEL RECORD,
2 NAME, 3 LAST CHARACTER(15),
3 FIRST CHARACTER(10),
3 MIDDLE CHARACTER(l),
2 CODE STRING,
3 MALE BIT ( 1) ,
3 SECRETARIAL BIT(l),
3 AGE,
4 (UNDER 20,
TWENTY TO 30,
OVER_30) BIT(l),
3 HEIGHT,
4 (OVER 6,
FIVE-SIX TO 6,
UNDER_5_6) BIT(l),
3 WEIGHT,
4 (OVER 180,
ONE TEN TO 180,
UNDER_110)-BIT(1),
3 EYES,
4 (BLUE,
BROWN,
HAZEL,
GREY,
OTHER) BIT (1) ,
3 HAIR,
4 (BROWN,
BLACK,
BLOND,
RED,
GREY,
BALD) BIT (1) ,
3 EDUCATION,
4 (COLLEGE,
HIGH SCHOOL,
GRAMMAR_SCHOOL) BIT(l);

The following values are valid for
assignment to PART#.
'ABC12M'
'bbb09/ '
'XYZb13,
The following values are not (the invalid
characters are underscored);
, AB123M"
, ABCl./2'
• Mb#~5; "

This structure contains NAME, a minor
structure of character-strings, and
CODE STRING, a minor structure of bitstrings. By default, the elements of
PERSONNEL-RECORD have the UNALIGNED
attribute. consequently, CODE_STRING is
mapped with eight elements per byte, that
is, in the same way as a bit-string of
length 25.

Each of the first two bits of the string
represents only two alternatives: MALE or
..,MALE and SECRETARIAL or ..,SECRETARIAL. The
other categories (at level 3) list several
a.1terna ti ves each.
(Note that the level
number 4 and the attributes BIT(l) are
factored for each category.)

Bit-string Handling
The following examples illustrate some of
the facilities of PL/I that can be used in
bit-string manipulations.

The following portion of a program might
be used with PERSONNEL_RECORD:
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INREC: READ FILECPERSON}
INTO (PERSONNEL RECORD);
IF (~MALE & SECRETARIAL
& UNDER 20
& UNDER-5 6
& UNDER:IIo
& BLUE
& (HAIR. BROWN I BLOND}
& HIGH SCHOOL)
I (MALE & ~SECRETARIAL
& OVER 30
& OVER-6
& OVER:180
& EYES.GREY
&

B~~LD

& COLLEGE)
THEN PUT LIST (NAME);
GO TO INREC;
Another way to program the same
information retrieval operation is as
follows:
PERS_STRING BIT (25) DEFINED
CODE_STRING;

D1~CLARE

II~

PERS STRI N.'i
=-'0110000100110000100000010'B
THEN GO TO OUTP;

such as when a man is described as having
grey hair and being bald, he would be
selected by the first method but not by the
second. The second method also has the
disadvantage that if a further item of
data, such as another colour of hair, were
to be added, the bit string constants would
have to be changed in every comparison,
whereas the first method requires that only
the comparisons in which the new item is
used need to be changed.
If the second method were used, an
improvement cou Id be made by using
combinations of bits to denote each
characteristic, rather than single bits.
For instance, the minor structure HAIR
could be replaced by a bit string length 3
at the same level in the structure and,
'OOO'B could represent bald,'001'B greyhaired, '010'B red-haired, etc. This would
reduce length required for PERS_STRING from
25 to 16 bits, and would obviate the
possibility of conflicts such as that
between bald and grey-haired.
The tests might also be made with a
series of IF statements, either nested or
unnested, in which each bit would be tested
with a single IF statement.

IF PERS STRING
=-'Ol10000100110000001000010'B
THEN GO TO OUTP;
II? PERS STRING
=-'1000110010000010000001100'B
THEN GO TO OUTPi
GO TO INREC;
OUTP:

PUT LIST (NAME);
GO TO INREC;

In this example, the bit string PERS STRING
is defined on the minor structure CODE
STRING. Bit-string constants are
constructed to represent the values of the
information being sought. The bit string
then is compared, in turn, with each of the
bit-string constants. Note that the first
and second constants are identical except
that the first tests for brown hair and the
second tests for blond hair. These two
variations are specified in the fJ.rst
example by (HAIR.BROWNIBLOND).
Note that the second method of testing
PERSONNEL RECORD could not be used if the
structure-were ALIGNED (the base identifier
for oVlerlay defining must be UNALIGNED).
The first method, if i t were used, would be
more efficient with an ALIGNED structure.
The second method has the disadvantage
that the 25 bits in PERS STRING have to
match the bit-string constant exactly.
This means that in an abnormal situation,
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St ring Built-in Functions
PL/I provides a number of built-in
functions, some of which also can be used
as pseudovariables, to add power to the
string-handling facilities of the language.
Following are brief descriptions of these
functions (more detailed descriptions
appear in section G, "Built-in Functions
and Pseudovariables").
The BIT built-in function specifies that
a data item is to be converted to a bit
string. The built-in function allows a
programmer to specify the length of the
converted string, overriding the length
that would result from the standard rules
of data conversion.
The CHAR built-in function is exactly
the same as the BIT built-in function,
except that the conversion is to a
character string whose length may be
specified by the programmer.
The SUBSTR built-in function, which can
also serve as a pseudovariable in a
receiving field, allows a specific
substring to be extracted from (or assigned
to in the case of a pseudovariable) within
a specified string value.
The INDEX built-in function allows a
string, either a character string or a bit

string, to be searched for the first
occurrence of a specified substring, which
can be a single character or bit. The
val ue returned is the location of the first
character or bit of the substring, relative
to the beginning of the string.
The value
is expressed as a binary integer. If the
substring does not occur in the specified
string, the value returned is zero.
The LENGTH built-in function gives the
current length of a character string or bit
string.
It is particularly useful with
strings that have the VARYING attribute.
The HIGH built-in function provides a
string of a specified length that consists
of repeated occurrences of the highest
character in the collating sequence. For
these implementations, the character is
hexadecimal FF.

DECLARE (W,X,Y,Z) CHAR (3);
X=' ABC" ;
Y='TAR' ;

The REPEAT built-in function permits a
string to be formed from repeated
occurrences of a specified substring. It
is used to create string patterns.

Z='CAB';

w = TRANSLATE (X,Y,Z);

The STRING bUilt-in function, which can
also be used as a pseudovariable,
concatenates all the elements in an
aggregate variable into a single string
element.

/* W = 'ART' */

The BOOL built-in function allows any of
the 16 different Boolean operations to be
applied to two specified bi t strings.
The UNSPEC built-in function, which can
also be used as a pseudovariable, specifies
that the internal coded representation of a
value is to be regarded as a bit string
with no conversion. For example:
= ARRAY (UNSPEC (' A'

»;

The TRANSLATE built-in function changes
specified character elements in a string
for specified replacement character
elements. The 'replacement' elerr.ent is
inserted into t~e 'position' in the string
occupied by the element to be replaced.
This built-in function enables the
programmer to use a translation facility
whereby all the characters in a given
string are translated according to a
translation table contained in two other
strings. One of these strings serves as a
key to the replacement characters held in
the other string. For example:

The LOW built-in function provides a
string of a specified length that consists
of repeated occurrences of the lowest
character in the collating sequence. For
these implementations, the character is
hexadecimal 0 o.

x

In this statement the internal
representation of the character 'A' is for
these implementations a string eight bits
in length. This bit string is converted to
a fixed binary arithmetic value, and used
as a subscript for the array.
(The decimal
value of this particular subscript is 193).

The VERIFY built-in function compares
two strings to check whether the bits or
characters in one string occur anywhere in
the other string. If all the characters or
bits in one string are detected in the
second string, a value of '0' is returned.
If a character or bit does not occur in the
second string., a value representing the
position of this character or bit in the
first string is returned.
The first string is verified from left
to right. A position value for the first
unmatched bit or character only is
returned.
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Chapter 14: Exceptional Condition Handling and Program Checkout

When a PL/I program is executed, a large
number Qf exceptional conditions are
monitored by the system and their
occurrences are automatically detected
whenever ·they arise. These exceptional
conditions may be errors, such a'.; overflow
or an input/output transmission error, or
they may be conditions that are expected
but infrequent, such as the end of a file
or the end of a page when output is being
printed.
When checking out a program, a
programmer can also get a selective flow
trace and dumps by specifying that the
occurrenc{e of anyone of a list of
identifiers be treated as an exceptional
condition.
Each o:f the conditions for which a test
may be made has been given a name, and
these names are used by the programmer to
control the handling of exceptional
conditions.
The list of condition names is
part of the PL/I language.
For keyword
names and descriptions of each of the
conditions, see section H, "ON-Conditions."
The si·tuations in which these conditions
occur is the same for both the optimizing
and the checkout compilers. The enabling
of these conditions, and the specifying of
the action required when a condition is
raised, are described in this chapter.
With the checkout compiler, the
facilities for making values available to
the programmer during execution are greatly
extended. These facilities are described
in chapter 15, "Execution-time Facilities
of the Checkout Compiler".

The most common system action is to
raise the ERROR condition.
This provides a
common condition that may be used to check
for a number of different types of errors,
rather than checking each e~ror type
individually. Standard system action for
the ERROR condition depends on the
processing mode:
Batch processing (optimizing and checkout
compilers):
If the condition is raised
in the major task, the FINISH condition
is raised and the program is
subsequently terminated.
If it is
raised in a subtask, that task is
terminated.
Conversational processing (checkout
compiler only): Control is passed to
the terminal.
The programmer may specify whether or
not some conditions are to be enabled, that
is, are to be checked for so that they will
cause an interrupt when they arise. If a
condition is disabled, an occurrence of the
condition will not cause an interrupt.
Under the checkout compiler, the SIZE,
STRINGRANGE, and SUBSCRIPTRANGE conditions
are continuously monitored, whether enabled
or not.
All input/output conditions and the
ERROR, FINISH, and AREA conditions are
always enabled and cannot be disabled. All
of the computational conditions and the
program checkout conditions may be enabled
or di sabled. The prOJ ram checkout
conditions and the SIZE condition must be
explicitly enabled if they are to cause an
interrupt; all other conditions are enabled
by default and must be explicitly disabled
if they are not to cause an interrupt when
they occur.

Enabled Conditions and Established
Action
~ condition that is being monitored, and
the occurrence of which will cause an
interrupt, is said to be enabled. Any
action specified to take place when an
occurrenc,e of the condition causes an
interrupt, is said to be established.

Most conditions are checked for
automatically, and when they occur, the
system will take control and perform some
standard action specified for the
condition. Such conditions are enabled by
default, and the standard system action is
established for them.

Chapter 14:

Condition Prefixes
Enabling and disabling can be specified for
the eligible conditions by a condition
prefix. A condition prefix is a list of
one or more condition names, enclosed in
parentheses and separated by commas, and
connected to a statement (or a statement
label) by a colon. The prefix always
precedes the statement and any statement
labels. For example:
(SIZE):

Ll:

X=(I**N)/(M+L);
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A condition name in a prefix list indicates
that the corresponding condition is enabled
within the scope of the prefix.
The name of a condition used in a prefix
can be preceded by the word NO, without a
separating blank or connector, to indicate
that the corresponding condition is
disabled. For example:
(NOCONVERSION) :

Y=A II Bi

scope of the Condition Prefix
The scope of the prefix, that is, the part
of the program throughout which it applies"
is usually the statement to which the
prefix is attached. The prefix does not
apply to any functions or subroutines that
may be invoked in the execution of the
statement.
A condition prefix to an IF statement
applies only to the evaluation of the
expression following the IF: it does not
apply to the statements in the THEN or ELSE
clauses, although these may themselves have
prefixes. Similarly, a prefix to the ON
statement has no effect on the statements
in the on-uni t.
A condi tion prefix to a 00
statement applies only to the evaluation of
any expressions in the DO statement itself
and no~ to any other statement in the 00group.
Condition prefixes to the PROCEDURE
statement and the BEGIN statement are
special (though commonly used) cases. A
condition prefix attached to a PROCEDURE or
BEGIN statement applies to all the
statements up to and including the
corresponding END statement. This includes
other PROCEDURE or BEGIN statements nested
within that block.
It does not apply to
any procedures lying outside that block.
The enabling or disabling of a condition
may be redefined within a block by
attaching a prefix to statements within the
block, including PROCEDURE and BEGIN
statements (thus redefining the enabling or
disabling of the condition within nested
blocks). Such a redefinition applies only
to the execution of the statement to which
the prefix is attached.
In the case of a
nested PROCEDURE or BEGIN statement, i t
applies only to the block the statement
defines, as well as any blocks contained
within that block. When control passes out
of the scope of the redefining prefix, the
redefinition no longer applies. A
condition prefix can be attached to any
statement except a DECLARE, DEFAULT, or
ENTRY statement.
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ON Statement
A standard system action exists for every
condition, and if an interrupt occurs, this
standard system action will be performed
unless the programmer has specified an
alternate action in an ON statement for
that condition. The purpose of the ON
statement is to establish the action to be
taken when an interrupt results from an
exceptional condition that has been
enabled, either by default or by a
condition prefix.
Note: The action specified in an ON
statement will not be executed during any
portion of a program throughout which the
condition has been disabled.
The form of the ON statement is:
ON condition[SNAP] {SYSTEMi lon-unit}
(See section J,
description) •

n

Statements n for a full

The keyword SYSTEM followed by a
semicolon specifies standard system action
whenever an interrupt occurs.
It reestablishes system action for a condition
for which some other action has been
established.
The on-unit is used by the programmer to
specify an alternative action to be taken
whenever an interrupt occurs.
The SNAP option specifies that, when an
interrupt occurs" a list of all blocks in
the chain of invocation leading to the
current task is written on the standard
system file SYSPRINT'. I f SNAP is
specified, the action of the SNAP option
precedes the action of the on-unit. If
SNAP SYSTEM is specified, the system action
message is followed immediately by a list
of active blocks.
The on-unit must be either a single,
unlabeled, simple statement or an unlabeled
begin block. The single statement cannot
be a RETURN, FORMAT, DECLARE, or DEFAULT
statement.
It cannot 1::>~'either of the two
compound statements,\IF and ON, or a dogroup_
(PROCEDURE, BEGIN, END, and DO
statements can never appear as single
statements.) The begin block. if it
appears, can contain any statement (except
that, as with any BEGIN block, a RETURN
statement can appear only within a
procedure nested in the begin block).
The single statement on-unit, or the
begin block on-unit, is executed as though
it were a procedure (without parameters)
that was called at the point in the program
at which the interrupt occurred. If the

on-uni t is a single statement it behaves as
though it were a single-statement
procedure;: when execution of the unit is
complete, control generally returns to the
block from which the on-unit was entered.
Just as with a procedure, contrJI may be
transferrE~d out of an on-unit by a GO TO
statement; in this case, control is
transferred to the point specified in the
GO TO, and a normal return does not occur.
Note: The specific point to which control
returns fl~om an on-unit varies for
different conditions. In some cases, it
returns to the point that immediately
follows the action in which the condition
arose, or the statement following the one
in which the condition was raised.
In
other cases, control returns to the actual
point of interrupt, and the action is
reattempted.
An example of the latter case
is the ret~urn from the on-unit of an ON
CONVERSION statement. When an interrupt
occurs as the result of a conversion error,
control returns from the on-unit to
reattempt conversion of the character that
caused thE~ error (on the assumption that
the invalid character has been changed
during execution of the on-unit).
If the
invalid character is not changed, the ERROR
condition is raised.

scope of the ON Statement
The execution of an ON state~ent associates
an action specification with the named
condition. Once this association is
established, it remains until it is
overridden or until termination of the
block in which the ON statement is
executed.
An established interrupt action passes
from a block to any block it activates, and
the action remains in force for all
subsequently activated blocks unless it is
overridden by the execution of another ON
statement for the same condition. If i t is
overridden, the new action remains in force
only until that block is terminated or
until a REVERT statement is executed for
the condition. When control returns to the
activating block, all established interrupt
actions that existed at that point are reestablished. This makes it impossible for
a subroutine to alter the interrupt action
established for the block that invoked the
subroutine.
If more than one ON statement for the
same condition appears in the same block,
each subsequently executed ON statement
permanently overrides the previously
established condition. No re-establishment
is possible, except through execution of
another ON statement with an identical
action specification (or re-execution,
through some transfer of control, of an
overridden ON statement).

Null On-Unit
Dynamically Descendant on-Units
A special case of an on-unit is the null
statement. The effect of this is the same
as a normal return from a begin-block onunit, except that with the CONVERSION and
AREA conditions, there is no retry.
Use of the null on-unit is not the same
as disabli.ng, for two reasons: first, a
null on-unit may be specified for any
condition, but not all conditions can be
disabled; and, second, disabling a
condition, if possible, may save time by
avoiding any checking for this condition.
If a null on-unit is specified" the system
must still check for occurrence of the
condition; the action then taken is the
action that would be taken on normal return
from an on-unit.
Note: A null on-unit for the CONVERSION
condi-tion will not ca use a permanent loop
if a conversion error occurs, because no
conversion is re-attempted unless the
invalid character is changed in the onunit. If it is not changed, the ERROR
condition is raised.
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It is possible to raise a condition during
execution of an on-unit and enter a further
on-unit. An on-unit entered due to a
condition either raised or signalled in
another on-unit is a dynamically-descendant
on-unit. A normal return from 3
dynamically-descendant on-unit
reestablishes the environment of the onunit in which the condition was raised.

On-units for File Parameters and File
Variables
File constants or file variables used as
arguments and parameters can be specified
in input or output condition on-units. The
following examples illustrate the rules and
uses of this facility:
1.

On-units for a particular condition in
separate blocks can specify different
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file identifiers for the same file.

argument corresponding to the file
parameter is entered.

F'or example:
For example:
E:

El:

PROCEDURE ;
DECLARE Fl FILE;
ON ENDFILE (Fl) GOTO Ll;
CALL El (Fl);

PROCEDURE (F2);
DECLARE F2 FILE;
ON ENDFILE (F2) GO TO L2;
READ FILE eFl);
READ FILE (F2);
END El;

An end-of-file encountered for Fl in
El causes the on-unit for F2 in El to
be entered.
If the on-unit in El were
not specified, an end-of-file
condition encountered for either Fl or
F2 would cause entry to the on-unit
for Fl in E.

E:

El:

PROCEDURE:
DCL Fl FILE;
ON ENDFILE (Fl);
CALL El (Fl);

PROCEDURE (F2);
DECLARE F2 FILE;
ON ENDFILE (F2) GOTO L;

REVERT ENDFILE (F2);
/*NULL ON-UNIT IN E ASSOCIATED
WITH ENDFILE INTERRUPTS FOR F2*/
READ FILE CF2) INTO (Xl);

END E;

2.

On-units for a particular input or
output condition in the same block can
specify different file identifiers for
the same file.
The presence of a
second on-unit overrides the first.
F'or example:
E:

PROCEDURE;
DECIARE Fl FILE;
CALL El eFl);

El:

PROCEDURE (F2);
DECLARE F2 FILE;
ON ENDFILE (Fl) GOTO Ll;
READ FILE (Fl) INTO (Xl);

ON ENDFILE (F2) GOTO L2;
READ FILE (F2) INTO (X2);

READ FILE eFl) INTO (X3);

END E;
An end-of-file condition raised by
execution of the second READ FILE
eFl); statement causes the on-unit for
F2 to be entered.
3.
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If a REVERT statement for a particular
condition that specifies a file
parameter is executed, anyon-unit
previously established for the
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An end-of-file condition encountered
in the execution of the READ statement
for F2 does not cause the on-unit for
F2 in El to be entered. Because of
REVERT statement the on-unit for Fl in
the containing procedure is entered.
Whenever a file variable is used, the
effect is the same as if the current fileconstant value of the variable had been
used. Thus having an ON statement whiCh
specifies a file variable refers to the
file constant that is the current value of
the variable when the on-unit is
established.
For example:
DECLARE FV FILE VARIABLE,
FCl FILE,
FC2 FILE;
FV = FC1;
ON ENDFILECFV) GO TO FIN;

FV = FC2;
READ FILECFC1) INTO CX1);
READ FILECFV) INTO (X2);
An end-of-file condition raised during the
first READ statement will cause the on-unit
to be entered, since the on-unit refers to
file FC1.
If the condition is raised in
the second READ statement, however, the onunit is not entered, since this READ refers
to file FC2.
If an ON statement specifying a file
variable is executed more than once, and
the variable has a different value each

time, then a different on-unit will be
established at each execution. For
example.
DECLARE FV FILE VARIABLE,
Fel FILE,
FC2 FILE;

DO FV=FC1/FC2;
ONENDFILE(FV) GO TO FIN;
END;

REVERT statement

allows a prograrrmer to establish an on-unit
that will be executed whenever a SIGNAL
statement is executed specifying CONDITION
and that identifier.
As a debugging aid, this condition can
be used to establish an on-unit whose
execution results in printing information
that shows the current status of the
program. The advantage of using this
technique is that the statements of the on-',
unit need be written only once. They can '~
be executed from any point in the program
through placement of a SIGNAL statement.
Following is an example of how the
CONDITION condition might be included in a
program:
ON CONDITION (TEST) BEGIN;

The REVERT statement is used to cancel the
a~tion specification of all the ON
statements for the named condition that
have been executed in the same block in
which the REVERT statement is executed. It
then re-establishes the action that was in
force at the time of activation of that
block. This statement has the form:
REVERT condition-name;

END;
Execution of the begin block would be
caused wherever the following statement
appears:
SIGNAL CONDITION (TEST);

A REVERT statement that is executed in a
block in which no on-unit has been
established for the named condition is
treated as a null statement.

The identifier can be declared
contextually (as in the example given
above) or explicitly. An explicit
declaration of a condition name could be as
follows:
DCL CNAME CONDITION;
ON CONDITION(CNAME) BEGIN;

SIGNAL Statement
rhe programmer may simulate the occurrence
of an ON condition by means of the SIGNAL
statement. An interrupt will occur unless
the named condition is disabled. This
statement has the form:

END;
The CONDITION condition is always
enabled, but it can be raised only ty the
SIGNAL statement.

SIGNAL condition-name;
The SIGNAL statement causes execution of
the interrupt action currently established
for the specified condition. The principal
use of this sta tement is in program
checking, to test the action of an on-unit,
and to determine that the correct action is
associated with the condition.
If the signaled condition is not
enabled, the SIGNAL statement is treated as
a null statement.

CONDITION Condition
The ON-condition of the form:
CONDITION (identifier)
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CHECK Condition
The CHECK condition is an important tool
provided in PL/I for program testing. It
is raised during execution of the program
whenever the value of a designated variable
is modified, or whenever control is
transferred to a statement prefixed by a
designated label or entry constant.
Variables, label constants, and entry
constants for which the CHECK condition is
to be raised are designated explicitly in
an optional name list given with the CHECK
prefix that enables the CHECK condition.
If the CHECK prefix is given without the
name list, all variables, label constants.,
and entry constants that are within the
scope of the CHECK prefix can cause the
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CHECK condition to be raised.
Variables
that can raise the CHECK condition include
array and structure variables, label
variables, entry variables, event
variables, area variables, file variables,
task variables, based and defined
variables, and locator variables.
subscripted and locator-qualified names are
not allowed but qualified names (i.e."
members of structures) can be used. iSUBdefined variables are not allowed.
The interrupt occurs immediately after
to the variable being checked.
~n interrupt will take place, for instance,
after the assignment of each element of a
checked array.
Exceptions are as follows.
assigr~ent

1.

2.

If arguments specified in a CALL
statement are being passed directly
(as opposed to being passed by .means
of dummy arguments), then CHECK for
these names is raised on return from
t:he subroutine.
With label and entry constants, the
interrupt occurs immediately before
the execution of the statement or the
invocation of the entry name.

The system action for problem variables is
to print the identifier causing the
interrupt and its new value in the form of
data-directed output. For program control
variables, the information provided is:
Checkout compiler:

As for PUT DATA

optimizing compiler:

Name of the
identifier

If the CHECK condition is raised by a
SIGNAL CHECK, the standard system action is
to print the identifiers (and their values,
where applicable) given in the name list of
the CHECK prefix.
If the CHECK prefix does
not have a name list, the standard action
is to print all the identifiers (and their
values, where applicable), that are within
the scope of the CHECK prefix.
Thus, by preceding a block with a CHECK
prefix, as shown in the example in figure
14.1, the programmer can obtain selective
dumps in a' readable format by specifying
variables; he can obtain a flow trace by
specifying labels and entry names.
The CHECK condition may also be
specified in an ON statement, if other than
system action is required. This gives the
user all the facilities of PLlI, including
the simplicity of data-directed output for
controlling and editing his debugging
information.
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SIZE condition
The SIZE condition is not enabled unless it
appears in a condi ti on prefix. It is
raised if high-order significant digits are
lost from an arithmetic value during
assignment to a variable or compilercreated intermediate storage location, or
in an input/output operation. An error
message is printed, and the ERROR condition
is raised: in the absence of an appropriate
on-unit, this leads to termination of the
task. The checkout compiler will detect a
SIZE error and take standard system action
whether or not the condition is enabled,
although a SIZE on-unit can be entered only
when the condition has been enabled.

SUBSCRIPTRANGE Condition
Another ON condition that is used
principally for program checkout, but that
may also be used in production, is
SUBSCRIPTRANGE. For the optimizing
compiler, the condition needs to be enabled
by a condition prefix. The checkout
compiler will detect a SUBSCRIPTRANGE error
and take standard system action, whet.her or
not the condition is enabled, although a
SUBSCRIPTRANGE on-unit can be entered only
when the condition has been enabled.
Since this checking involves a
substantial overhead in both storage space
and execution time, it usually is used only
in program testing - i t :;"s removed for
production programs, SUBSCRIPTRANGE being a
normally-disabled condition.

STRINGRANGE Condition
The STRINGRANGE condition is not enabled
unless it appears in a condition prefix.
It is raised by an invalid reference to the
SUBSTR built-in function and
pseudovariable, the arguments to which must
lie within certain bounds (see "SUBSTR
String Built-in Function" in section G,
"Built-in Functions and Pseudovariables").
It allows execution to continue with a
SUBSTR reference that has been revised
either automatically (that is, by standard
system action) or by the programmer using
an on-unit. The checkout compiler will
detect a STRINGRANGE error and take
standard system action whether or not the
condition has been enabled, although a
STRINGRANGE on-unit can be entered only
when the condition has been enabled.

Condition Built-In Functions and
Condition Codes
When an on-unit is invoked, it is as if i t
were a procedure without arguments. It is
therefore impossible to pass to the on-unit
any information about the interrupt (other
than the name of the condition). To assist
the programmer in making ·use of on-units,
some special functions are provided that
may be uSE~d to inquire about the cause of
an interrupt and possibly to attempt to
correct the error.
These condition built-in functions can
be used only in on-units or in blocks
invoked by on-units. They are listed in
section G, nBuilt-In functions and
Pseudovariables n.
The condition built-in functions provide
information such as the name of the
procedure in which the interrupt occurred,
the character or character string that
caused a conversion interrupt, the value of
the key used in the last record
transrni ttE~d, and so on. Some can be used
as pseudovariables for error correction.
The ONCODE function provides a binary
integer whose value depends on the cause of
the last interrupt. '!his function, used in
conjuncti()n with the ERROR condition,
allows thE~ programmer to deal with errors
that may be detected by the implementation,
but that are not represented by condition
names in the language. It can also be used
to distinguish between the various
circumstances under which a particular
condition (for instance the KEY condition)
can be raised.

Example of Use of On-conditions
rhe routine shown in figure 14.1
illustratHs the use of the ON statement,
the SIGNAI~ and REVERT statements, and
condition prefixes. The routine reads
batches of cards containing test readings.
Each batch has a header card with a sample
number, called SNO, of zero and a trailer
card with SNO equal to 9999.
If a
conversion error is found, one retry is
attempted with the error character set to
zero. Tw() data fields are used to
calculate a subscript; if the subscript is
out of range, the sample is ignored. If
there is more than one subscript error or
more than one conversion error in a batch,
that batch is then ignored.
The numbers to the right of each line
are card sequence numbers, which are not
part of the program itself.
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The CHECK prefixes in cards 1 and 25 are
included to help with debugging; in a
production program, they would be removed.
The prefix in card 1 specifies that
interrupts will occur at the following
times:
just before the statements HEADER,
NEWBATCH, and BADBATCH are executed; just
before the procedure INPUT is invoked; and
whenever the value of an elerrent of the
variable SAMPLE changes. Since no ON
statement has been executed for the CHECK
condition, system action is performed.
This will result in the appropriate name
being written on S~SPRINT (together with
the new value in the case of SAMPLE).
Since the labels used within the
internal procedure INPUT are not known in
DIST, they cannot be specified in a CHECK
list for DIST. A separate CHECK prefix is
therefore inserted just before the
procedure statement heading INPUT. This
check list specifies the labels in INPUT,
and th e a rra yT ABLE.
The first statement executed is the ON
ENDFILE statement in card 9. This
specifies that the external procedure
SUMMARY is to be called when an ENDFILE
interrupt occurs. This action applies
within DIST and within INPUT and within all
other procedures called by DIST, unless
they establish their own action for
ENDFILE.
Throughout the procedure, any conditions
except SIZE, SUBSCRIPTRANGE, STRINGRANGE,
STRINGSIZE, and CHECK are enabled by
default; and for all conditions except
those mentioned explicitly in ON
statements, the system action applies.
This system action, in most cases" is to
generate a message and then to raise the
ERROR condition. The action specified for
the ERROR condition in card 13 is to
display the contents of the card being
processed. When the ERROR action is
completed, the FINISH condition is raised,
and execution of the program is
subsequently terminated.
The statement in card 10 specifies
action to be taken whenever a CONVERSION
interrupt occurs. Since this action
consists of more than one statement, it is
bracketed by BEGIN and END statements.
The main loop of the program starts with
the statement HEADER. Since the CHECK
condition is enabled for HEADER, an
interrupt will occur before HEADER is
executed. The READ statenent with the INTO
option will cause a CHECK condition to be
raised for each element of the variacle
SAMPLE; consequently, the input is listed
in the form of data-directed output.
The card read is assumed to be a header
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r-----·----------------------------------------------------------------------------------,
(CHECK(HEADER,NEWBATCH,INPUT,BADBATCH,SAMPLE}):
/*DEBUG*/
01
DIST: PROCEDURE;
DECLARE 1 SAMPLE EXTERNAL,
2 BATCH CHARACTER(6}"
2 SNO PICTURE '9999',
2 READINGS CHARACTER(70},
TABLE(15,15} EXTERNAL, (ONCHAR,ONCODE) BUILTIN
/* ESTABLISH INTERRUPT ACTIONS FOR ENDFILE & CONVERSION */
ON ENDFILE (PDATA) CALL SUMMARY:
ON CONVERSION BEGIN; CALL SKIPBCH:
GO TO NEWBATCH:
END:
ON ERROR DISPLAY(BATCHI ISNOIIREADINGS}:
/* MAIN LOOP TO PROCESS HEADER & TABLE */
HE.~DER: READ INTO (SAMPLE) FILE (PDATA);
/* CHECK ACTION LISTS INPUT DATA FOR DEBUG */
IF SNO
0 THEN SIGNAL CONVERSION;
NEW BATCH: GET LIST (OMIN,OINT,AMIN,AINT) STRING (READINGS);
TABLE = 0;
CALL INPUT;
CALL PROCESS:
GO TO HEADER;
/* ERROR RETURN FROM INPUT */
BADBATCH: SIGNAL CONVERSION:
(CHECK(IN1,IN2,ERR2,ERRl,TABLE}):
/*DEBUG*/
INPUT: PROCEDURE:
/* ESTABLISH INTERRUP!' ACTIONS FOR CONVERSION & SUBRG */
ON CONVERSION BEGIN:
IF ONCODE = 624 & ONCHAR =' ,
THEN DO: ONCHAR = '0';
GO TO ERR1;
END;
ELSE GO TO BADBATCH:
END:
ON SUBSCRIPTRANGE GO TO ERR2:
/* LOOP TO READ SAMPLE DATA AND ENTER IN TABLE */
IN1: READ INTO (SAMPLE) FILE (PDATA):
IF SNO = 9999 THEN RETURN:
/*TRAILER CARD*/
IN2: GET EDIT (R,OMEGA,ALPHA) (3 P'999')
STRING (READINGS):
(SUBSCRIPTRANGE): TABLE«OMEGA-OMIN}/OINT,(ALPHA-AMIN}/AINT} = R:
GO TO IN1:
/* FIRST CONVERSION & SUBSCRIPTRANGE ERROR IN THIS BATCH */
ERR2: ON SUBSCRIPTRANGE GO TO BADBATCH: /*FOR NEXT ERROR*/
CALL ERRMESS(SAMPLE,02} ;
GO TO IN1;
ERR1: REVERT CONVERSION:
/*SWITCH FOR NEXT ERROR*/
CALL ERRMESS (SAMPLE, 01};
GO TO IN2:
END INPUT;
END DIST:
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A program checkout routine

card. If it is not, the SIGNAL CONVERSION
statement causes execution of the BEGIN
block, which in turn calls a procedure (not
shown here) that reads on, ignoring cards
until it reaches a header card. The begin
block ends with a GO TO statement that
terminates the on-unit.

character string READINGS, which is an
element of SAMPLE. Since the variables
named in the data list are not explicitly
declared, their appearance causes implicit
declaration with the attributes FLOAT
DECIMAL (6).

The! GET statement labeled NEWBATCH uses
the STRING option to get the different test
numbers that have been read into the

The array TABLE is initialized to zero
before the procedure INPUT is called. This
procedure inherits the on-units already
established in DIST, but it can override
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them.
The first statement of INPUT establishes
a new action for CONVERSION interrupts.
whenever an interrupt occurs, the ONCODE is
tested to check that the interrupt is due
to an illegal P format input character and
that the illegal character is a blank.
If
the illegal character is a blank, it is
replaced by a zero, and control is
transferred to ERR1.
ERRl is internal to the procedure INPUT.
rhe statement, REVERT CONVERSION, nullifies
the ON CONVERSION statement executed in
INPUT and restores the action specified for
conversion interrupts in DIST (which causes
the batch to be ignored).
After a. routine is called to write an
error message, control goes to IN2, which
retries the conversion. If another
conversion error occurs, the interrupt
action is that specified in cards 10 and
11.
The second ON statement in INPUT
establishes the action for a SUBSCRIPTRANGE
interrupt. This condition must be
explicitly enabled by a SUBSCRIPTRANGE
prefix for an interrupt to occur.
If an
interrupt does occur, the on-unit causes a
transfer t;o ERR2, which establishes a new
on-uni t for SUBSCRIPTRANGE interrupts,
overriding the action specified in the ON
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statement in card 35. Any subsequent
subscript errors in this batch will,
therefore, cause control to go to BADBATCH,
which signals the CONVERSION condition as
it existed in the procedure DIST. Note
that on leaving INPUT, the on-action
reverts to that established in DIST, which
in this case calls SKIPBCH to get to the
next header card.
Aft~r establishment of a new on-unit, a
message is printed, and a new sample card
is read.

The statement labeled INl reads an 80column card image into the structure
SAMPLE. A READ statement does not cause
input data to be checked for validity, so
the CONVERSION condition cannot arise.
The statement IN2 checks and edits the
data in card columns 11 through 19
according to the picture format item. A
non-numeric character (including blank) in
these columns will cause a conversion
interrupt, with the results discussed
above.
The next statement Ccard 41) has a
SUBSCRIPTRANGE prefix. The data just read
is used to calculate a double subscript,.
If either subscript falls outside the
bounds declared for TABLE, an interrupt
occurs.
If both fall outside the range,
two interrupts occur.
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Chapter IS: Execution-time Facilities of the Checkout Compiler

This chapter describes language features
which can provide various facilities to
help the programmer at execution time.
rhese features are implemented by the PL/I
checkout compiler only.
I f they are
included in a source program to be
processed by the PL/I optimizing compiler,
they are checked for correct syntax and
then ignored: their presence in such a
program is not regarded as an error.
In order that the working time of both
the programmer and the computer shall be
used with the maximum efficiency, i t is
essential that program turnaround should be
as rapid as possible.
The most important
way of achieving this, as far as the
programmer is concerned, is to reduce the
time he spends finding out how well his
program works, and to allow him to correct
any synta.ctic or logical errors with the
minimum delay.
The PL/I checkout compiler
supports this aim by providing executiontime facilities that:
1.

The extent to which these facilities are
applicable to a particular program depends
on the processing mode:
1.

The programmer does not control the
time at which execution begins, and
cannot intervene during execution to
initiate a trace or a current-status
list, or to modify his program. If a
trace or a current-status list is
required, the appropriate statements
must have been included in the source
program.
Output from these facilities
is not available until execution has
tenninated.
2.

b.

A trace of the items., that is,
information is put out whenever
these items are referenced in predefined situations throughout
execution.

If the SYSPRINT file is associated
with a device other than the
programmer's terminal, some of
SYSPRINT output will appear on both
devices.
That part of the SYSPRINT
output which is not normally available
at the terwinal can be copied onto i t
by means of the appropriate terminal
instruction.

A list showing the current status
of the designated items at any
specified point during execution.

The items to be traced or listed, and
the points at which this output
occt~s, are specified by statements in
the source program. The pre-defined
sitt~tions are specified in the
language.
2.

Allow the programmer to initiate the
trace dynamically.

3.

Provide him with the opportunity" in
the approeriate processing
environment, for amending his program.
Changes made to the existing program
can be temporary, or they can be
incorporated automatically into the
current source program.
The current
source program can be saved on an
external data set and can be
retranslated at any time without
leaving the checkout compiler
environment.
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Conversational processing:
The programmer initiates execution of
his prograrr at the terminal and can
intervene during execution to initiate
a trace or a current-status list, or
to modify his program. Statements to
initiate a trace or status-list can
also be included in the source
program.
Output from these facilities
is immediately available and can be
printed at the terminal.

Provide the programmer with
information about designated items .•
This information comprises:
a.

Batch processing:

conversational processing requires a
keyboard terminal as the input/output
device.
This enables the programmer to:
1.

Transmit and receive data at a rate
fast enough to allow him to maintain a
train of thought, and

2.

Have control passed to him at the
terminal, or obtain i t by calling
attention from the terminal.

processing at the terminal is performed
in immediate mode, that is, any instruction
entered can be executed immediately. If a
permitted PL/I statement or statement group
is entered, it can be translated and
interpreted (executed> immediately.
PL/I includes statements and options
that support these facilities.
These
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condition and terminate the task
or, if the condition is raised in
the major task" terminate the
program.
(Note that the raising
of the ERROR and FINISH conditions
for the checkout compiler may be
controlled by the ERRORS compiler
option, described in the
programmer's guide.)

provide:

1.

Tracing facilities:
Information about designated items can
be written on the SYSPRINT file.

2.

Current status list:
The current status of problem data or
program-control data can be written on
the SYSPRINT file.

3.

In conversational processing, if
the ERROR condition is raised, the
standard system action is to pass
control to the terminal.

Program amending:
d.

E:xtra PL/I statements can be included
in the program during execution.
Depending on the subcornmands used,
such statements may take effect once,
or for the remainder of the execution,
or they may be incorporated into the
current source program. Such changes
as are thus incorporated become
permanent if the current source
program is saved on an external data
set.

In conversational processing, the
standard system action is to pass
control to the terminal.
3.

Note the relationship of PL/I and the
processing mode:

1.

2.

Any statement in a PL/I source program
submitted for batch processing can
also be included in a source program
submitted for conversational
processing, and vice versa.
'I'here are some language items that
have or can have a different usage in
batch processing from that in
conversational processing.
They are:

a.
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GO TO statement: In batch
processing, control is transferred
to a statement identified by a
label.
In conversational
process ing., control can be
transferred to a statement
iden tif ied by ei ther a label or"
in a GO TO statement entered 1n
immediate mode, a number. The
number is the number of a
statement in either the current or
the immediate source porgram, that
is, a number, or a number followed
by "T".

b.

HALT statement:
processing, thi s
null operation.
processing, this
execution of the
be sus pended an d
the terminal.

In batch
statement is a
In conversational
statement causes
current task to
control passed to

c.

ERROR condition:
In batch
processing, if the ERROR condition
is raised, the standard system
action is to raise the FINISH
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FINISH condition:
In batch
processing, the standard system
action in the absence of an onunit is simply to continue
processing from the point where
the interruption occurred.

There are a few PL/I statements that
cannot be used in immediate mode:
these are described in the section
"Program Amending," below.

Tracing Facilities
The tracing mechanism is activated ty the
following staterr.ents:
Item or feature

statements

Data
Transfer of control

CHECK/NOCHECK
FLOW/NOFLOW

CHECK and NOCHECK Statements
A CHECK statement provides, for every
statement that comes wi thin its range"
dynamic enabling of the CHECK condition,.
As a result, the standard system action for
the CHECK condition can be taken for these
statements: this action provides that
information is written, on the SYSPRINT
file, about the names specified or assumed
in the prefix whenever these names aFpear
in pre-defined situations during program
execution. If an on-unit has been
established for the CHECK condition the onunit is executed and standard system action
is not performed.
A CHECK statement can specify a list of
names. If it has such a list, the CHECK
condition is enabled for the specified
names only.
If it does not have a list"

the CHECK condition is enabled for all the
names in the program.

the names A"
name list.

A CHECK statement remains effective
until the program terminates or an
appropriate NOCHECK statement is executed.
The NOCHECK statement suppresses the CHECK
condition for specified or assumed names.
If no names are specified in a NOCHECK
statement, then the CHECK condition is
suppressed for all names in the program.
CHECK and NOCHECK statements executed in a
procedure compiled by the checkout compiler
have no e:ffect in any procedures compiled
by the optimizer that may form part of the
same prog :cam.

The first NOCHECK statement deletes A
and D from this list; after this point, the
CHECK condition is raised for Band Conly.

The range of a CHECK or NOCHECK
condition statement is:
1.

In the external block that contains
the CHECK or NOCHECK statement: all
the statements executed after the
execution of the CHECK or NOCHECK
statement.
In this context, "contains" means that
the CHECK or NO CHECK statement is in
the external block or in a block
internal to the external block.

2.

In an external, separately compiled
block invoked from a block to which
the CHECK or NOCHECK statement
appl:ies:
all references to names
associated with the inherited prefixes
if these names are known in both the
invoking and the invoked block s.
Th us, when a name in the CHEO< or
NOCHECK statement name list appears in
the :invoked external procedure, i t
will be within the range of the
statement only if i t is declared in
both procedures to be EXTERNAL.

The names can be unsubscripted, nonlocator-qualified variables, label
constants, or entry constants.
The effect of the use of both CHECK and
NOCHECK statements in a program is shown by
the :following example:

The second CHECK statement restores D to
the name list and adds a new name E, to the
list. After this point, the CHECK
condi tion is raised for 8" C, D, and E.
The second NOCHECK statement deletes B
and E from the name list. After this
point, the CHECK condition is raised for C
and D only.
The CHECK and NOCHECK statements
effectively modify actual or inherited
CHECK or NOCHECK prefixes and add CHECK or
NOCHECK prefixes to currently unprefixed
statements. A statement inherits a prefix
either from an actual prefix to a PROCEDURE
or BEGIN block or from a previouslyexecuted CHECK or NOCHECK statement; in
both cases, the CHECK or NOCEECK keyword
effectively adds a corresponding prefix to
every statement within its range. To
determine the effect of a CHECK or NOCHECK
statement, carry out, conceptually, the
f ollCMing steps.
1.

When a CHECK statement without a namelist is executed, delete all actual or
inherited CHECK and NO CHECK prefixes
within its range, then allow every
statement within its range to inherit
a CHECK prefix wi thout a name-list.

2.

When a NOCHECK statement without a
name-list is executed, delete all
actual or inherited CHECK and NOCHECK
prefixes within its range.

3.

When a CHECK or NOCHECK statement with
a name-list is executed, carry out the
following steps on all statements
wi thin its range.
a.

Delete from all actual or
inherited prefixes (both CHECK and
NOCHECK) all names that appear in
the CHECK or NOCHECK statement
name-list (except where the same
name appears in the statement and
the prefix but refers to a
different data item in each case).
In both cases, treat a prefix with
no name-list as having a name-list
that includes all known names.

b.

If the statement is a CHECK add a
CHECK prefix having the same namelist to every statement. If the
statement is a NOCHECK, add a
NOCHECK prefix having the same
name-list to every statement. In
both cases, -excl ude any names that

CHECK (A,B,C,D);

NOCHECK (A, D) ;

CHECK (D, E) ;

NOCHECK (B,E);
The first CHECK statement establishes
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are not known at the statement
being prefixed.

the initialization. Thus in the example
given, CHECK output is never produced
for the variable C because, in the
example, no assignment is made to C.
Such output would be produced if, for
example, the CHECK statement was
executed in a block that contained the
procedure PR., or if the proced ure PR was
invoked recursively.
In the latter
instance, CHECK output would be produced
at the second and all succeeding
invocations.

Note: Before carrying out (a), expand into
their element names any structure names in
the CHECK or NOCHECK statement and in any
prefixes that may be modified.
The action of CHECK and NOCHECK
statements in combination with prefixes is
illustrated by the following examples.
They show how the effects of prefixes
written by the programmer are modified by
the execution of a CHECK or NOCHECK
statement.
Example 1:
CHECK;

/* NAMES CHECKED FOR:

*/

BASED or CONTROLLED: When the variable is
allocated by means of an ALLOCATE or
LOCATE statement. CHECK is never raised
by the INITIAL attribute of a BASED
variable that is never explicitly
allocated.
Note:
The CHECK condition is never raised
for the initialization of STATIC variables.

(CHECK(A»: ••• ;
(CHECK (D, E) ) : ••••
CNOCHECK(A»: ••••
(NOCHECK): •••• ;
(CHECK): •••• ;

/*

;/*
;/*
/*
/*

ALL
ALL
ALL
ALL
ALL

*/
*/
*/
*/
*/

Example 2:
CHECK (A, B, C) ;

/* NAMES CHECKED FOR:

*/

/* A,B,C

/* A,B,C
/* ALL

*/
*/
*/
*/
*/

NOCHECK (C,D);

/* NAMES CHECKED FOR:

*/

(CHECK(A»: •••• ;
(CHECK(D,E»: ••••
(NOCHECK(A»: ••••
(NOCHECK): •••• ;
(CHECK): •••• ;

/*

(CHECKCA»: •••• ;
(CHECK(D,E»: ••••
(NOCHECK(A»: ••••
(NOCHECK): •••• ;
(C HECK) : •••• ;

;/* A,B,C,D,E
;/* A,B,C

Example 3:

;/*
;/*
/*
/*

A
E
NONE
NONE
ALL EXCEPT C,D

*/
*/
*/
*/
*/

The situations in which the CHECK
condition is raised are described in "CHECK
Condition" in section H, "oN-Conditions."
Some of them are illustrated in figure
15.1.
The CHECK condition is raised when
P..UTOMA'rIC, BASED, or CONTROLLED variables
are initialized by means of the INITIAL
attribute (with or without the CALL
option).
If standard system action is
taken, CHECK output is produced as follows:
AUTOMATIC:
Only if the CHECK statement has
been executed before the establishment
of ·the prologue for the block containing
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FLOW Statement
The FLOW statement causes information about
the transfer of control during execution of
a task to be written on the SYSPRINT file.
When a FLOW statement has been executed, it
remains effective until the task terminates
or until a NOFLOW statement is executed in
the same task. The FLOW statement has no
effect outside procedures compiled by the
checkout compiler.
When a FLOW sta·tement has been executed
in a task, every transfer of control that
occurs subsequently in that task causes a
flow comment to be put out before the
transfer takes place. This comment
consi sts of:
1.

The number of the staterrent that
causes the transfer of control.

2.

The number of the statement to which
control is transferred.

The transfer of control can only be to a
point within the task that contains the .
FL~~ sta tement.
If the FLOW statement is
in a nested block, the point can be in any
containing block, including external
blocks. However, the FLOW statement cannot
be inherited across tasks; for example, if
task A, which contains a FLOW statement,
attaches a task (B) which does not contain
a FLOW statement, no flow corrments are put
out during the execution of task B.
While it is always clear why a
particular statement is specified in the
flow comment as the statement that caused
the transfer of control, it is not always
so obvious why control was transferred to

PR:PROC OPTIONSCMAIN);
DCL (A,B) DECIMAL(S),
C CHAR(10) INIT (. DAILYRATES') AUTO,
Cl CHARC2S) BASEDCP),
D(10) LABEL,
GENTRY;

.,

CHECK(A,B,C,Cl,D,F,P);

A=l;
B=2;
ALLOCATE Cl;

/*CHECK OUTPUT FOR A*/
/*CHECK OUTPUT FOR B*/
/*CHECK OUTPUT FOR P*/

0(1): READ FILE (X) INTOCC1); /*CHECK OUTPUT FOR D(1) AND Cl*/

E: GET DATA(A,B);

/*CHECK OUTPUT FOR A AND B*/

DISPLAY CC) REPLY (Cl);

/*CHECK OUTPUT FOR Cl*/

CALL F (A, B) ;

/*CHECK OUTPUT FOR F AT TIME OF CALL*/
/*CHECK OUTPUT FOR A, B ON RETURN
FROM F (EVEN IF VALUES OF Y, Z
NOT CHANGED IN F)*/

CALL G;

F: PROCCY,Z):
DCL Cy" Z) DECIMAL C5)

.,

Y=20:

END F;

END PRj
Notes:

Figure 15.1.

1.

If the CHECK statement had been CHECK;, output
would have been as indicated with, in addition,
CHECK output for E, G" and Y.

2.

If dummy arguments had been created for A and
B, no CHECK output would have ·been produced.

Example of use of CHECK statement

Chapter 15:
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the st.atement given as the destination.

compound statements.

Consider the following program:
statement
number

3

FLOW;

In the example above,

ON CONVERSION GO TO L12;
is counted as one statement.

NOFLOW Statement

12

ON CONVERSION GO TO L12:

The NOFLOW statement suppresses the action
of a FLOW state«ent executed earlier in the
s arne task.

24

GO TO L19;

Current Status List

3S

L12:CALL ABS;

36

... ,

42

x

57

L19:DO I = 1 TO 99;

65
66

END;
A
B**2;

117

ABS:PROC;

124

RETURN;

= FCA,B);

Information about selected items in a
program can be put into the oUtput stream
by means of a PUT statement with one of the
options LIST, DATA, SNAP, FLOW, or ALL.
This information can comprise names and
values of both problem-data and programcontrol variables and details of data
relating to flow of control and ON
conditions. Note that only the PL/I
checkout compiler can provide all this
information. The PL/I optimizing compiler
can provide only the names and values of
problem-data variables, and the names of
program control variables.
The information provided by the options
specified in the PUT statement is
summarized in figure 15.3.
Details of the output provided by the
use of each of these options is given in
the sections below.

PUT Variables
130

END ABS:

150

SIGNAL CONVERSION;

192

F:PROC(Y,Z) RETURNS(DECIMAL);

197
198

RETURN (M):
END F:

In this program, the statement numbers in
the flow comments produced by transfers of
control are shown in figure 15.2.
Statement numbers are derived from a
count of semicolons, for both simple and
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The data list for the LIST and DATA options
can specify both problem and programcontrol variables. Only problem variables
can be specified in an EDIT data list. If
DATA is specified without a data list" t.he
data is assumed to be all problem and
program-control variables known in the
block.
The information provided for the problem
variables specified or assumed depends on
the data-transmission option selected:
Option output
LIST

Value

DATA

Name of variable, and value

EDIT

Value as specified

r---------------------------------------------------------------------------------------,
statement
I
Transferred from
I
Transferred to
--------------------------------------.--------------- ------------~--------------------

GO TO in on-unit

I

12

I

35

------------------------------------------------------ ------------~-------~------------

I
I

GO TO

24

CALL

35

117

42

192

Function reference

1

57

------~---------------------------~----------------~-- ---------------------------------

,,

DO

I

57

,

IWhen iteration is complete,
'statement number of statement
lafter matching END statement,
I that is, 66

-----------------~---------------------------------~-- ---------------------------------

END for iterative DO

,

65

1

57

------------------------------------------------------ ------------~--------------------

,

RETURN in
procedure invoked
by CALL

1

END in procedure
invoked by CALL

,1

124

,

35

I

1

,

--------------------------------------------------------------------------------------130

35

SIGNAL

150

12

RETURN in
procedure invoked
as function reference 1

197,
,

42

L----------------------_______________________________1 ----------------------------------J
Figure 15.2.

Flow comments produced by various transfers of control

r---------------------------------------------------------------------------------------,
Option
I
Information

I

I----------~---------------------------------------------------------------------------IVariables
I DATA [(data-list)]
1
1
I EDIT (data-list) (format-list)
I
[, (data-list) (format-list)]...
,

I [LIST] (data-list)

1--------------------------------------------------------------------------------------1 SNAP
'Active blocks and on-units
1--------------------------------------------------------------------------------------I FLOW[(n)]
,Last n transfers of control
1--------------------------------------------------------------------------------------I ALL[(character-string-expression)]
,Variables, active blocks and on-units,
,
Itransfers of control, ON built-in functions
L--------·-------------------------------------------_--------------_____________________
Figure 15.3.

J

Program information provided by the PUT statement options

If a variable specified or assumed for a
PUT DATA statement is not initialized or is
not allocated, the checkout compiler
includes a comment to this effect in the
output.
The information provided for a programcontrol variable specified or assumed in a
PUT LIST or PUT DATA statement depends on
the variable. The name of the variable is
put out only if DATA (with or without a
data list:) is specified. A program-control
variable does not have a value in the sense
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that a problem variable has one. Instead,
the output for a program-control variable
comprises information related to the
current situation of the variable. For
example, the output for a file variable
states whether the file is open or closed,
and the output for an event variable states
whether the event is active or inactive.
Under the optimizing compiler a PUT DATA
statement specifying a program control
variable will cause only the name of the
variable to be printed. A PUT LIST or PUT
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EDIT statement must not specify program
control data under the optimizing compiler.
The value output for each type of
program-control variable is:
AREA
Area size
Area extent
List of freed allocations within the
extent
ENTRY
Entry constant assigned to the variable
(if any)
If the entry constant is internal and is
in a procedure that is not the current
procedure:
statement number
A list of the currently active
procedures invoked in the process of
activating the block containing the
entry constant. If the list of active
blocks cannot be produced, because the
entry variable no longer has a valid
value, a comment to this effect is
made.
Note:

The above output is provided by a
PUT DATA statement specifying any
entry variable or a PUT LIST statement
specifying an entry variable that has
been declared as having a non-null
argument list.
If a pU'r LIST
statement specifies an entry variable
that has been declared as not
requiring an argument list., the entry
is invoked.
In such a case, only PUT
DATA may be used to put out the value
of the entry variable.

EVENT
Description of the event:
Task or I/O event
Active or inactive
Complete or incomplete
Status
If the event is active:
Indication of whether task or I/O event
Absolute priority
If a task event:
Entry name specified in the CALL
statement that activated the event
variable
statement number of this CALL
statement
If an I/O event
File name or 'DISPLAY'
S·ta tement number of I/O statement that
activated the event variable
Statement numbers of the WAIT
statements associated with this event
FILE (variable or constant)
If item is a variable:
File constant assigned to variable
Whether the file is open or closed
If the file is open:
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List of attributes other than the
ENVIRONMENT attribute
Number of records transmitted
If the file is a STREAM file:
Already-transmitted items in the current
record
LABEL If variable has valid label constant
value
Label constant assigned to the variable
Statement number
If the label constant is in a procedure
that is not the current procedure:
A
list of the currently active
procedures invoked in the process
of activating the block containing
the label constant.
If the list of
active blocks cannot be produced,
because the label variable no
longer has a valid value, a comment
to this effect is made.
If label variable does not have a valid
value:
Comment to this effect
Note:

Label variables can be .initialized
without having constants assigned to
them.
In the program:
DCL L(3) LABEL;

L (1) : ••• ;

L(l) has a value and can appear in a
GO TO statement; but it is not a label
constant.
In this case, the full
output for a label variable with a
label constant value is transmitted"
except for the label constant value
itself.
OFFSET
Whether the offset has a null value
If the offset is not null and the long
form of the offset variable is used:
Name of the based variable addressed by
the offset
Name of the area, and value (in bytes)
of the offset
Whether it is invalid; for example,
because the based variable previously
associated with it had been freed
If the offset is not null and the short
form of the offset is used:
The byte-address value of the offset
POINTER
Whether the pointer has a null value
If the pointer is not null and the long
form of pointer is used:
Name of the based variable addressed by
the pointer
If the last value assigned to the pointer

r-----------------------------------------,
1.

Current
task

1.
2.
3.
4.

SNAP information
FLOW information
Condition built-in
functions
Current r --block 11.
Entry name
I 2. Condi tion
I
status
13. Variables

TASK
Description of the task:
Active or inactive
Absolute priority
If the task is active:
Entry name specified in the CALL
statement that activated the task
variable
Statement number of this CALL statement

L---

r---

5.

Block 11.
As for
that
12. current
invokedl3.
block
current L - - block

6.

Block I
that
11.
invoked 12.
above 13.
block I

based variable Cif a LOCATE
statement)
Whether it is invalid; for example,
because the based variable previously
associated with it has been freed
If the pointer is not null and the short
form of pointer is used:
The byte-address of the pointer

r---

As for
current
block

PUT SNAP Statement
The PUT statement with the SNAP option
causes the following data to be put into
the stream:

L---

etc, to initiallyinvoked procedure of
task

1.

The current statement number.

2.

A list of the currently active blocks
and on-units invoked in the process of
activating the block in which the PUT
statement was executed. Routines
compiled by the optimizing compiler,
and FORTRAN and COBOL routines, are
included in the list.

L---

r---

2.

Highest
priority
task
(excl.
current
task)

I

11 •

I 2.
14 •
I 5.

16.

I etc

As for current
task, with item
4 being the
latest block in
the chain of
invocation.

L---

r---

3.

Next:
highest
priority
task
(excl.
current
task)

11.

I 2.
I 4.
15.

16.
letc

As for current
task, with item
4 being the
latest block in
the chain of
invocation.

PUT FLOW Statement

I

L---

etc., to lowest priority task
L-------------____________________________
Figure 15.4.

J

The PUT statement with the FLOW option
causes a list of the last n transfers of
control to be put into the-stream. In each
transfer of control, the statements
involved are:
1.

The statement that caused the transfer
of control.

2.

The statement to which control is
transferred.

Information transmitted
by PUT ALL statement

is the value of an offset:
Name of the area, and value (in bytes)
of the offset
(Except 1:hat if t~ area is based or is an
element ()f an array of areas, the value of
the offset is not transmitted; and if the
area is a.n element of a based structure,
nei ther 1:he offset nor the name of the area
is transmitted.)
If the last usage of the pointer was in a
READ .... SET or a LOCATE statement:
Name of the file
Record number of the record with which
the pointer is associated Name of
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The rules for identifying these statements
are the same as f or the FLOW statement.
The value of rr is any value specified by
the programmer; it may be specified in the
PUT FLOW statement or in the appropriate
compiler option. If there are conflicting
values for n in the PUT statement and the
compiler option, the smaller is used. If
no value is given in either place, then a
default of 25 is assumed.
Under the optimizing compiler, the syntax
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of a PUT FLOW statement is checked, then it
is ignored. A PUT FLOW statement has no
effect outside procedures compiled by the
checkout compiler.

However, if a variable is based and
the based option for the variacle is
anything other than an unsubscripted
automatic or static pointer or offset,
for example based(expression) or
based(based-pointer), the data for
this item will not be accessed and a
comment to this effect will appear in
the output. This is because the
compiler tries to avoid errors
occurring during a PUT ALL statement.

PUT AL:L statement
The PUT ALL statement provides the maximum
amount of debugging information obtainable
withoU"t a dump of main storage. options
may be specified to select a part only of
the total information available.

The options are specified as a character
string following the ALL option. The full
list of options is as follows.

The information transmitted by PUT ALL
with no options is as shown in figure 15.4.
The content of each item is as follows.
SNAP information: The information provided
by a PUT SNAP statement.
In a
multitasking program, the chain of
invocation is followed back through
all attaching tasks to the main
procedure of the program.
FLOW information: The information provided
by a PUT FLOW statement without a
number-of-statements option.
Condition built-in functions:
Values of
the following built-in functions in
data-directed format.
DATAFIELD
ONCHAR
ONCODE
ONCOUNT
ONFILE
ONKEY
ONLOC
ONSOURCE
This information is given for the
current task only, because the values
oj: the built-in functions are no
different in the contexts of other
tasks.
Entry name:
The name of the entry point
through which the procedure was
entered on its current invocation.
This is the same as the correspondin g
name in the SNAP information.
:ondition status:
condition:

For each PL/I on-

Whether it is enabled.
Variables: The value of every problem data
and program control variable and every
file constant declared in that block,
in data-directed format. Controlled
variables have every generation
transmitted, starting with the latest.
If a variable is uninitialized or
unallocated a comment is printed.

226

OS PLII CKT AND OPT LRM PART I

PUT ALL (,' DSFCTn')
where n is a number 1 through 9999.
all of the options may be specified
together.

Any or

When one or more of the options is
specified, SNAP and FLOW information is
given for each task for which other
information is transmitted, except that it
is always omitted f or the current task.
The other information is transmitted if one
or more of the options 0, S,F, or C is
specified. The information is given for
all tasks and blocks unless limited ~ one
or both of the options T and n.
The meaning of each option is as
follows.
0:

Values of problem and program control
variables, as defined under "Variables"
above, are transmitted. Values of file
constants are not transmitted.

S:

The same meaning as D, except that
array variables are not transmitted.

F:

Values of file constants are
transmitted.

C:

Values of the condition built-in
functions and the condition status of
each block are transmitted.

T:

Limits the output to the current task.

n:

Limits the output to this number of
blocks.

The options D and S conflict. There is
also a conflict if two or more numbers
corresponding to two vaiues of n appear in
the string.
In these cases" the option
specified latest in the string overrides
any earlier conflicting option.
Under the optimizing compiler, the syntax
of the PUT ALL statement is checked, then
it is ignored.

Program Amending

land their usage are given in the CMS and
ITSO User's Guides for the checkout
compiler.

When processing in conversational mode, the
programmer can suspend program execution
and obtain control a t the termi nal. He
does this by s.triking the appropriate key
at the terminal. This raises the ATTENTION
condition, which causes processing to be
interruptE=d, and in the absence of an
ATTENTION on-unit, control to be passed to
the terminal. If the interrupt takes place
within the scope of an ATTENTION on-unit,
control goes to the terminal upon normal
return from the on-unit.
rhe programmer can then do one of the
following ::
1.

2.

3.

He can enter PL/I statements for
immediate execution. When these
statements have been processed" he can
cause program execution to be resumed
at any specified point.
He can enterPL/I statements for
execution at a specified point once
program execution has been resumed.
These statements are not executed
immediately they are entered, as in
the preceding situation, but are
stored for later use.
Program
execution is resumed; when the
specified point in execution is
reached, then, without further action
by the programmer, program execution
is again suspended and the extra
statements are executed.
In order to
achieve this, the extra statements
must be preceded by an appropriate
tenninal subcommand. This is an
instruction to the checkout compiler.
In this instance, the subcommand
specifies the point at which program
execution will automatically be
suspended so that the extra statements
entered with it can be executed.
He can enter, by itself, one of a
number of terminal subcommands.

The subcommands provide various aids to
debugging that do not involve entering
extra statements.
Full details of the terminal subcommands
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The extra PL/I statements are always
executed in immediate mode; this applies
whether they are inserted while the
programmer has control at the terminal or
whether he has used a terminal command to
cause them to be inserted at a specified
point once program execution has been
resumed. These statements may refer to
names in three different circurr.stances:
1.

The names may be known in the scope of
the current block.

2.

The QUALIFY command may be used to
specify an external procedure in which
the name is known.

3.

In the case of an immediate DO-group
or begin block, the name may be known
only within the scope of that block.
An immediate-mode staterrent cannot
alter an existing declaration.

The restrictions imposed on PL/I
statements used in immediate mode are:

1.

The following statements cannot be
used in immediate-mode:
DEFAULT
ENrRY
FOR~AT

ON
PROCEDURE
2.

FETCH and RELEASE are valid in
immediate rrode only when they specify
procedures specified in FETCH and
RELEASE statements contained in the
original source program.

3.

An unmatched END statement cannot be
used.

4.

Statements cannot have condition
prefixes.

5.

The %INCLUDE facility may not be used.
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Chapter 16: Compile-time Facilities

Compile time is generally defined as that
time during which a user's source program
is compiled;, or translated, into an
executable object program. Ordinarily,
changes t.o a source program may not be made
at this time.
However, with PL/I, the programmer does
have somE! control over his source program
during compile time. His source program
can contain special statements (identified
by a leading percent symbol (%) that can
cause parts of the source program to be
altered in various ways:

1.

Any identifier appearing in the source
program can be changed.

2.

If conditional compilation is desired,
the programmer can indicate which
sect;ions of his program are to be
compiled.

3.

Strings of text residing in a user
library or a system library can be
incorporated into the source program.

PL/I makes source program alteration at
compile t:ime possible by providing two
stages:
1.

2.

The Preprocessor stage -- During this
stage, the user's source program is
scanned for preprocessor statements,
special statements that cause the
preprocessor to alter the text being
scanned.
These statements are
considered part of the source program,
and appear freely intermixed with the
statements and other text of the
source program. The altered source
program, resulting from the action of
the preprocessor statements, then
serves as input to the second stage.
Note that the preprocessor stage is
optional.
The Processor·Stage -- During this
stage, the output from the first stage
is compiled into an executable object
program.

Preprocessor Input and Output
The preprocessor interprets preprocessor
statements and acts upon the source program
accordingly.
Input to the preprocessor is
a sequence of characters that is the user's
source program.
It contains preprocessor
statements freely intermixed with the rest
of the user's source program. Preprocessor
statements are identified by a leading
percent symbol ( % ) and are executed as
they are encountered by the preprocessor
(with the exception of preprocessor
procedures, which must be invoked in order
to be executed) '. One or more blanks may
separate the percent symbol from the
statement.
In addition to interpreting the
preprocessor statements, the preprocessor
checks the source program for unmatched
delimiters on comments and character-string
constants.
It also Checks non-preprocessor
statements for invalid characters, and
replaces them with blanks.
This is the
only checking done at this stage on nonpreprocessor statements.
Output from the preprocessor consists of
a string of characters called the
preprocessed text. which consists of the
altered source program and which serves as
input to the processor stage.
The programmer can specify compiler
options that cause the input to., and the
output from, the preprocessor to be
printed. The listing of the input to the
preprocessor,. which represents the program
as coded by the programmer, is known as the
insource listin%, and the listing of the
input to the compiler - the preprocessed
text if the preprocessor is used - is known
as the source listing.
I
Similarly, by the use of compiler
loptions, the output from the preprocessor
Imay also be punched as a sequenced deck of
Icards, or written to a data set defined by
la DD statement with the name SYSPUNCH.

This chapter is concerned with the first
stage; the actual compilation of a program
is not di.scussed.

PREPROCESSOR SCAN

In addition to the preprocessor
statement;s, the programmer has at his
disposal listing control statements which
allcw him to control the layout of the
printed listing of his program.
These do
not employ the preprocessor stage.

The preprocessor starts its scan of the
input text at the beginning of the string
and scans each character sequentially. As
long as a preprocessor staterrent is not
encountered, the characters are placed into
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the preprocessed text in the same order and
general form in which they were scanned.
However, when a preprocessor statement is
encountered, it is executed. This
execution can cause the scanning of the
source program and the subsequent formation
of prE!processed text to be altered in
either of two ways:
1.

2.

']~he executed statement may cause the
preprocessor to continue the scan from
a different point in the program.
'I'his new point may very we 11 be one
t.hat has already been scanned.

'l'he executed statement may initiate
replacement activity. rhat is, it may
cause an identifier not appearing in a
preprocessor statement to be replaced
when that identifier is subsequently
encountered in the scan. The
replacement value will then be written
into the preprocessed text in place of
t.he old identifier (see "Rescanning
and Replacement" below for details).

The scan is terminated when an attempt
is made to scan beyond the last character
in the source program. The preprocessed
text is completed and the second stage of
compilation can then begin.

insertion of a value into preprocessed text
takes place only after all possible
replacements have been made. Note that the
deactivation of an identifier causes it to
lose its replacement capability but not its
value. Hence, the subsequent reactivation
of such an identifier need not be
accompanied by the assignment of a
replacement value.
For example, if the source program
contained the following sequence of
statements:
%DECLARE A CHARACTER, B FIXED;
%A = 'B+C';
%B = 2:
X = A:

then the following would be inserted into
the preprocessed text in place of the above
sequence:
X

= 2+C;

In this example, the first stateroent is
a preprocessor DECLARE statement that
activates A and B and also activates them
as preprocessor variables with the default
RESCAN.

Rescanning and Replacement
For an identifier to be replaced by a new
value, the identifier must first be
activated for replacement. Initially, an
identifier is activated by its appearance
in a preprocessor DECLARE statement (i.e.,
a % DECLARE statement).
(It can be
deactivated by appearing in a % DEACTIVATE
statement and it can be reactivated by
appearing in a % ACTIVATE statement.) After
it has been activated initially~ it must be
given a replacement value. This is usually
done via the execution of a preprocessor
assignment statement. Once an identifier
has been activated and been given a val ue,
any occurrence of that identifier in text
other than preprocessor statements is
replaced by that value, provided that the
identifier is still active when it is
encountered by the scan. Preprocessor
variables can be activated with either the
RESCAN or the NORESCAN options.
If the
NORESCAN option applies, the value is
immediately inserted into the program text.
If the RESCAN option applies, a rescan is
made during which the value is tested to
determine whether it, or any part of it.,
should be replaced by another value. If it
cannot be replaced, it is inserted into the
preprocessed text; if it can be replaced,
replacement activity continues until no
further replacements can be made. Thus,
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The second and third statements are
preprocessor assignment statements; the
second assigns the character string'B+C'
to A, and the third assigns the constant 2
to B.
The fourth statement is a
nonpreprocessor statement and, therefore,
is not executed at this stage.
(For the
purpose of this discussion, a
nonpreprocessor statement is any statement
or sequence of text that appears in the
source program but is not contained in a
preprocessor statement, nor in a
preprocessor procedure, nor in a comment.)
However, because this statement contains A,
and A is a preprocessor variable that has
been activated for replacement, the current
value of A will replace it in that
statement. Thus, ·the string 'B+C' replaces
A in the statement. But this string
contains the preprocessor variable B. Upon
checking B, the preprocessor finds that it
has been activated and that it has been
assigned a value of 2. Hence,. the value 2
replaces B· in the string. Further checking
shows that 2 cannot be replaced: scanning
resumes with +C which. again, cannot be
replaced. Thus, the chain of replacem.ents
comes to an end and the resulting statement
is inserted into the preprocessed text.

If, in the above example, the
preprocessor variable A has been activated
by this statement:
%ACTIVATE A NORESCAN;
the statement inserted into the text would
be:

x = B + C;
since the NORESCAN option for preprocessor
variable A suppresses the rescanning of the
result 'B+C' substituted for A.
Note that the preprocessor variable B
has a default precision of (5,0) and,
therefore, actually contains 2 preceded by
four zeros.
When this value replaces B in
the string 'B+C' it is converted to a
character string and becomes 2 preceded by
seven blanks (the rules for conversion of
decimal fixed-point values to character
string are followed). See the section
"Preprocessor Expressions" later in this
chapter, for details.
Replacement values must not contain
percent symbols, unmatched quotation marks,
or unmatched comment delimiters.

preprocessor statement, is only scanned for
replacement activity; it is not executed.
The first time that this statement is
scanned, I has the value 1 and has been
activated. Therefore. each occurrence of I
in this statement is replaced by 1 and the
following is inserted into the preprocessed
text being formed:
Z (

l)=X(

1) +Y(

1)

Note that each 1 is preceded by seven
blanks.
The fifth statement increments the value
of I by 1 and the sixth statement, a
preprocessor IF statement, tests the value
of I. If I is not greater than 10, the
scan is resumed at the statement labeled
LAB: otherwise, the scan continues with the
text immediately following the %GO TO
statement.
Hence, for each increment of I,
up to and including 10, the assignment
statement is rescanned and each occurrence
of I is replaced by its current value. As
a result, the following statements are
inserted into the preprocessed text:
Z(

1)

=X (

1)

+Y(

1) ;

Z(

2)

=X (

2)

+Y(

2) :

10) +Y(

10);

The following example illustrates how
compile-time facilities can be used to
speed up the execution of a DO-loop.

Z(
A programmer might include the following
loop in his program:
DO I=l TO 10;
Z(I)=X(I)+Y(I);
END;
The following sequence would accomplish the
same thing, but without the requirements of
incrementing and testing during execution
of the compiled program:
%DECLARE I FIXED;
%I=l;
%LAB: ;
Z (I) =X (I) +Y (I) ;
%I=I+l:
%IF I<=10 %THEN %GO TO LAB;
%DEACTIVATE I;
The first statement activates I and
establishes it as a preprocessor variable.
The second statement assigns the value 1 to
I. This means that subsequent encounters
of the identifier I in non-preprocessor
statements wi 11 be replaced by 1 (provided
that I remains activated). The third
statement~ is a preprocessor null statement
that is used as the transfer target for the
preprocessor GO TO statement appearing
later.
The fourth statement, not being a

10) =X (

As before, each number from 1 through 9
is preceded by seven blanks: the number 10
is preceded by six blanks.
When the value of I reaches 11, control
falls through to the %DEACTIVATE statement.
This statement is interpreted as follows:
subsequent encounters of the identifier I
in source program text are not to be
replaced by the value 11 in the
preprocessed text being formed; each I will
be left unmodified, either for the
remainder of the scan or at least until I
is reacti va ted by a %ACTIVATE statement .•
If I is again activated, it will still have
the value 11 (unless an intervening
preprocessor assignment statement has
established a new value for I).

ICharacter strings and Comments
IPL/I character or bit string constants and
Icomments are not processed by the
I preprocessor. The existence of an
lotherwise valid preprocessor statement in a
Icharacter string or comment will be
I ignored, as will the existence of a
Ipreprocessor variable for replacement.
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Such strings or comments will be passed
through unchanged from input to output.
However, this can cause mismatches between
input and output lines for strings or
comments extending over several lines, when
the input and output margins are different,
and particularly where V-format input is
used, since the output is always F-format,
with margins in columns 2 and 72.
The output line numbering in these cases
will also show this inevi table mismatch.

Preprocessor Variables
A preprocessor variable is an identifier
that has been specified in a %DECLARE
statement with either the FIXED or
CHARACTER attribute. No other attributes
can be declared for a preprocessor
variable. Other attributes are supplied by
the compiler, however. A preprocessor
variable declared with the FIXED attribute
is also given the attributes DECIMAL and
precision (5,0); a CHARACTER preprocessor
variable is given the VARYING attribute
with no maximum length. No contextual or
implicit declaration of identifiers is
allowed in preprocessor statements.
The scope of a preprocessor variable
encompasses all text except those
preprocessor procedures that have
redeclared that variable.
The scope of a
preprocessor variable that has been
declared in a preprocessor procedure is the
entire procedure (there is no nesting of
preprocessor procedures).

I activated for replacement unless it is
Isubsequently in an executed %ACTIVATE
I statement. The variable will be usable in
I preprocessor statements" however, so that
lit is not essential to declare iterative DO
Icontrol variables or intermediate result
I temporaries" which are not themselves
Ireplacement items.

Preprocessor Expressions
Preprocessor expressions are written and
evaluated in the same way as source program
expressions, with ·the following exceptions:
1.

The operands of a preprocessor
expression can consist only of
preprocessor variables, references to
preprocessor procedures, decimal
integer constants, bit-string
constants, character-string constants,
and references to the built-in
functions SU BSTR, INDEX, and LENGTH.
Repetition factors are not allowed
wi th the stri ng constants and the
arguments to a built-in function
reference must be preprocessor
express ions.

2.

The exponentiation symbol (**) cannot
be used as an arithmetic operator.

3.

For arithmetic operations, only
decimal integer arithmetic of
precision (5,0) is performed; that is,
each operand is converted to a decimal
fixed-point value of precision (5,0)
before the operation is performed" and
the decimal fixed-point result is
converted to precision (5,0) also.
Any character string being converted
to an arithmetic value must be in the
form of an optionally signed decimal
integer constant. Note that the
properties of the division operator
are affected. For example, the
expression 3/5 evaluates to 0" rather
than to 0.6.

4.

The conversion of a fixed-point
decimal number to a character string
always results in a string of length
8.
(Leading ieros in the number are
replaced by blanks and an addi tiona!
three blanks are appended to the left
end of the number, one of which is
replaced by a minus sign if the number
is negative.)

When a preprocessor variable has been
given a value, that value replaces all
occurrences of the corresponding identifier
in text other than preprocessor statements
during the time that the variable is
active,.
If the preprocessor variable is
inactive, replacement activity cannot occur
for the corresponding identifier.
A preprocessor variable is activated by
its appearance in the %DECLARE statement.
It can be deactivated and subsequently
reactivated by its appearance in
~DEACTIVATE and ~ACTIVATE statements,
respec~tively.
Deactivation of a
preprocessor variable does not strip it of
its value; in other words, an inactive
preprocessor variable retains the value it
had while i t was active and can be altered
by a preprocessor statement or procedure if
so desired.

I

If a preprocessor variable is not
lexplicitly declared the error will be
Idiagnosed, and it will be given the default
lattribute of CHARACTER, but will not be
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A character string in an expression
being assigned to a preprocessor variable
may include preprocessor variables,
references to preprocessor procedures,
constants, and operators; preprocessor
statements cannot be included in such

strings.

Preprocessor Proced ures
A preprocessor procedure is an internal
function procedure that can be executed
only a t t~he preproce ssor stage.
Its syntax
jiffers from other function procedures in
that its PROCEDURE and END statements must
each have a leading percent symbol. The
format of a preprocessor procedure is as
follows:
~label:

[label:] • • • PROCEDURE
[(identifier
[,identifier] ••• )]
RETURNS{(CHARACTERIFIXEO)};

present ei,ther in the main text, or in
included text (by a %INCLUDE statement) at
the point of invocation. Preprocessor
procedure entry names need not be specified
in %DECLARE statements.
The value returned by a preprocessor
function (i.e., the value of the
preprocessor expression in the RETURN
statement) always replaces the function
reference and its associated argument list.
Note that for a reference made in a
preprocessor statement, the replacement is
only for that particular execution of the
statement; a subsequent scanning of the
statement would again result in the
invoca tion of the functi on.

ARGUMENTS AND PARAMETERS FOR
PREPROCESSOR FUNCTIONS
[label:] ••• RETURN
(preprocessor-expression);

~

[label:]

END [label];

More than one RETURN statement may
appear. The general rules governing the
statements that can appear within a
preprocessor procedure are given in the
description of the %PROCEDURE statement in
section J, "Sta tements". One thing should
be noted, however: no statement appearing
within a preprocessor procedure can have a
leading percent symbol.

INVOCATION OF PREPROCESSOR PROCEDURES
A preprocessor procedure is invoked by a
function reference in the usual sense;
i.e., by the appearance of the entry name
and its associated argument list (if any)
in an expression. The function reference
can appear in a preprocessor statement or
in a nonpreprocessor statement.
A condition must be met if the reference
to the preprocessor procedure is made in a
nonpreprocessor statement: the entry name
used in the reference must be active at the
time the reference is encountered. Entry
names of preprocessor functions are the
same as preprocessor variables as far as
activation and deactivation is concerned;
i.e., they can be activated initially by a
%DECLARE statement or h¥ a %ACTIVATE
statement.
Provided its entry name is active, a
preprocessor procedure need not be scanned
before it is invoked. It must, hCMever, be

The number of arguments in the procedure
reference and the number of parameters in
the %PROCEDURE statement need not be the
same. The arguments are interpreted
according to the type of statement
(preprocessor or nonpreprocessor) in which
the function reference appears. The
arguments in the argument list are
evaluated before any match is made with the
parameter list. If there are more
arguments than parameters, the excess
arguments on the right are ignored.
(Note
that for a function reference argument, the
function is invoked and executed, even if
the argument is ignored later,.) If there
are fewer arguments than parameters, the
excess parameters on the right are given
values of zero, for FIXED parameters, or
the null string, for CHARACTER parameters.
The usual rules concerning the creation of
dummy arguments apply if the function
reference is in a preprocessor statement"
but dummy arguments are always created if
the function reference occurs in a
nonpreprocessor statement.
If the function reference appears in a
nonpreprocessor statement, the arguments
are interpreted as character strings and
are delimited by the appearance of a comma
or a right parenthesiS occurring outside of
balanced parentheses.
For exarr,ple, the
argument list (A(B,C),D) has two arguments,
namely, the string A(B,C) and the string D.
IIf an argument is not enclosed in quotes
land is continued on another line, blanks at
Ithe end of the line are replaced by one
I blank.
Each argument is then scanned for possible
replacement activity. Both the procedure
name and its ar'gQment list must be fotmd at
one replacement level.
Thus, only the
comma$ and parentheses seen in the text
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being scanned when the procedure name is
encountered are considered in this context.
After all replacements have been made, each
resulting argument is converted to the type
indicated by the corresponding parameter
attribute in the preprocessor procedure
statement for the function entry name.
If the function reference appears in a
preprocessor statement, the arguments are
associated with the parameters in the
normal fashion.
If there is a
disagr1eement, the arguments are converted
to the attributes of the corresponding
parame·ters.
Only preprocessor variables,
character- string constants, and fixedpoint decimal constants can be passed to a
preprocessor function invoked by a
preprocessor statement.

Return:ed Value
The val ue returned by a preprocessor
function to the point of invocation is
represented by the preprocessor expression
in the RETURN statement of that function.
Before being returned, this value is
converted (if necessary) to the attribute
(CHARACTER or FIXED) specified in the
RETURNS option of the function's "PROCEDURE
statement.
If the point of invocation is
in a nonpreprocessor statement, and the
entry name has not been activated with the
NORESC.AN option, the val ue is scanned for
replacement activity after i t has replaced
the function reference.
Note that the rules for preprocessor
expressions do not permit the value
returned by a preprocessor procedure to
contain preprocessor statements.

Example of Preprocessor Functions
In the statements below, VALUE is a
preprocessor function procedure that
returns a character string of the form
'arg1(arg2) I, where arg1 and arq2 represent
the arquments that have been passed to the
function.
Assume that the source program
contains the following sequence:
"DECLARE A CHARACTER:
"DECLARE VALUE ENTRY:
DECLARE (Z(lO), Q) FIXED;
%.1'.=' Z' ;
%VALUE: PROC (ARGl ,ARG2) RETURNS (CHAR);
DeL ARG1 CHAR, ARG2 FIXED:
RETURN (ARGl I I I ( ' I I ARG2 I I I ) , ) :
"END VALUE:
Q = 6+VALUE(A,3):
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When the scan encounters the last
statement, A is ac,ti ve and is thus eligible
for replacement.
Since VALUE is also
active, the reference to i t in the last
statement causes the preprocessor to invoke
the preprocessor function procedure of that
name.
However" before the arguments A and
3 are passed to VALUE, A is replaced by its
value Z (assigned to A in a previous
assignment statement) " and 3 is converted
to fixed-point to conform to the attribute
of its corresponding parameter.
VALUE thep
performs a concatenation of these arguments
and the parentheses and returns the
concatenated value, that is, the string Z
(3), to the point of invocation. The
returned value replaces the function
reference and the resul t is inserted into
the preprocessed text.
Thus, the
preprocessed text generated by the above
sequence is as follows:
DECLARE (Z(10),Q) FIXED:
Q = 6+Z(
33):
The preprocessor function procedure GEN
defined in the following example can
generate a GENERIC declaration for uF to 99
entry names with up to 99 parameter
descriptors in the parameter descriFtor
lists.
Only four are generated in this
example, however.
Assume that the source program contains
the following sequence:
"DCL GEt'l ENTRY:
DCL A GEN (A,2,5,FIXED), ••• :
%GEN: PROC(NAME,LOW,HIGH,ATTR) RETURNS
(CHAR) :
DCL (NAME, SUFFIX, ATTR, STRING)
CHAR, (L<Nl,. HIGH, I, J) FIXED;
STRING='GENERIC(':
DO I=LOW TO HIGH;/*ENTRY NAME LOOP*/
IF 1>9 THEN SUFFIX=SUBSTR(I, 7, 2);
/* 2 DIGIT SUFFIX*/
ELSE SUFFIX=SUBSTR(I, 8, 1);
/*1 DIGIT SUFFIX*/
STRING=STRING I I NAME II SUFFIX II' WHEN (':
DO J=l TO I: /*DESCRIPTOR LIST*/
STRING=STRING IIATTR:
IF J<I /*ATTRIBUTE SEPARATOR*/
THEN S'rRING=STRINGII',':
ELSE STRING=STRINGII')';
/* LIST SEPARATOR */
END:
IF I<HIGH /*ENTRY NAME SEPARATOR*/
THEN STRING=STRINGI I',':
ELSE STR ING= STRING I I ')';
/* END OF LIST */
END:
RETURN (STRING):'
" END:

The following text is produced by this
preprocessor procedure:
DCL A GENERICCA2 WHEN CFIXED,FIXED),
A3 WHEN (FIXED, FIXED,
FIXED) "
A4 WHEN (FIXED, FIXED,
FIXED, FIXED),
AS WHEN (FIXED, FIXED,
FIXED, FIXED, FIXED»;

SUBSTR, LENGTH, and INDEX Built-in
Functions
A reference to SUBSTR, LENGTH, or INDEX in
a nonpreprocessor statement is executed by
the preprocessor only if these names are
active. These built-in functions can be
activated only by a %DECLARE or %ACTIVATE
statement. If any of the identifiers
SUBSTR, LENGTH, and INDEX appear in
prefixes to %PROCEDURE statements, it is
assumed that references are to be to userdefined preprocessor procedures of that
name.
In such cases the identifiers
SUBSTR, LENGTH, and INDEX may be redeclared with the BUILTIN attribute when
the built-in functions are to be used
within a preprocessor procedure.
The built-in functions behave in the
same way as user preprocessor functions
whe n encountered in source text or in
preprocessor statements.
The fi rst argument of SUBSrR, LENGTH and
INDEX is, if necessary, converted to
character; the second and third arguments
of SUBSTR are, if necessary, converted to
decimal; and the second argument of INDEX
is, if necessary, converted to character.
rhe returned value is CHARAcrER for SUBSTR,
and FIXED for LENGTH or INDEX.

label that can follow the keyword END must
be one of the labels preceding the keyword
DO. Preprocessor do-groups may be nested
and multiple closure is allowed.
Control cannot be transferred into a
preprocessor do-group specifying iteration,
except by way of a return from a
preprocessor procedure invoked from within
the group.
Both preprocessor statements and text
other than preprocessor statements can
appear within a preprocessor do-group.
However, only the preprocessor statements
are executed; nonpreprocessor statements
are scanned but only for possible
replacement activity.
Noniterative preprocessor do-groups are
useful as THEN or ELSE clauses of %IF
statements.
The expansion of a preprocessor do-group
is similar to that shown under the
nonpreprocessor DO statement section J,
"Statements" •
The example below results in the same
expansion generated for the example of
preprocessor loop expansion in the section
"Rescanning and Replacement" in this
chapter:
%DECLARE I FIXED;
%DO I=l TO 10;
Z (I) =X (n + Y ( I) ;
%END;
%DEACTIVATE I;
The second example under "Returned
Value" shows how preprocessor do-groups can
be used within a preprocessor procedure
(percent symbols must be omitted, of
course) •

Inclusion of External Text
PreprOCEtSSOr Do-group
rhe preprocessor do-g roup can provide
i terati ve execution of the preprocessor
statements contained within the group. The
format of the preprocessor do-group is as
follows:

]1];

%[label:] ••• DO [i=ml[ro m2 [BY m3
BY m3[TO m2~

%[label:] ••• END[label];
In the above format, i must be a
preprocessor variable and ml, m2, and m3
must be preprocessor expressions. The--

strings of external text can be
incorporated into the source program by use
of the %INCLUDE statement. Such text" once
incorporated" is called included text and
may consist of both preprocessor,and
nonpreprocessor statements.
Hence,
included text can contribute to the
preprocessed text being formed.
Note: If text inclusion is the only preprocessor facility required, that is, if
the source program and the included text
contain no preprocessor statements other
than %INCLUDE, the preprocessor stage may
be omitted.
(For the optimizing compiler"
this necessitates the use of the INCLUDE
compiler option. See the programmer's
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guide for the optimizing compiler.)
If the included text contains any
preprocessor declarations" the scope of the
names declared as preprocessor variables is
all the included text and any text which
follows the included text, except
preprocessor procedures in Which the name
is redeclared.
The general format and the rules
governing the use of the %INCLUDE statement
are presented in section J, "Statements".
The text specified by a ~INCLUDE
statement is incorporated into the source
program inunediately after the point at
which the statement is executed.
The scan
therefore continues with the first
character in the included text.
All
preprocessor statements in this text are
executed and replacements are made where
required.

namely, CUM_PAY. Further scanning of the
included text results in no additional
replacements. The scan then encounters the
%DEACTIVATE statement. Execution of this
statement deactivates the preprocessor
variable PAYROLL and makes the identifier
ineligible for replacement.
When the
second %INCLUDE statement is executed, t.he
text in PAYRL once again is incorporated
into the source program. This time,
however, scanning of the included text
results in no replacements whatsoever,
because none of the identifiers in the
included text are active. Thus, two
structure declarations, differing in name
only, are inserted into preprocessed text.

Preprocessor Statements

Preprocessor procedures whose
declarations appear in external text can be
invoked only after that external text
becomes included text. The result of a
preprocessor procedure reference
encountered before that procedure has been
incorporated into the source program is
undefined.

This section lists those statements that
can be used at the preprocessor stage and
briefly discusses those preprocessor
statements that have not yet been explained
in this chapter. All of the preprocessor
statements, their formats, and the rules
governing their use are described in the
sub-section "preprocessor Statements" in
section J, "Statements".

Assume that PAYRL is a member of the
data set SYSLIB and contains the following
structure declaration:

But first, some unrelated comments
pertaining to preprocessor statements in
general should be made:

DECLARE 1 PAYROLL,
2 NAME,
3 LAST CHARACTER (30) VARYING,
3 FIRST CHARACTER (15) VARYING,
3 MIDDLE CHARACTER (3) VARYING,
2 MAN NO,
3 REGLR FIXED DECIMAL (8,2),
3 OVERTIM FIXED DECIMAL (8,2),
2 RATE,
3 REGLAR FIXED DECIMAL (8,2),
3 OVERTIME FIXED DECIMAL (8,2):
Then the following sequence of
preprocessor statements:
%DECLARE PAYROLL CHARACrER:
%PAYROLL='CUM PAY';
%INCLUDE PAYRL;
%DEACTIVATE PAYROLL:
%INCLUDE PAYRL:
will generate two identical structure
declarations into the preprocessed text.,
the only difference being their names,
CUM_PAY and PAYROLL. Execution of the
first %INCLUDE statement causes the text in
PAYRL to be incorporated into the source
program. When the scan encounters the
identifier PAYROLL in this included text,
it replaces it by the current value of the
active preprocessor variable PAYROLL,
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1.

Some keywords appearing in
preprocessor statements can be
abbreviated as shown in section C,
"Keywords and Abbreviations".

2.

Conunents can appear within
preprocessor statements wherever
blanks can appear: however, such
comments are never inserted into
preprocessed text.

3.

All preprocessor statements can be
labeled. such labels must appear
immediately following the ~ (only
blanks can intervene). All latels
must be unsubscripted statement label
constants.
(Labels on ~DECLARE
statements are ignored.)

The functions performed by the following
preprocessor statements have already been
discussed in this chapter:
%ACTIVATE
%DEACTIVATE
~DECIARE

%00
~END

%INCLUDE
"PROCEDURE
RETURN

Note that the preprocessor RETURN
statement cannot have a leading % because
it can be used only within a preprocessor
procedure, and all percent symbols must be
omitted therein.
Four other statements can be executed at
the preprocessor stage:
%assignment
%GO 'ro
%IF
%null
The preprocessor assignment statement is
used to evaluate preprocessor expressions
and to assign the result to a preprocessor
variable. All of the examples shown in
this section make use of this statement.
The % GO TO statement causes the
preprocessor to interrupt its sequential
scanning and continue it elsewhere in the
source program" specifically at the label
specified in the % GO TO. Thus, it can be
useful for res canning or avoiding text.
The % IF statement can be used to
control the sequence of the scan according
to the value of a preprocessor expression.
It must have a THEN clause and it can have
an ELSE clause. Each clause, as well as
each preprocessor statement within the
clause, must be preceded by a %. Nesting
of %IF statements is allowed and must
follow the same rules that apply for the
nesting of nonpreprocessor IF statements.
The preprocessor null statement is the
same as a nonpreprocessor null statement
(except for the percent symbol). It can be
used to provide transfer targets for %GO TO
statements or it can be used in nested ~IF
statements to balance the %ELSE clauses.
?or example, %ELSE%: is a null ELSE clause.

Listing Control Statements
There are three statements that give the
programmer control over the layout of his
printed listing:
%SKIP [( n) ] :
%PAGE;
%CONTROL(FORMATINOFORMAT) :
%SKIP specifies that a number of lines in
the listing are to be skipped, and %PAGE
specifies that the listing is to be
contin ued. on the f ollowi ng page. ~CONTROL
activates and de-activates the FORMAT
option of the checkout compiler.
Although the statements have the initial
percent symbol;, they do not necessitate the

use of the preprocessor. If the
preprocessor is used, however, the %PAGE
and %SKIP staterrents are applied to both
the insource listing (the input to the
preprocessor) and the source listing (the
preprocessed text). The %CONTROL statement
applies only to the formatted listing
produced by the checkout compiler.
Application of the statement %SKIP(n):
to either the insource listing or the
source listing cause n blank lines to be
inserted before the next line in the
listing. The statement %SKIP: is
~quivalent to %SKIP(1):.
The statement %PAGE: causes the next
line of text in the listing to be printed
on the first line of the next page. There
are no options that can be specified in a
%PAGE statement.
The %CONTROL statement is executed with
one of the options FORMAT and NOFORMAT.
When FORMAT is specified as a compiler
option, a %CONTROL(NOFORMAT) statement
suspends the compiler option's formatting
action. A subsequent %CONTROLCFORMAT)
statement restores the formatting action.
The %CONTROL statement has no effect when
the FORMAT compiler option is not
specified.
After being put into effect, a %SKIP or
statement is not printed by the
preprocessor and is deleted from the text
by the compiler: it does not appear in the
formatted listing. %CONTROL statements do
not appear in formatted listings.

~PAGE

To cause formatting of the listing, the
I%CONTROL statement must be on a line of
text with no other statements.
When the preprocessor is used, a %SKIP,
%PAGE, or %CONTROL statement with text
other than comments on the same line is
moved by the preprocessor onto a line of
its own, so that it is put into effect when
the compiler listing is printed. Hence the
preprocessor listing will be exactly as
coded, but the source listing will have
line or page skips in accordance with any
~PAGE and %SKIP statements, and the FORMAT
compiler option will be put in effect or
not in accordance with any %CONTROL
st atements.
When the preprocessor is used" a keyword
or other identifier split accross the end
of a line that contains a %PAGE or ~SKIP
has its two parts concatenated to form a
complete identifier in the source listing.
If the deletion of the %SKIP or %PAGE
statement provides sufficient space, the
complete word app~ars on the same line as
the first part: otherwise it is used to
start a new line.
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r-----·-----------------------~-------------------~--- ----------~---~--------------~-----,

Programmer's
Code

I Insource Listing ~ Source I
I Listing without Preprocessor I

A=B;
%SKIP( 2) ;
C=D;

I
I
1
1

Source Listing after
Preprocessing

A=B;

A=B;

C=D:

C=D:

I
I

------------------------------------~-------------------------------------~-~----------

X=2: "SKIP(l):
Y=Oi

I

I

1

X=2: %SKIP(l);
Y=O;

I

x=2:

1

1

Y=O;

------~----------------------------------------------------------------------------~--~-

B1='l'Bi
%SKIP;B2='O'B;

B1='1'B;
%SKIPiB2='O'Bi

I
I
I

B1='l'Bi

B2='O'B;

----- .. P=O;
--------------------~------~-------------------------------------~----------~---•••
P=O; ••• %SKIP(1);SIG
1
P=Oi •••
~SKIP(l);SIG

NAL CONVERSION;
(G of SIGNAL in
last posn. in line)

NAL CONVERS ION;

RES=SQRT (X) ;
%PAGE;
DCL Z FLOAT;

DCL Z FLOAT i at
start of new page

1

1

I

OPEN FILE (F1);
%PAGE; PUT (REC_1);

I
I

LLOCATE A_3;
(A of ALLOC.A.TE in
last posn. in line)

1
I
I

No skip to new page

SIGNAL
CONVERSION;
DCL Z FLOAT; at
start of new page

I
I

PUT (REC_1); at
start of new page

1
1
I

start of new page

1---------------------------------------------------------------------------------------1
END LOOP_3B;%PAGE;A
I
No skip to new page
1
ALLOCATE A_3; at
I
1
I

L-----.. --------______________________________________ ------------------_________________ I

Figure 16.1.

Effects of %PAGE and %SKIP

If n in a ~SKIP (n); statement is greater
than the number of lines remaining on the
page, the equivalent of a %PAGE; statement
is executed in its place.
The effects of the %SKIP and %PAGE
statements in various situations are shown
in figure 16.1.
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Chapter 17: Multitasking

The use of a computing system to execute a
number of operations concurrently is
broadly tE~rmed multiprogramming. The PL/I
programmer can make use of the
multiprogramming capability of the system
by means of the multi tasking facilities
described in this chapter.
A PL/I program is a set of one or more
procedures, each of which consists of one
or more blocks of PL/I statements. The
execution of these procedures constitutes
one or more tasks, each of which can be
identified by a different task name. A
task is dynamic; it exists only while the
procedure is being executed. This
distinction between the procedure and its
execution is essential to the discussion of
multitasking. A procedure could be
executed several times in different tasks.
When the multitasking facilities are not
used, the execution of a program comprising
one or more procedures constitutes a single
task, with a single flow of control; when a
procedure invokes another procedure,
control is passed to the invoked procedure,
and execut.ion of the invoking procedure is
suspended until the invoked procedure
passes control back to it. This serial
type of operation is said to be
synchrono,~; when the programmer is
concerned only with synchronous operations,
the distinction between program and task is
relatively unimportant.
with multitasking, the invoking
procedure does not relinquish control to
the invokE~d procedure. Instead., an
additional flow of control is established,
so that both procedures can be executed (in
effect) concurrently. This process is
known as ~ttachinq a task.
The attached
task is a subtask of the attaching task.
Any task can attach a number of subtasks.
rhe task that has control at the outset is
called toe major task. This parallel type
of operation is said to be asynchronous.
The diagram shown in figure 17.1
illustrates the difference between
synchronous and asynchronous operations.
The arrowed lines represent the control
flows.
Procedures A and B are executed
synchronously; C and D are executed
asynchronous ly.
When several procedures are executed as
asychronous tasks, individual statements
are not necessarily executed simultaneously
by different tasks; whether this occurs
depends on the state and resources of the

system. Hence, at any given time, it may
be necessary for the system to select its
next action from a number of different
tasks. Each task has a priority value
associated with it, which governs this
selection process.
The programmer can
control the priority of the task, within
limits, if he wishes to do so; otherwise,
the priority value is set automatically.
A:PROC;--------1..
~ CALL B; :------~.~ END A;

B:PROC; -----~•• END;

C:PROC;-------1•• CALL D TASK;

D: PROC;

Figure 17.1.

----~..
~

------1...

ENDC;

END;

Synchronous and
asynchronous operation

A task can have control of either the
CPU or the systems's I/O resources. I/O
may be performed in one task while CPU
operations are being carried out in
another, and there may, at the same time,
be other tasks waiting for one or other of
the resources. Operation of the CPU can be
interrupted if a task of higher priority
than the current one requires CPU
facilities.
Interruption can occur, for
instance, if a higher-priority task
completes an I/O operation or if the
current task attaches a subtask of higher
priority. An I/O operation is never
interrupted; I/O resources can only be reallocated after completion of an I/O
operation. When an I/O operation is
completed., the system searches amongst all
the active tasks that require the I/O
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resources to find the one with the highest
priority.
The checkout and optimizing compilers
implement the multitasking features of PL/I
in different ways. The optimizing compiler
utilizes the operating system tasking
facilities, whereas the checkout compiler
maintains full control of all processing,
whether synchronous or asynchronous.
The
results produced by a multitasking program
will, however, be the same under both
I compilers.
(This is only true if execution
lof the multitasking program is independent
lof time.
If the code in one procedure is
I dependent on the values of variables in
lanother procedure that is executing
I asynchronously!, the use of variables in
Iseparate tasks must be synchronized.)
It may be that one task is to run
independently of other concurrent tasks for
some time, but then become dependent on
some other task (for example, one task may
require the result of another task before
it can be completed). To allow for this,
provision has been made for one task to
await the completion of an operation at any
stage of another task before carrying on.
rhis process is known as task
synchronization.
Information about the
state of an operation can be held by an
event variable, to which an event name
refers.
By specifying an event name in a
WAIT statement" the programmer can cause
the task to wait for completion of the
associated operation before proceeding.
The programmer can apply the EVENT
option to tasks and certain input/output
operat.ions, in which case the value of the
event variable is set automatically as a
resul t of the operation concerned: or he
can set the value explicitly.
The EVENT option allows an input/output
operation to proceed asynchronously with
the task that initiated it: at any time
subsequent to the initiation of the
input/output operation, the task can await
its completion.
For example, a task can
display a message to the operator and,
instead of waiting for a reply, can
immediately proceed, pausing later to deal
with the reply.
In general, the rules associated with
the synchronous invocation of procedures
apply equally to the asynchronous
attachment of tasks. For example, on-units
established prior to attachment of a
subtask are inherited by the subtask" just
as if the initial block of the subtask had
been synchronously invoked.
However,
asynchronous operation introduces some
extra considerations, such as the fact that
a number of concurrent tasks can
independently refer to one variable.
This
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necessitates some extra rules, which are
described in this chapter.
Multitasking also requires some extra
rules and provisions for input/output.
For
example, without special provision, there
would be nothing to prevent one task from
operating on a record in a DIRECT UPDATE
file while another task was operating on
the same record: to cope with this, the
EXCLUSIVE attribute is provided. The
protection of records on EXCWSIVE files is
described in chapter 12, "Record-Oriented
Transmission" •
Tasks can be terminated in a number of
different ways.
Normal termination occurs
when control for the task reaches a RETURN
or END statement for the procedure attached
as a task. The EXIT statement specifies
abnormal termination of the task and its
subtasks, while the STOP statement
specifies abnormal termination of the major
task (even if STOP is executed in a
subtask) •
Multitasking may allow the central
processing unit and input/output channels
to be used more efficiently" by reducing
the amount of waiting time.
It does not
necessarily follow that an asynchronous
program will be more efficient than an
lequivalent synchronous program (although
Ithe latter may be easier to write). It
depends on the amount of overlap possible
between operations with varying amounts of
input/output; if the overlap is slight,
Imultitasking will be the less efficient
method, because of the increa'sed system
overheads.

Tasking and Reentrability
If multitasking is required" there is no
need to specify the TASK keyword in the
OPTIONS option of the PROCEDURE statement
for the main procedure. Under the
optimizing compiler, the multitasking
modules of the PL/I library are made
available by means of the SYSLIB DO job
control statement; and lIDder the checkout
compiler, the multitasking. facilities are
always available. It is not an error to
specify TASK in the PROCEDURE statement; if
present, the keyword is ignored. This
allows programs written for the PL/I(F)
compiler to be compiled without error
messages being generated.
Under the optimizing compiler, it is,
however, necessary to specify the REENTRANT
option if the procedure could possibly be
attached as more than one task, to be
executed concurrently. The code generated
by the compiler might otherwise not be

reentrant.
When REENTRANT is specified, the
compiler will generate code that is
reentrable as far as machine instructions
and compiler-created storage is concerned.
However the programmer must ensure that the
logic of his PL/I source code is such that
the program remains reentrable.
In
particular, he must not overwrite static
storage.

Creation of Tasks
rhe programmer specifies the creation of an
individual task by using one or more of the
multitasking options with a CALL statement.
Once a procedure has been activated by
execution of such a CALL statement, all
blocks synchronously activated as a result
of its execution become part of the created
task, and all tasks attached as a result of
its execution become subtasks of the
created task.
The created task itself is a
subtask of the task executing the CALL
statement.
All programmer-created tasks
are subtasks of the major task.
Note: A t:ask can be attached by a
procedure entered as a result of a function
reference in a PUT statement for the
standard file SYSPRINT.

CALL STATEMENT
rhe CALL statement for asynchronous
operation has the same form as that for
synchronous operation, except for the
addition of one (or any combination) of the
multitasking options, TASK, EVENT, or
PRIORITY. These options, in addition to
their individual meanings (listed below)"
all specify that the invoked procedure is
to be executed concurrently with the
invoking procedure.
The Cru~L statement for asynchronous
operation can specify arguments to be
passed to the invoked procedure" just as it
could if the operation were to be
synchronous •

TASK Option
TASK option has the following format:
TASK {(element-task-name)]
The task name can be subscripted and/or

qualified. Without the task name" the
option merely specifies asynchronous
operation.
If the task is to have a name,
the option must appear complete with the
task name, which is thus contextually
declared to have the TASK attribute, unless
an explicit declaration exists. This is
the only way in which a task can acquire a
name.
(Explicit declaration of a task
variable does not associate the task name
with any task.) The name can be used to
control the priority of the task at some
other point, by means of the PRIORITY
pseudovariable and built-in function. The
task name has no other use to the PL/l
programmer.

EVENT Option
The EVENT option has the following format:
EVENT (element-event-name)
The event name can be subscripted and/or
qualified. When this option is used, the
event name is contextually declared to have
the EVENT attribute (unless an explicit
declaration exists) and is associated with
the completion of the task created by the
CALL sta tement.
Another tas k can then be
made to wait for completion of this task by
specifying the event name in a WAIT
statement of the other task.
An event variable has two separate
values: a completion value that indicates
whether or not the event is complete, and a
status value that indicates whether the
event has been abnormally completed. The
completion value is a single bit, and the
status value is a fixed binary number of
precision (15,0). When the CALL statement
is executed, the completion value of the
event variable is set to 'O'B (for
"incomplete") am the status value to zero
(for "not abnormally completed"). On
termination of the created task, the
completion value is set to 'l'B, and, in
the case of abnormal termination, the
status value is set to 1 (if it is still
zero) •
The EVENT option can also be specified
on the READ, WRITE., REWRITE, and DELETE
statements, and on the DISPLAY statement
with the REPLY option (see chapter 8,
"Input and Output"). In these cases, it
allows other processing to continue while
the input/output operation is being
executed.
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PRIORITY Option
when a number of tasks simultaneously
require attention, a choice has to be made
Onder the optimizing compiler, this choice
is made by the operating system, based on
the relative importance of the various
tasks: a task that has a higher priority
value than the others will receive
atten'tion first.
Note that tasks, other
than those executing the user's program and
those in a wait state, may require
attenti on from the system, and may have a
higher priority than any of the user's
tasks.. Under the checkout compiler, the
choice is made by the compiler, but when
processing in one task is interrupted, the
compiler always gives control to the task
within the same program that has the
highest priority.
The PRIORITY option has the following
format:

lie within the range 0 to the highest on
the current job step).

PRIORITY OF TASKS
A priority specified in a PL/I source
program is a relative value; the actual
value depends on factors outside the source
program.
Under OS, the priority associated with
each job step is provided by the
programmer, using the PRTY parameter in the
JOB statement. This priority can have any
number from 0 through 14: the higher the
number, the higher the priority.
The priority of the major task of the
PL/I program when the program is first
entered is:
MIN«16*(jobstep prty)+14),disptch prty)

PRIORITY

(~xpression)

If this option appears in the CALL
statement, the expression is evaluated to a
binary integer !!!, of precision (n,O), where
n is implementation-defined (15 for this
implementation). The priority of the
created task is then made m relative to the
task executing the CALL statement. The
lowest absolute priority possible is 0; the
highest absolute priori ty possible is 234.
(See .. Priori ty of Tasks, II in this chapter)
If the option does not appear, the
priority of the attached task is equated to
that of the task variable named in the TASK
option, if any, or else equated to the
priority of the attaching task.
If the
programmer employs a task variable, he must
specify a priority for the task (by means
of either the PRIORITY pseudovariable or
the PRIORITY option of the CALL statement),
otherwise the priority will be undefined.

where "disptch prty" is the dispatching
priority used in the job control language
parameter DPRrYoo The default dispatching
priority is the job step priority. The
maximum priority for the program is:
(16* (jobstep prty)+14)
(This is a minor incompatibility with
previous releases of the optimizing and
PL/I F compilers" but allows full use of
f job control and operating system
I facilities.)
If an attempt is made to create a
subtask with a higher priority than the
maximum priority, the subtask will be
executed at the maximum priority. Priority
can be reduced to zero, but not below (a
priority of less than zero, will be treated
as zero priority)" A task can change its
own priority and that of any other task.

Examples
1.

CALL PROCA TASK (T1) ;

2.

CALL PROCA TASK (T2) EVENT(ET2);

3.

CALL PROCA TASK (T3) EVENT(ET3)
PRIORITY (- 2) ;

4.

CALL PROCA PRIORITY(1);

ThE~ CALL statements in the above
examples create four different tasks that
execu1:e one procedure, PROCA.
In example
3, thE~ subtask T3 has a lower priority than
the attaching task, while in example 4, the
unnamed subtask has a higher priority than
the attaching task.
(It is assumed that
the priorities of the attached tasks would
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PRIORITY BUILT-IN FUNCTION AND
PSEUDOVARIABLE
The PRIORITY pseudovariable provides a
method of setting the priority of a named
task relative to the current task. The
effect of the statement
PRIORITY(T)=N:
is to set the priority of the taskT equal
to the priority of the current task plus
the integral value of the expression Noo
If
the priority thus calculated would be
higher than the maximum priority or less
than zero, the implementation ensures that

the priority is set to the maximum, or
zero, respectively.

SHARING DATA BETWEEN TASKS

The PRIORITY built-in function returns
the relativ'e priority of the named task
(that is, ·the difference between the actual
priority of the named task and the actual
priority of the current task). Consider a
task, Tl,that attaches a subtask, T2, that
itself attaches a subtask, T3.
If task T2
executes the sequence of statements

It is the programmer's reponsibility to
ensure that two references to the same
variable cannot be in effect at one instant
if either reference would cause the value
of the variable to be changed.. He can do
so by including an appropriate WAIT
statement at a suitable point in his source
program to force temporary synchronization
of the tasks involved.
Subject to this
qualification., and the normal rules of
scope, the following additional rules
apply:

PRIORITY(T3) =3;
X=PRIORITY(T3) ;
X will not necessarily have the value 3.
If, for example, task T2 had an actual
priority of 24, and the maximum priority
were 26, then execution of the first
statement would result in task T3 having a
priority of 26, not 27.
Relative to task
r2, task T3 would have a priority of 2;
hence, after execution of the second
statement, X would have a value of 2.
Between execution of the two statements,
control could pass to task Tl, which could
change the priority of task r2, in which
case the value of X would depend on the new
priority.
For example, given the same
original priorities as before~ task T3
would have a priority of 26 after execution
of the first statement. If the priority of
task T2 were now changed to 20 by its
attaching task, Tl, execution of the sec.ond
statement would result in X having a value
of 6.

1.

static variables can be referred to in
any task in which they are known.

2.

Regardless of task boundaries, an
automatic variable can be referred to
in any block in which it is known, or
to which it is passed as an argument,
or in which it is referred to using an
appropriate based variable.
(Note
that unless a dummy argument is
created, the value of an argument can
change at any time; the current value
is used when any reference is made by
any task.)

3.

Controlled variables can be referred
to in any task in which they are
known.
However, not all generations
are known in each task. When a task
is initiated, only the latest
generation, if any, of each controlled
variable known in the attaching task
is known to the attached task. Both
ta sks may refer to this generation..
subsequent generations in the attached
task are known only within the
attached task; subsequent generations
within the attaching task are known
only within the attaching task. A
task can free only its own
allocations; an attempt to free
allocations made by another task will
have no effect. No generations of the
controlled variable need exist at the
time of attaching. It is not
permissible for a task to free a
controlled generation shared with a
subtask if the subtask will later
refer to the generation. When a task
is terminated, all generations of
controlled storage made within that
task are freed.

4.

Based variables allocated within an
area are freed when the area is freed;
unless contained in an area allocated
in another task, all based variable
allocations (including areas) are
freed on termination of the task in
which they were allocated.

5.

Any generation of a variable of any

A task name may have a priority assigned
to it before it is associated with a
procedure. It is not an error if such a
name is never associated with a procedure.
Thus, when a program is being developed,
task names may be introduced into the
program before the corresponding tasks are
introduced.

Coordination and Synchronization of

Tasks
The rules for scope of names apply to
blocks in the same way whether or not they
are invoked as, or by, subtasks; thus, data
and files can be shared between
asynch ronous ly executing tasks. Hence" a
high degree of cooperation is possible
between tasks, but this necessitates some
coordination. Certain additional rules are
introduced to deal with sharing of data and
files between tasks, and the WAIT statement
is provided to allow task synchronization.
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storage class can be referred to in
any task by means of an appropriate
based variable reference. The
programmer must ensure that the
required variable has been allocated
at the time of reference.
A task may allocate and free based
variables in any area to which it can
refer. A task can only free an allocation
of a based variable not allocated in an
area if the based variable was allocated by
that i:ask.

SHARING FILES BETWEEN TASKS
A filE~ is shared between a task and its
subtask if the file is open at the time the
subtask is attached.
If a subtask shares a
file with its attaching task, the subtask
must not attempt to close the file. A
subtask must not access a shared file while
its a1:taching task is closing the file.
rhe subtask may re-open a file closed by
the a1:taching task, but i t wi 11 not then be
shared.
If a file name is known to a task and
its subtask, and the associated file was
not open when the subtask was attached,
then 1:he file is not shared; the effect is
as if the task and its subtask were
separate tasks to which the file name were
known.
That is, each task may separately
open, access, and close the file.
This
type of operation is guaranteed only for
files that are DIRECT in both tasks.
Note
that if one task opens a file, no other
task can provide the corresponding close
operation.
It is possible that two or more tasks
may attempt to operate simultaneously on
the same record in a data set opened for
direct access; this can be synchronized by
use of the EXCLUSIVE fil e attribute. This
attribute is described in chapter 12,
"Record-Oriented Transmission" and section
D, "Attributes".

WAIT STATEMENT
rhe WAIT statement has the following
format:

providing background to the present
discussion.
The WAIT statement specifies that the
task executing it will go into a waiting
state and execution of another task may be
started or resumed until such time as the
required events have been completed. An
event is complete when its completion value
is 'l'B. Note that the WAIT statement
specifies event names, not task names.
An event variable may be associated with
an input/output operation that has been
initiated by the task executing the WAIT
statement.
In this case, execution of the
WAIT statement has the following effect:
1.

If transmission ends (or has ended)
normally, the event variable is set
complete.

2.

If the transmission ends (or has
ended) requiring input/output
conditions to be raised, the event
variable is set abnormal (i.e., its
status value is set to 1) and all the
required conditions are raised. The
event variable is set complete on
return from the last on-unit.

If an abnormal return is made from an
on-uni t entered from the WAIT operation.,
the associated event variable is set
complete, the WAIT operation is terminated,
and control for the task passes to the
point specified by the abnorrral return.
Example
Pl :

PROCEDURE;

CALL
CALL
WAIT
WAIT

P2 EVENT(EP2);
P3 EVENT(EP3);
(EP2);
(EP3):

END Pi:
In this example, the task executing PI will
proceed until it reaches the first WAIT
statement: it will then await the
completion of the task executing P2, and
then the completion of the task executing
P3~ before continuing.

WAIT (event-name [,event-name] ••• )
TESTING AND SETTING EVENT VARIABLES
[(element-expression)];
Full details of the WAIT statement are
given in section J, "Statements"; the
following is a shorter description,
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The two values, completion and status" of
an event variable can be retrieved by the
built-in functions COMPLETION and STATUS.

The COMPLETION function returns the
current completion value of the event
variable named in the argument. This value
is loeB if the event is incomplete, or 'l'B
if the event is complete.

Task T1

Task T 2 (Event E2)
COMPLETION(EV)='O'B:

WAIT (E2);
WAIT (EV):
The STATUS function returns the current
status value of the event variable named in
the argument. This value is nonzero if the
event variable has been set abnormal, or 0
if it is normal.
These two built-in functions can also-be
used as pseudovariables; thus, either of
the two values of an event variable can be
set independently. Alternatively, i t is
possible to assign the composite value of
one event variable to another by specifying
the event variables in an assignment
statement. Thus, the setting of an event
variable can be controlled by the
programmer. By this means, he can mark the
stages of a task: and, by using a WAIT
statement in one task and an event
assignment (from the COMPLETION built-in
function or another event variable) in
another task, he can synchronize any stage
of one task with any stage of another.
The programmer should not attempt to
assign a completion value to an event
variable currently associated with an
active task or with an input/output event.
A.n input/output event is never complete
until an associated WAIT statement is
executed, the WAIT being in the same task
as the EVENT option.
Other ways in which an event variable
can be set. have already been discussed
(such as specifying the event name in the
EVENT option of a CALL statement). Full
details of event variables will be found
under "EVrNT Attribute" in section I,
"Attributes". See also "EVENT Option" in
chapter 12, "Record-Oriented Transmission".

COMPLET ION (EV)
='l'B;

REI'URN:
Task T1 would wait for the completion
of task T2, and task T2 would wait for
task T1 to execute the completion
pseudo variable to set the event
variable EV compl ete.
Under the checkout compiler this
condition is detected and causes
termination of processing. Under the
optimizing compiler, the program waits
until canceled by the operating system
or the operator.

DELAY STATEMENT
The DELAY statement (see section J,
"Statements") allows a task to wait for a
specified period, without reference to an
event variable.

Termination of Tasks
A task is terminated by the occurrence of
one of the following:
1.

Control for the task reaches a RETURN
or END statement for the initial
procedure of the task.

2.

Control for the task reaches an EXIT
statement.

3.

Control for the task" or for any other
ta sk, reaches a STOP statement.

4.

The block in which the task was
attached is terminated (either
normally or abnormally).

5.

The attaching task itself is
terminated.

6.

Standard system action for the ERROR
condition or the action on normal
return from an ERROR on-unit is
carried out.

~

When tasks are being synchronized, the
following points should be kept in mind:
1.

2.

An input/output event must be waited
for in the task that initiates the
input/output operation. The event can
also be waited for in any other task,
but in this case this task will wait
until the event has been set complete
by a WAIT statement in the initiating
task ..

There is a very real danger that two
taskB could interlock and enter a
permanent wait state. The programmer
must ensure that this cannot happen in
a program. For example:

Termination is normal only if item (1) of
the above list applies. In all other
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cases, termination is abnormal.
To avoid unintentional abnormal
termination of a subtask, an attaching task
should always wait for completion of the
subtask in the same block that attached the
subtask before the task itself is allowed
to be terminated.
When a task is terminated, the following
actions are performed:
1.

All input/output events that have been
initiated in the task and are not yet
complete are set complete, and their
status values (if still zero) are set
to 1; the results of the input/output
operations are not defined.

2.

All files that have been opened during
the task and have not yet been closed
are closed; all input/output
conditions are disabled while this
action is taking place.

3.

All allocations of controlled
variables made by the task are freed.

4.

All allocations of based variables
made by the task are freed, except
those it has allocated within an area
allocated by another task (these are
freed when the area is freed).

5.

All active blocks (including all
active subtasks) in the task are
terminated.

6.

If the EVENT option was specified when
the task was attached, the canpletion
value of the associated event variable
is set to 'l'B. If the status value
is still zero, and termination is
abnormal, the status value is set to
1.

7.

All records locked by the task are
unlocked.

Note: If a task is terminated while i t is
assigning a value to a variable" the value
of the variable is undefined after
termination. Similarly, if a task is
terminated while it is creating or updating
an OUTPUT or UPDATE file, the effect on the
associated data set is undefined after
termination.
It is the responsibility of
the programmer to ensure that assignment
and transmission are properly completed
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before termination of the task performing
these operations.

Programming Example
An example of the application of
multitasking to a banking system is shown
in figure 17.2. The program is divided
into a batch section and a real-time
section. Each section constitutes a
subtask of the major task; each subtask has
other subtasks attached to it that perform
the various data processing routines
necessary in each section. The use of
several subtasks increases the program
efficiency by permitting overlap between
the input/output operations and the
operations performed by the central
processing unit.
The batch section of the program
processes batches of cards that contain
account information (such as cheques
cashed, deposits made, or loan account
details) and, after a certain number of
transactions" produces a statement.
The real-time section of the program
provides a means of communication between
itself and the operator, using the DISPLAY
statement with the REPLY option. This
facility permits the user to issue commands
to the program through the operator's
console. These commands can:
1.

Cause management or credit
information, bank statements., or
similar information to be made
immediately available.

2.

Initiate or terminate processing.
Thus the user can initiate the
processing of card batches, terminate
a section of processing, terminate the
entire program, or reply to a call for
clarification of mispunched data.

The functions of the various tasks that
make up the program, and their relationship
to each other, are shown in figure 17.3.
Suggested coding for the ONLINE and PROCESS
procedures is given below. These
procedures are internal to the BANKER
procedure, as are all the procedure.s in the
program in this case.

ONLINE:

START:
X:

XL(l):

XL( 2)

PROCEDURE:
DECLARE COMMAND CHARACTER(30) VARYING,
COMTYPE(8) CHARACTER(30) VARYING,
COUNT(8) FIXED BINARY INITIAL «8)0),
IDCHARACTER (72) VARYING,
XL ( 8) LABEL,
ENDBEVT EVENT EXTERNAL:
COMTYFE(l)
'CREDIT':
COMTYPE(2)
'STATEMENT':
COMTYPE(3)
'INFORMATION':
COMTYPE(4) = 'CALL BATCH' :
COMTYPE(S)
'END BATCH':

COMTYPE(8) = 'END PROGRAM':
DISPLAY ('NEXT COMMAND') REPLY (COMMAND):
/*TASK IS IN WAITING STATE UNTIL REPLY IS RECElVED*/
DO I = 1 TO 8:
I F COMMAND = COMTYPE ( I)
THEN GO TO XL(I)i
END:
DISPLAY ('UNRECOGNIZABLE COMMAND, REPEAT')
REPLY (COMMAND):
GO TO X:
DISPLAY ('ACCOUNT ID') REPLY (ID):
COUNT (1) = COUNT(l) + 1:
CALL CREDIT (ID) PRIORITY (-1): /*ATTACH CREDIT TASK*/
GO TO START:

:

XL(S):

COMPLETION (ENDBEVT) = '1" B:
/*SETS EVENT COMPLETE IN BATCH. BATCH
WILL TERMINATE WHEN ALL CARDS READ IN*/
GO TO START:

END ONLINE:
PROCESS: PROCEDURE:
DECLARE ANS CHARACTER (30) VARYING"
(READEVT, ENDEVT, TEVREAD,
TEVUPDT, TEVRED) EVENT EXTERNAL:
WS:
WAIT (READEVT, ENDBEVT) (1) i
IF COMPLETION(READEVT)='l'B THEN GO TO READIN:
WAIT (TEVREAD, TEVUPDT" TEVRED) (3);
EXS:
EXIT:
/*IF 'END BATCH' COMMAND WAIT FOR ASSOCIATED
TASKS BEFORE BATCH IS TERMINATED*/
COMPLETION (READEVT) = 'O'B:
CALL READER TASK (PR1) PRIORITY (-1) EVENT (TEVREAD):
CALL UPDATE TASK (PR2) PRIORITY (-2) EVENT (TEVUPDT):
CALL RED TASK (PR4) PRIORITY (-3) EVENT (TEVRED):
WAIT (TEVREAD, TEVUPDT, TEVRED) (3):
DISPLAY ('CARDS PROCESSED') REPLY (ANS);
IF ANS
'WAIT' THEN GO TO WS: /*WAIT FOR COMMAND*/
IF ANS = 'READ' THEN GO TO READIN: /*PROCESS NEXT BATCH*/
END PROCESS:

READIN:

Figure 17,.2.

Example of multitasking as applied to a banking system
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Major task

PRIORITY

=P

r----------------------------,
BANKER: PROC OPTIONS(MAIN,
I

r------------------,
ICREDIT: PROC(X);
I

TASK;
I
r- > I Wha t is Xt S credit I
Function:
I
I I rating?
I
Initialization, e.g., open I
Subtask CONTROL PRIORITY = P-l I l------------------J
master files.
I
r-~---------------------------l I
Attach on-line control task: 1--->1 ONLINE: PROC;
I
CALL ONLINE TASK (CONTROL) I
I Function:
I
PRIORITY (-1,) EVENT
I
I DISPLAY (' Next command')
I
(TEVCTRL) i
I
I REPLY (command)
I I 1STAT EMENT :PROC (Y) ; I
WAIT (for command or CONTROLI<-, IAttach task according to
l-t->IPrint statement
termination) :
I
I command, or satisfy a WAIT
I
I for Y's account.
I
If command, attach subtask I
1statement in a different taskl
l------------------J
BATCH, then return
I
Iby completing its event var- I
-to WAIT
I,
I iabl e. The same procedure canl
If termination, end program II
Ibe attached several times as I
l----------------------------J I
I different tasks.
I
r--------------~--J
IPriorities should be in the I
IMANIFO: PROC;
I
I
I range (P-3) to (P-l0).
I ->IExtract management 1
I
I information.
V
l-----------------------------J
L----~-------------J
Subtask BATCH PRIORITY= P- 2
I

r------------------,

r------------------,

r----------------------------,

V

I PROCESS: PROC;
I
r--------------~
I Function:
I
IWAIT satisfiedl
Initialization of card
I
l------ ________ l
processing routines.
I
-----------------J
WAIT1 (for 'Read' or 'End
I<-J
batch' commands).
I
CALL (processing ta sks) •
1--,
WAIT2 (for cards to be
I
I
processed)
I I
DISPLAY (' Cards processed,
I I
any more?').
I I
REPLY ( 'No more', • READ', or I I
'wait' ):
I I
If 'No more': terminate
I I
BATCH.
I I
If 'Read': return to CALL. I I
If 'Wait':return to WAIT1. JI I

r------------------,
ICREDIT: PROC(Z)i
I
->IWhat is Z's credit I
I
I rating?
l------------------J
V

Other
tasks

L------______________________
r------------------------------,------------------------------,
V
V
V
subtask PR1

PRIORITY = P-11

Subtask PR2

PRIORITY = P-12

r---------------------------,I r--------------------------,
I READER: PROCi
UPDATE: PROC:
I
I~ion:

I
IRead cards into array
I
I (which must have at least I
Ithree rows). When one row I
lis filled, test for comple-I
Ition of processing of next I
I row by subtask PR2 before I
Icontinuing to read.
I
L----------- ____ - ___________ J
Subtask PB3 PRIORITY = P-1S

Function:
I
Process array information; I
check that each row is
I
full before processing.
I
Update master files,
I
transaction files.
I
When statement 'page' is I
full, attach task to print I
statement. Transfer infor-I
mation on a 'RED' account I
to a 'RED' array for
I
I STATEMENT: PROC (Account ID) ; I
processing by ,f RED' pro- I
I Funct~ion:
I
cedure.
I
I Print statement for the
I L--------------------------J
laccotmt identified.
I <---------------J
L---------------------------J

r---------------------------,

Figure 17.3.
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Subtask PR4

I RED: PROC :
I
IFunction:
I
ITreatment of -RED'
I
laccounts. If necessary
I
I attach task for treatment I
lof 'VERY RED' accounts.
I
l--------------------------J

I
V

Subtask PRS

PRIORITY = P-14

r--------------------------,

IVERYRED: PROC:
I
I Function:
I
IPri nt le'tter for account I
lowner, and owner's name
I
Ifor branch manager.
I
l--------------------------J

Flow diagram for programming example of multitasking
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PRIORITY = P-13

r-------------------~------,
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•

In-line code for many of the built-in
functions

•

special-case code for DO statements

•

Structure assignments

•

Register and address optirrization,
including maintenance of values in
registers for as long as possible and
producing efficient address arithmetic
based on optimal flow-paths

Optimiza,tion Facilities

•

Program branches kept as much as
possible to the same base address

The optimization facilities of PL/I are
available only for programs processed by
the PL/I optimizing compiler.
The PL/I
checkout compiler does not provide
optimization of object programs; it
implements the optimization language items
by checking the syntax and then ignoring
them.

•

Packing library routines into logical
units to minimize space requirements

•

Elimination of common constants and
program control data to minimize space
usage

This chapt:er contains three secti ons: the
first provides a description of the
optimization facilities of the optimizing
compiler; the second gives suggestions for
some coding practices to improve efficiency
of programs for the optimizing compiler;
the third lists some of the errors and
pitfalls most likely to be encountered by
programmers when first using PL/I.

The main purpose of optimization is to
generate object programs which execute as·
fast as possible and which occupy as little
space as possible during execution.
In
many cases this will involve generating
efficient code for the statements written
by the programmer; in other cases, however,
the optimizing compiler may alter the
sequence of statements or operations to
improve the performance whilst producing
the same result.

certain of the rrore important features are
described further in the following
sections.

COMMON EXPRESSIONS
The term "common expression" is used to
describe an expression such as B+C in:
A = B+C

The following types of optimization are
carried out by the optimizing compiler:
D = B+C

•

Elimination of common expressions

•

Transf,er of invariant expressions out of
loops

•

Elimination of redundant expressions

•

Simplification of expressions

•

Initialization of arrays and structures

•

In-line code for conversions

•

In-line code for record I/O transmission
statements

•

Reduction of key conversion for REGIONAL
data sets

•

Matching format lists with data lists

•

In-line code for string manipulation

in which the variables Band C are not
reset between the two occurrences of the
expressions.
In a case like this it is not
necessary to evaluate the expression more
than once.
The technique of avoiding repeated
evaluation of the same expression is called
common expression elimination..
An important application of common
expression elimination occurs in statements
containing subscripted variables where the
same subscript value is used for each
variabl e. For example:
PAYROLL TAXCMANNO)
WEEKPMNT(MANNO);

= PAY_CODECMANNO) *

The value of the subscript expression MANNO
is computed once only when the statement is
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executed (the computation would involve the
conversion of a value from decimal to
binary if MANNO were declared a decimal
variable).

Interrupt Handling for Programs with
Common Expression Elimination
rhe order of most operations in each PL/I
statement is dependent on the priority of
the operators involved. However, the order
of evaluation of those sub-expressions
whose results form the operands of
operators of lower priority, such as
subscript expressions, locator qualifier
expressions, and function references, is
not defined beyond the rule that an operand
must be fully evaluated before its value
can be used in another operation.
rherefore on-units associated with.
interrupts which occur during the
evaluation of such sub-expressions can be
entered in an unpredictable order.
Consequently, an expression might have
several possible values, according to the
order of, and action taken by, the on-units
that are entered. When a computational onunit is entered:
1.

values of all variables set by the
execution of previous statements are
9uaranteed to be the latest val ues
assigned to the variables, and can be
used by the on-unit.
For instance the
PUT DATA statement can be used to
record the values of all variables on
Emtry to an on-uni t.
']~he

A*B would be different. This optimization
is inhibited to allow for this possibility.
Note that the above discussion a~plies
only when the optimization option ORDER is
specified or assumed.
If the programmer
does not require the guarantees described
above, the optimization option REORDER can
be specified.
In this case, common
expression elimination is not inhibited.
The ORDER and REORDER options are discussed
later in this chapter.

TRANSFER OF INVARIANT EXPRESSIONS OR
STATEMENTS
An expression or statement occuring within
a loop is said to be invariant if the
compiler can detect that the expression
value or statement action would be
identical for each iteration of the loop.
An invariant expression or statement can
be moved from within a loop to a point in
the program outside the loop, so that it is
executed once only, rather than for each
iteration of the loop.
For example:
DO I = 1 TO N;

J =

3;

END;
2.

The value of any variable set in an
on-unit resulting from a computa.tional
interrupt is guaranteed to be the
latest value assigned to the variable,
for any part of the program.

Where there is a possibility that
variables might be modified as the result
of a computational interrupt, either in the
associated on-unit, or as the result of the
execut~ion of a branch from the on-unit,
common expression elimination is inhibited.
For example:

The statement J=3 is invariant and can be
moved outside the loop. It can be moved
forwards or backwards, according to
circumstances.
If the programmer wishes to take
advantage of this type of optimization, he
must specify the optimization option
REORDER on a BEGIN or PROCEDURE block which
contains the loop with reorderable
statements or operations.
If the option is
not specified" the default option ORDER is
assumed and the optimization is inhibited.

ON ZERODIVIDE B,C=l;
ORDER AND REORDER OPTION
X=A*B+B/C;
Y=A*B+D;
The compiler would normally attempt to
eliminate the re-evaluation of the subexpression A*B in the second assignment
statement. However, in this example, if
the ZERODIVIDE condition is raised during
the evaluation of B/C the two values for
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ORDER and REORDER are opt~mization options
specified for a procedure or begin block in
a PROCEDURE or BEGIN statement.
The default is ORDER, but REORDER is
inherited by all contained blocks unless
they explicitly specify ORDER.

ORDER opti on
The ORDER option should be specified for a
procedure or begin block if the programmer
requires t.hat the most recently assigned
values of variables that are modified in
the block are guaranteed for use in onunits entE~red because of computational
interruptB during the execution of
statements and expressions in the block.
In a bloc}t: to which the ORDER opti on
appli es, Gommon expressions may be
eliminated by the compiler.
If so, the
occurrence of computational interrupts
during ex.~cution of the block may be less
than would occur if common expressions had
not been E~limina ted. However, if an
interrupt occurs during execution of an
ORDER block, the values of variables in
statementB which precede the interrupt are
guaranteed to be the most recent values
assigned when reference is made to them in
the on-unit for the interrupt.
Other forms
of optimization are permitted in an ORDER
block except for forward or backward moveout of any expression which can cause an
interrupt. Since i t would be necessary to
disable all the possible conditions which
might be encountered, the use of ORDER
virtually suppresses any move-out of
statements or expressions from loops.

REORDER 0 ption
rhe REORDER option permits the compiler to
generate optimized code to produce the
result specified by the source program,
when error-free execution takes place.
Move-out .is permitted for any invariant
statements and expressions from inside a
loop to a point in the source program
either preceding or following such a loop.
rhus the statement or express ion is
executed once only, either before or after
the loop.
More efficient execution of loops can be
achieved by maintaining in registers the
values of variables which are subject to
frequent modification during the execution
of the loops.
When error-free execution
permits, values can be kept in registers,
and considerable efficiency can be achieved
by dispensing with time-consuming load-andstore operations to reset the values of
variables in their storage locations. If
the latest value of a variable is required
after a loop has been executed, the value
is assigned to the storage location of the
variable when control passes out of the
loop.
Register allocation can be more
significantly optimized if REORDER is

specified for the block.
However, the
values of variables that are reset in the
block are not guaranteed to be the latest
aSSigned values when a computational
interrupt occurs, since the latest value of
a variable may be present in a register but
not in the storage location of the
variable. Thus, anyon-unit entered for a
computa tiona 1 interrupt must not refer to
variables set in the reorder block.
However, use of the built-in functions
ONSOURCE and ONCHAR is still valid in this
context.
A program is in error if during
execution there is a computational or
system action interrupt in a REORDER block
followed by the use of a variable whose
value is not guaranteed.
Since these restrictions preclude the
correction of erroneous data, except by
using ONSOURCE and ONCHAR pseudovariables
for a CONVERSION on-unit, the programmer
must either depend on the standard system
action, thereby terminating execution of
the program, or use the on-unit to perform
error recovery and to restart execution by
obtaining fresh data for computation. The
second approach should ensure that all
valid data is processed, and that invalid
data is noted, while still taking advantage
of any possible optimization. For example:
ON OVERFLOW PUT DATA;
DO J = 1 TO M;
DO I = 1 TO N;
X(I,J) = Y(I) + Z(J) *L + SQRT(W);
P = I *J;
END;
END;
When the above statements appear in a
reorder block" the source code compiled is
interpreted as follows:
ON OVERFLOW PUT DATA;
TEMPi = SQRT (W);
DO J = 1 TO M:
TEMP2 = J;
DO I = 1 TO N;
X(I,J) = Y(I) +Z(J)*L+TEMP1;
P=TEMP2;
TEMP2=TEMP2+J
END;
END;
P = N*M;

TEMPi and TEMP2 are temporary variables
created to hold the values of expressions
moved backwards out of the loops, and the
I statement P=I*J can be simplified to P=N*M.
If an overflow interrupt occurs, the values
of the variables used in the loops cannot
be guaranteed to be the most recent values
assigned before the occurrence of the
interrupt, since the current values may be
held in registers, and not in the storage
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location to which the on-unit must refer.

ELIMINATION OF REDUNDANT EXPRESSION
redundant expression is an expression
that need not be evaluated in order to
continue executing the program correctly.

Common Expression Elimination

Common expression elimination is inhibited
by:
1.

The use in expressions of variacles
whose values can be reset in either an
input-output or computational on-unit.

2.

If a based variable is, at some point
in the program, overlaid on top of a
variable used in the conmon
expression, then assigning a new value
to the based variable in between the
two occurences of the common
expression, inhibi ts optimization.

A

rhe effect of this optimization is to make
the use of logical expressions in IF
statements more efficient than a series of
nested IF statements. For example:
IF (A = D) I (C = D) THEN
X = Y + Z;

For instance, the common expression
X+Z, in the following example, is not
eliminated because the based variable
A Which, earlier in the program, is
overlaid on the variable X, is
assigned a value in between the two
occurences of X+Z.

is n~re efficient, in terms of space
occupied by object code, than:
IF A = D THEN X = Y+Z;
ELSE IF C=D THEN X = Y + Z;

DCL A BASED (P) ;
P=ADDR (X) i

If A or C does equal 0, the THEN clause in
the first example is executed" without the
expression ever being resolved to a single
bit.

P=ADDR(Y) ;
B=X+Zi

EXPRESSION SIMPLIFICATION
Expression simplification is the process of
changing the form of source statement
expressions without changing the intended
effect so that they can be compiled into
more efficient object code.
Two forms of expression Simplification are
carried out by the compiler. Both involve
the use of arithmetic constants in
operational expressions. The
simplifications are as follows:
expressions such as 3*B are transformed
into B+B+B; and in subscript expressions,
expre~sions such as I+2 are transformed
into I*MULT+ 2*MULT where MULT is a constant
multiplier. The 2*MULT is then used as an
offset factor in the addressing
calcula tions.

CODING SOURCE PROGRAMS FOR THE
OPTIMIZING COMPILER
rhis section contains details of coding
practices which should be observed or
avoided in order to take advantage of the
optimization facilities.
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P->A=2;
C=X+Z;
3.

An aliased variable. When ORDER is
specified, any variable which
satisfies the following definition of
an alia sed variable: an aliased
variable is any variable whose value
can be modified by references to
identifiers other than its own
identifier, such as variables with the
DEFINED attribute, variables used a.s
the base for defined variables,
parameters, arguments, and based
variables.
Variables whose addresses are known to
an external procedure by means of
pointers that are either external or
used as arguments are also assumed to
be aliased variabl es.
The effect of an aliased variable is
not to prevent common expression
elimination completely, but to inhibit
it slightly. For all aliased
variables the compiler builds a list
of all the variables which could
possibly reference the aliased
variable. The list is the same for
each member of the I ist;, and in a
given program there may be many such
lists.

When an expression containing an
aliased variable is being checked for
its use as a common express ion, the
possible flow paths along which
related common expression could occur
are searched for assignments, not only
to the variable referenced in the
expression, but also for all the
members of the alias list to which
that variable belongs.
If the program
contains an external pointer variable"
it is assumed that this pointer could
be set to all variables whose
addresses are kno~n to external
procedures, that is, all external
variables, all arguments passed to
external procedures, and all variables
whose addresses could be assigned to
the external pointer.
Thus variables
addressed by the external pointer, or
by any other pointer which has a value
assigned to it from the external
poin·ter, are assumed to belong to the
same alias list as the external
variables, etc.
4.

external procedures, external label
variables, or label constants known to
external procedures.
3.

Variables in expressions should not be
set or accessed in on-units if
possible.

4.

Ex press ions to be commoned or

transferred must be arithmetic (for
example A+B) or string (for example
EI IF or STRING (G»
rather than
compiler generated.

Transfer of Invariant Expressions
Transfer of invariant expressions out of
loops is inhibited by:
1.

ORDER specified for the block.
However, transfer is not entirely
prevented by the ORDER option.
It is
only inhibited for operations which
can cause computational interrupts.
Such operations do not include array
subscript manipulation where the
subscripts are represented by binary
halfword integers; such subscripts
cannot cause overflow unless they are
uninitialized, in which case the
program is in error an yway.

2.

The use of variables whose values can
be set or used by input or output
statements.

3.

The use of variabl es whose val ues can
be set in input/output or
computational on-units, or which are
aliased variables.

4.

A complicated program flow., involving
external procedures., external label
variables and label constants.

The form of an expression.
If the
expression B+C could be treated as a
common expression, the compiler would
not be able to detect it as a common
expression in the following statement:
D=A+B+C;
The compiler processes the expression
A+ B+ C from left to right.
Consequently i t only recognizes the
expressions A+B and (A+B)+C. However,
by coding the expression D=A+(B+C),
the programmer can ensure that i t is
recognized, since the compiler must
process the expression with the
highest priority first.

5.

The scope of a common expression.
In
order to determine the presence of
common expressions, the program is
analyzed and the existence of flow
units is determined.
A flow unit is a
unit-of compiled code representing all
or part of a block that can only be
entered at the first instruction and
left at the last. Common expressions
are recognized across individual flow
units.
However, if the program flow
paths between flow uni ts are complex,
the recognition of common expressions
is inhibited across flow units.

Transfer is assisted by:
1.

Specifying REORDER for the block

2.

Avoidance of points 2-4 above

Common expression elimination is assisted
by these points:
Redundant Expression
1.

2.

Variables in expressions should not be
external or associated with external
pointers, or arguments to ADDR buil tin functions.
The source program should not contain

Eliminatio~

Redundant expression elimination is
inhibited or assisted by the same factors
as for transfer of invariant expressions.,
described above.
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Other Optimization Features

optimizing compiler. The first two parts
are presented from two different
viewpoints:

Optimized code can be generated for the
follow;i.ng items:
1.

2.

For a do-loop control variable except
when its value can be modified either
explicitly or by an on-unit during
E~xecution of a do-loop.
For do-loops that do not contain other
do-loops, provided that, if the scope
of the control variable extends beyond
t:he block containing the do-loop" then
it is given a definite value after the
do-loop and bef ore the end of the
block.

Improving the speed of compilation
Improving

thE~

speed of execution

The remainder of the section is of common
interest, and deals with the use of
storage; use of compile-time facilitiesj~
use of input/output facilities; and
additional hints.
No techniques for improving the
efficiency of code generated by the
checkout compiler are given, since this
compiler is desigr~d primarly to give
efficient use of programmer's time, rather
than to produce optimum code.

3.

For assignment of arrays or structures
unless non-contiguous storage is used.

4.

For array initialization where the
same value is assigned to each element
unless the array occupies noncontiguous storage.

IMPROVING SPEED OF COMPILATION

5.

For in-line conversions unless they
involve complicated picture or
character to ari thmetic conversions.

The NOOPTIMIZE optimizing compiler option
requests that compilation be as fast as
possible.
In addition" the following
measures are suggested.

6.

For in-line code for the string builtin functions SUBSTR and I,NDEX unless
t.he on-conditions STRINGS IZE or
STRINGRANGE are enabled.

1.

Allocate
compiler
the time
spilling

7.

For register allocation and addressing
schemes unless the program flow is
complicated by use of external
procedures, external label variables,
or label constants known to external
procedures.
Optimized register usage
is also inhibited by the use of
aliased variables and variables that
a.re referenced or set in an on-unit.

2.

Keep the number of begin blocks and
procedures to a minimum. Do not use
BEGIN-END to effect statement
grouping; this is more simply obtained
by use of do-groups.

3.

Try to avoid using those compiler
options that produce listings, for
example, LIST.

4.

On re-runs, further slight increases
in efficiency can be obtained by:

Programming Techniques for the
OptilTLizing Compiler
In PL/I there are often several different
ways of producing a given effect. One of
these ways will usually be more efficient
from a particular point of view than
another, depending largely on the method of
implementation of the language features
concerned.
However, it should be realized
at the outset that a primary cause of
program inefficiency occurs at the problem
definition stage, before any actual
progra~ng is done:
PL/I cannot be used
to full advantage unless the problem is
defined in terms of PL/I facilities.
The purpose of this section is to help
the programmer make the best use of the
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as much storage to the
as possible. This minimizes
consumed by the compiler
into a uxi liary storage.

a.

removing all unreferenced labels
and data;

b.

correcting all source errors, and,
where possible, removing the
causes of diagnostic messages
including such messages as
"FILE/STRING option missing in
GET/PUT statement".

IMPROVING SPEED OF EXECUTION
The OPTIMIZE(TIME) optimizing compiler
option requests that execution be as fast
as possible.
In addi ti on, the following
measures are suggested.

1.

Avoid unnecessary program segmentation
and block structure: all procedures,
on-units and begin blocks need
prologues and epilogues, the
initialization and housekeeping for
which carry an overhead. The use of
GOTO or IF statements to control
program logic, is more efficient than
using the CALL statement, provided
that the number of Goro or IFs
required is not excessive.

8.

Keep data conversions to a minimum.
Some possible methods follow:
a.

Use additional variables. For
example, if a problem specifies
that a character variable has to
be regularly incremented by 1,
DCL CTLNO CHAR(8):

CTLNO = CTLNO+l:
2.

A GO TO statement is more efficient if
it refers to a label within the same
block rather than to a label outside
the block.

3.

Avoid extensive use of adjustable
arrays and/or CONTROLLED storage.

4.

Use constants wherever possible
instead of expressions.

5.

Exercise care in specifying precision.
For example:

requires two conversions, while
DCL CTLNO CHAR(8),
DCTLNO DEC FIXED:

DCTLNO=DCTLNO+li
CTLNO=DCTLNO:
requires only one conversion.
b.

Take special care to ~ake
structures match when it is
intended to move data from one
structure to another.

c.

Avoid mixed mode arithmetic,
especially the use of character
strings in arithmetic
calculations.

DCL A FIXED DEC(8,4),
B FIXED DEC(10,2),
C FIXED DEC(10,1):

C=A+B:
This requires almost twice as much
code as it would if B had been
declared (10,4), because the
evaluation of A+B requires a scale
factor of 4.
6.

9.

The following measures apply to data
a ggreg ate s :
a.

In general, array expressions are
expanded into iterative do-groups
and structure expressions are
expanded into a series of element
expressions. However" for a
simple assignment of the form: A
= B:, where A and B are arrays or
structures, B is copied to A all
in one piece. A and B must not
ha ve ad justable bounds, lengths,
or sizes and the references must
be to connected storage.

b.

Avoid declaring redundant levels
in a structure. For example:

Use the PICTURE attribute only when
necessary.
For example, use FIXED
DECIMAL(5,2) instead of PIC'999V99'.
If a picture field is used in more
than one arithmetic operation, convert
it once and then use the new form in
each operation.
This holds for any
conversion required more than once.
If it is necessary to use data with
the PICTURE attribute in arithmetic
expressions, use pictures that will be
handled in-line, as this considerably
reduces execution time. Pictures with
all 9s, a V and a non-drifting sign
are particularly useful. For example:

DCL 1 A,

2 B,
3 C (10).,

3 D CHAR(20):

• 999'
'$99V99 •
'S99'
'V999'

I 7.

Internal counters, and data involved
in substantial computation or used for
subscripts, should be declared BINARY:
data required for output should be
kept~ in DECIMAL form.

In this example B is redundant.
c.

Avoid references to
pseudovariaOLes with aggregate
arguments in stream-oriented
input.

d.

Avoid references to user functions
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or to array-handling built-in
functions in aggregate
expressions.
e.

f.

Multiple SWitches
Ca)

Avoid nested references to
functions, particularly those with
aggregate arguments.

DCL B BIT(8):

B = '11100000'B:

Wherever possible, declare
aggregates in the procedure in
which they are used, instead of
passing them as arguments. If an
aggregate is required in two or
more procedures, then it should be
declared EXTERNAL, if the
procedures are external, or else
it should be declared in the
outermost block in which it is
used.

IF B = '11100000' B TH EN 00

(b)

DCL B BIT (3)

i

B = '111'Bi
g.

Declare subscript variables in the
block in which they are used as
FIXED BINARY (15,0).
IF B

10.

The following measures apply to
strings:
a.

(c)

Bit. strings should, if possible,
be specified as multiples of eight
bits.
However, bit strings used
as logical switches should be
specified according to the number
of switches required.
In the
following examples, (a) is
preferable to (b), and Cb) to Cc):

=

'111'B THEN DO:

DCL CSW1,SW2,SW3) BIT(l):

SW1"

SW2"

SW3

=

'1' B:

IF SW1&SW2&SW3 THEN DO:
Example 1:
Single Switches
Ca)

DCL SW BIr(1) INITC'l'B);

If bit-string data whose length is
not a multiple of 8 is to te held
in structures, such structures
should be declared ALIGNED.

IF SW THEN DO;

(b)

Note: The use of bit strings in a
multitasking progran can
occasionally cause incorrect
results. When the program
references the bit string, it may
be necessary for a PL/I litrary
routine to access adjacent
storage, as well as the string
itself. If another task accesses
this adjacent storage at the same
time" then the results may be
unpredictable. The problem is
less likely to arise with aligned
bit strings than unalinged.

DCL SW BIT(8) INITC'l'B)i

IF SW THEN DO:

(c)

DeL SW BIT(8)

INIT ('l'B):

IF SW = "10000000'B THEN

b.

Note that concatenation operations
on bit-strings are time-consuming.

c.

Varying-length strings are
generally less efficient than
fixed-length strings,.

d.

Fixed-length strings are not

DO;

Example 2:
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f~fficient if their length is not
known at compile time, as in the
following example:

a character string on the
structure and apply the GET
statement to the string:

DCL A CHAR( N) ;
11.

12.

DCL STRNG CHAR(80) DEF IN;

Avoid using the SIZE, SUBSCRIPTRANGE,
STRINGRANGE and CHECK ON-conditions,
except during debugging. Debugging
aids should be removed from the
program before running it as a
production job.

GET EDIT (STRNG)

Do not refer to the DATE built-in
function more than once in a run; i t
is expensive.
Instead, refer to the
function once and save the value in a
variable for subsequent use; e.g.
instead of:

(A (80) ) ;

g.

If a file is declared DIRECT
INDEXED" the ENVIRONMENT options
INDEXAREA, NOWRITE, and ADDBUFF
should be applied if possible.

h.

When creating or accessing a
CONSECUTIVE data set, use file and
record variable declarations that
cause in-line code to be
generated, if possible. Details
of the declarations are given in
chapter 12, "Record-Oriented
Transmissi on" •

i.

Conversion of source keys for
REGIONAL data sets can be avoided
if the following special cases are
observed.

PAGEA= TITLEAIIDATE;
PAGEB= TITLEBIIDATE;
i t is more efficient to write
D'rE=DATE;
PAGEA=TITLEAIIDTE;
PAGEB=TITLEB IIDTE;
13.

The following measures apply to
input/output:
a.

Allocate sufficient buffers to
prevent the program becoming I/O
bound.

b.

Use blocked output records.

c.

.open a number of files in a single
OPEN statement.

d.

In STREAM input/output, use long
data lists instead of splitting up
input/output statements.

e.

Use edit-direct input/output in
preference to list- or datadirected.

f.

Conside~ the use of overlay
defining to simplify transmission
to or from a character string
structure. For example:

DCL 1 IN,
2 TYPE
2 REC,
3 A
3 B
3 C
GET EDIT( IN)

(1) For REGIONAL(l): When the
source key is a fixed binary
element variable or constant
with precision in the range
( 12, 0) to (23, 0) •
(2) For REGIONAL(2) and (3):
When
the source key is of the form
(character-stringexpressionllr), where r is a
fixed binary element variable
or constant with precision in
the range (12,0) to (23,0).
j.

Direct update of an INDEXED data
set is slowed down if an I/O
operation on the sarre file
intervenes between a READ and a
REWRITE f or the same key. This
can cause the REWRITE statement to
issue an extra READ.

k.

When creating or accessing a data
set having fixed-length records,
use standard formatting" that is,
specify FS or FBS record format,
whenever possible.

CHAR(2),
CHAR(S),
CHAR(7),
CHAR ( 6 6 ) ;

(Input/output is also discussed
under "Use of Input/Output
Facilities" later in this
chapter. )

(A(2),A(S),A(7)~A(66»;

14.
In the above example, each formatitem/data-field pair is matched
separately, code being generated
for each matching operation. It
would be more efficient to define

The following measures apply to
interlanguage communication:
a.

Where possihl e, ensure that PL/I
aggregate arguments will be mapped
the same as those for COBOL or
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FORTRAN.

b.

The compiler cannot always detect
when a structure in PL/I and COBOL
will map identically. Each
element in the base structure has
an alignment requirement for
example, a CHAR(4) item can be
aligned on any byte in main
storage, whereas a FIXED BIN(31)
item must be fullword aligned.
The compiler creates a dummy
argument for the structure
whenever the first base element
has a less stringent alignment
requirement than any other base
element. This rule is applied
independently to each minor
structure at level 2. The NOMAP
option should be specified if the
actual lengths of items do not
require padding bytes to be
inserted. For example:
DCL 1 S,
2 X CHAR ( 4),
2 Y FIXED BIN(31);
The compiler will create a dummy
argument for this structure
because Y has a greater alignment
stringency than X.
However., the
structure will map identically in
PL/I and COBOL because no padding
is required.

c.

d.

When arguments do map differently,
use the NOMAPIN option to avoid
unnecessary initialization of
dummy arguments, and use the
NOMAPOUT option to avoid
unnecessary assignment from dummy
arguments if the final value is
not required (e.g.~ if the value
is unchanged).
Avoid multiple initialization of
the PL/I environment by ensuring:
(1) that the main procedure is
PL/I, or

imposed by the PL/I(F) compiler then
no mapping code should be generated.

IN-LINE OPERATIONS
Many operations are handled in-line. It
will repay the user, therefore, to
recognise which operations are performed
in-line and which requi re a library call,
and to arrange his program to use the
former wherever possible.
The majority of
these in-line operations are concerned with
data conversion and string handling.

Data Conversion
The data conversions performed in-line are
A conversion outside
Ithe range or condition given is performed
by a library call.

I shown in figure 18.

Not all the picture characters availa.ble
may be used in a picture involved in an inline arithmetic conversion. The only ones
permi tted are:

v

and 9

Drifting or non-dri fting characters $
S +
Zero suppression characters Z
Punctuation characters

.

,

/

*
B

For in-line conversions, pictures with
this subset of characters are divided into
three types:
Picture type 1: Pictures of all 9s wi th
(optionally) a V and a leading or
trailing sign.
FOr example:
'99V999',

'99',

'S99V9' ,

'99V+', '$999 '
(2) that a PL/I procedure is
called from the main routine,
or
(3) that the structure of the
program is such that the PL/I
environment is not destroyed
between calls to PL/I
procedu res.

Picture type 2: Pictures with zero
suppression characters and
(optionally) punctuation
characters and a sign character.
Also" type 1 pictures with
punctuation characters. For
example:
, Z ZZ "

115.

I
I
I
I
I
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'* * /* * 9 "

'+ZZ.ZZZ',

, ZZ 9V • 99' ,

'$///99', '9.9'

Picture type 3: Pictures with drifting
strings and (optionally)
punctuation characters and a sign

1r---------·------------------------------------------------------------------------------,
Conversion
1
Comments and Conditions
1--------------------------------------1
1
Source
1
Target
I
---------.-------------------------------------------- ~------------------------~---.----

I FIXED BINARY

I

IFIXED DECIMAL
FIXED BINARY

I
I
I
I

,

I

,

IBit string

IString must be fixed-length, ALIGNED, and with
,length ~2088. STRINGSIZE condition must be
Idisabled.

ILong or short FLOAT target.

I FLOAT

I
I
I

I

ICharacter string IVia FIXED DECIMAL. String must be fixed-length
lor Numeric Picturelwith length ~256 and STRINGSIZE disabled.
I
IPicture types 1, 2 or 3 when SIZE disabled.
I FIXED BINAR Y

I

IFIXED DECIMAL

FIXED DECIMAL

I

,

IIf

I FLOAT

I

IBit string

I
I
I

ICharacter string

I

I
I

Long or short-FLOAT target.

IString must be fixed-length, ALIGNED, and with
Ilength ~2088. STRINGSIZE Condition must be
I disabled.

1
1I f precision = sea Ie factor" i t must be even.
IString must be fixed-length and length
ISTRINGSIZE must be disabled.

I Nume~ic picture

IPicture types 1, 2 and 3.

IFIXED BINARY

I

1

IScale factor <80.

I
1
I

1
1
,

I FLOAT

~256.

I

IFIXED DECIMAL

ISouce and target may be single or double length.

IBit string
I
I

1

Q1+P1~75.

I
I
I

1

IFLOAT (Long or
1
Short)

I
I
I
I

IString must be fixed-length, ALIGNED, and with
Ilength ~2088. STRINGSIZE condition must be
Idisabled.

L-------------------------____________________________ ----------------------------------J

Figure 18.1 (Part 1 of 2).
character.

Implicit data conversion performed in-line

For example:

'$$$$', '-,--9', 'S/SS/S9',
·+++9V.9~,'$$$9-'

Sometimes a picture conversion is not
performed in-line even though the picture
is one of the above types. rhis may be
because:

DECIMAL (6,8) or DECIMAL (5, -3) to PIC
'999V99' will not be performed
3.

The picture may have certain
characteristics that make it difficult
to handle in-line. example:
a.

Punctuation between a drifting Z
or a drifting * and the first 9 is
n~t preceded by a V.
For example:
, ZZ. 9"9'

1.

SIZE: is enabled and could be raised.

2.

There is no overlap between the digit
positions in the source and target.
For example:

b.

Drifting or zero suppression
characters to the right of the
decimal point.
For example:
'ZZV.ZZ', '++V++'
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r------·----------------------------------------~---~-.-~---~-------------~-~-----~~-----,

Conversion

I

--------------------------------------1
Source
I
Target
I
IFIXED BINARY
Bit st:ring

I
I

I

Isource must be fixed-length, ALIGNED, and with
Ilength <32.

I

I

I
IBit string

I

IFIXED DECIMAL

I

I FLOAT

I

IFIXED BINARY
Character Picture

Isource string must be fixed-l ength, ALIGNED,
land with length S32.

I FIXED DECIMAL
land FLOAI'
ICharacter string

Character

Comments and Conditions

ISource must be fixed-length, ALIGNED, and length
11 only.

I
I

Isource length 1 only.
Imust be disabled.

CONVERSION condition

I
I
I

ICharacter string
IString must be fixed-length with length S256.
I
I
ICharacter Picture IPictures must be identical.
IFIXED BINARY

IVia FIXED DECIMAL.

I

I

SIZE condition disabled.

I Numeri.c Picture
Itype 1. and 2

IFIXED DECIMAL
I

IType 2 pictures without. or embedded
I punctuation. SIZE condition disabled.

I

I

I
I

I

I

I FLOAT

IVia FIXED DECIMAL. SIZE condition disabled.

INumeric Picture
I

I

IPicture types 1, 2 or 3. SIZE condition
I disabled.

1------·_-------------------------_·_-------------------~-------------------------------I Label

ILabel

I

1--------------------------------------------------------------.------------------------I locator
1locator
I
L------------------___________________________________
---------_________________________
Figure 18.1 (Part 2 of 2).

J

Implicit data conversion performed in-line
for computation should be binary,
rather than decimal.

The string functions and operations
performed in-line are shown in figures 18.2
and 18.3.
It should be noted that even the
string functions indicated as always being
performed in-line may sometimes call a
library routine. For example, if the
expression in the BIT or CHAR functions
requires an implicit conversion not handled
in-line, the appropriate library routines
will be called.

USE OF STORAGE
When reduction of storage space is more
important than reduction of execution time"
the following measures may be employed.
1.
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2.

If a file declared as INDEXED is to be
used for DIRECT UPDATE but wilt not
have records added to it. the use of
the ENVIRONMENT option NOWRITE will
save data reanagement about 5000 bytes
of storage.

3.

Alignment Attributes: These allow the
user to provide alignment for
arithmetic and string data as follows:

r---------------------------------------------------------------------------------------,
Comments and Conditions
1--------------------------------------------------------------------------------------1
I
source
1
Target
I
Corrments
I string Operation I

1Assign

1-------------------------------------------------------------------1Non-adjustable, 1No length restriction

1Non-adjustable, ALIGNED"

Ifixed-Iength bit string
I

I ALIGNED, bit
I string

l

1

I

I

lif OPTIMIZE (TIME) is
I specified; otherwise
1maximum length of
18192 bits

IALIGNED bit string
I
I

IALIGNED bit
I string $ 2048
I bits

lis specified
I
I

1-------------------------------------------------------------------I Adjustable or VARYING,
1 Non-ad justab Ie " IOnly if OPTIMIZE (TIME)
1-------------------------------------------------------------------I Non-adjustable, UNALIGNED"
I (same as
IOnly if OPTIMIZE (TIME)
Ifixed-Iength bit string
I source)
Ithat is an element of an
I
I AUTOMATIC, BASED, or STATIC I
Istructure with no adjustable I
I bounds or extents
I

lis specified. Maximum
Ilength = 57 bits
I

1
I

1-------------------------------------------------------------------I Non-adjustable, fixed-lengthINon-adjustable I
Icharacter string
I

I character

1

1string

I

Icharacter string
I
I

I character
I string of
I length $ 256

1

1-------------------------------------------------------------------IAdjustable or VARYING
INon-adjustable I
I

I

'and', 'not', 'or' lAS for bit string assignments, but no adjustable or varying-length
loperands are handl ed
Compare

lAS for string assignment with the two comparands taking the roles of
I source and target" but no adjustable or varying-length operands are
I handled

Concatenate

lAs for string assignments, but no adjustable or varying-length
Isource strings are handled

STRING function

IElement variables and non-adjustable array and structure variables
lin connected storage.

Notes:

1. the maximum lengths specified refer to the lengths of operations rather than
operands. If the target is fixed-length, the operation length is the target
length. If the target is VARYING" the operation length is the lesser of the
operand lengths.
2. UNALIGNED bi t strings that are parameters, defined
aggregate variables are not handled.

variables,. or part of

l--------.--------------------________________________ ----------------___________________
Figure 18.2.

Conditions under which string operations are handled in-line
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A,LIGNED:
FIXED DEC:
FLOAT (double):
FIXED BIN (p, q) :

byte
doubleword
halfword (p:;15)
word (p>15)

VARYING string:
halfword
non-VARYING string: byte
UNALIGNED:
arithmetic:
character string:
VARYING bit string:
non-VARYING
bit string:

byte
byte
byte
byte

Area, event and task data are always
word- or doubleword-aligned.
They can
never be unaligned.
In data aggregates, the explicitly
declared alignment for the aggregate
applies to each element in the
aggregate.
In structures, however,
this alignment can be overridden by an
alignment specified for a particular
base element. For exarr.ple
DCL 1 STR UNALIGNED,

2 A,
Thus the UNALIGNED attribute can be
u.sed to obtain denser packing of data,
with the minimum of padding.

r-----------------------------------------,
string
I
Comments and Conditions
Function

I

BIT

Always

BaaL

The third argument must be a
constant. The first two
arguments must satisfy the
conditions for 'and', 'or' " and
'not' operations in fig 18.2.

CHAR

Always

HIGH

Always

INDEX

Second argument must be a
I
non-adjustab~e character string I
<256 characters long

LENGTH

Always

LOW

Always

REPEAT

Second argument must be
constant

SUBSTR

STRINGRANGE must be disabled

2 B ALIGNED,
2 C:

Here A and C will be UNALIGNED and B
will be ALIGNED.
Default attributes depend on the data
type of the element concerned, both
for data items and for data
aggregates. These defaults are:
UNALIGNED

All string data and
PIcrURE items

ALIGNED

All a ri thmetic data i. e. ,
BINARY
DECIMAL
FIXED
FLOAT

For example:
DCL A BIT(4),

I,

TRANSLATE First argument must be
fixed-length, second and third
arguments must be constant
UNSPEC

Always

VERIFY

First argument must be
fixed-length; if CHARACTER i t
must be :;256 characters, if BIT
it must be ALIGNED, :;2048 bits.
Second argument must be
constant

L-----------------------------------------J
Figure 18.3.

Conditions under which
string functions are
handled in-line

(B CHAR(10), X) UNALIGNED,
(C BIT(12), Y FIXED) ALIGNED:
Here A is UNALIGNED by default, I is
ALIGNED by default, and B, C, X and Y,
are as explicitly declared.
DCL (Al(80) CHAR(6), A2(80) BINARY)
ALIGNED,
Bl (3,3) EIT(2),
Cl (3,3) CHAR(4),
Dl (100) DECIMAL:
Here Al and A2 are as explicitly
declared, Bl and Cl are UNALIGNED by
default, and 01 is ALIGNED by default.
DCL 1 A,
2 B"

2 C BIT(4) UNALIGNED,
2 D ALIGNED,
3 E BIT (2) ,
3 F,

2 G CHAR (10):
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Here A is a major structure
B is FLOAT DECIMAL ALIGNED by
default
C is explicitly UNALIGNED
D is a minor structure
E is BIT ALIGNED (inherited
from D)
F is FLOAT DECIMAL ALIGNED by
default(here ALIGNED is inherited
from D, but it is also the default
for F if D had not been declared
ALIGNED)
G is CHAR UNALIGNED
The user must take care that the
alignment attributes are correct when
rna tching variables for:

4.

a.

Use of the DEFINED attribute

b.

Arguments and associated
parameters

A do-group, like that in the following
example, is expensive in terms of
storage, although not in terms of

following:
1.

Conversions between character and
ari thrnetic data.

2.

conversions involving numeric
character data.

3.

List- and data-directed input/output,
except for character string variables
associated with character data.

4.

Edit-directed input/output,
conversions between character and Eand F-format data.

5.

Edit-directed output, numeric
character to B-format conversion,
character or numeric character to Pformat conversion (except where
pictures are identical).

6.

CHECK prefix option.

7.

ONCODE, ONLOC, and COMPLETION built-in
functions.

8.

WAIT statement.

tim€~:

DO I

= 1,2, 6 , 9 ;

END;

USE OF INPUT/OUTPUT FACILITIES

An alternative that saves storage is:

DeL VALUES(4) FIXED BIN STATIC
I NI T (1" 2 , 6 , 9 ) ;
00 J=l TO 4;
I=VAWES (J);

END;

5.

After debugging, disable any normallydisabled conditions that were enabled
for debugging purposes by removing the
relevant prefixes, rather than by
including NO-condition prefixes.
For
instance, disable the SIZE condition
by removing the SIZE prefix, rather
than by adding a NOSIZE prefix. The
former method allows the compiler to
eliminate code that checks for the
condition, whereas the latter method
necessitates the generation of extra
code to prevent the checks being
carried out.

Many PL/I facilities and data
conversions are handled by PL/I resident
and transient library subroutines.
Some of
these library subroutines require
considerably more storage space than others
and should be avoided if the size of the
object program is to be kept to a minimum.
They include subroutines that handle the

The characteristics of a data set (record
format, length, blocking factor, etc.) will
significantly alter the time overhead of
programs performing a large amount of
input/output.
In general, the blocking of
records will save both time and space on a
data set.
It is advantageous to open a number of
files in a single OPEN statement, since
separate opening activities (either
explicit or implicit) will require the
reloading of the OPEN modules from the
transient library.
It should also be
considered that when a file is open.,
buffers or workspace and data management
interface modules are occupying storage.
Accordingly, if storage space is a prime
consideration. the judicious use of the
OPEN and CLOSE statements will help to
control the available storage .•
Of the three STREAM transmission
techniques available, data-directed will
generally be the most costly, both in time
and space (symbol tabl e entr ies exist at
object time for each data variable
transmitted).
List-directed is available
for free format input-output, but the
greatest degree of control is available by
using edit-directed, which is generally the
most efficient technique, both in object
space and exec uti on time.
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Repeated execution of a stream I/O
is best achieved by means of a
repeti.tive 00 specification within the I/O
statement, rather than by placing the
statement within a DO-loop. The repetitive
spec if i ca tion obvia te s the need for
repeat.ed library calls to perform initial
housekeeping operations such as obtaining
buffer space.
operat~ion

RECORD transmission offers facilities
for handling data aggregates as single data
entities, rather than element by element.
Certain advantages, accordingly/ are
available in terms of efficient access to
data set records and efficient use of data
set space, since the data is unconverted
and unedited.
For other than spanned records, the use
of locate mode I/O saves movement between
buffers and other locations. with spanned
records, this movement is necessary since
the segments must be transferred between
buffers and work areas. It is inefficient
to use both locate and move modes on the
same file, since considerable overheads are
incurred in obtaining and releasing work
areas.
When using the INDEXED data set
organization, accessing records in an
overflow area can slow processing
considerably.
It is recommended that
INDEXED data sets are regularly recreated
so that logically-deleted but physicallypresent records are purged from the data
set and records are collected from the
overflow areas into the prime data areas.

the operations read r punch" and pri nt to be
performed on a card during one pass through
the device. See "Device-associated Files,"
in chapter 12.
New programs that access VSAM data sets
should normally specify ENVIRONMENT(VSAM)
f or the file, although it is possible in
general to access VSAM data sets without so
doing. See "VSAM Data Sets," in chapter
12.
Input/Output Error Recovery
When I/O transmission errors are
encountered" exhaustive recovery procedures
are performed automatically by data
management, so that, upon entry to a
TRANSMIT on-unit., it is unnecessary and
impossible to perform further transmission
error correction procedures.
synchronization of transmission errors and
entry to relevant on-units can only be
guaranteed for input errors. An output
operation error may be detected in a
succeeding output operation, the particular
one being dependent upon the blocking
factor and the number of allocated cuffers.

ADDITIONAL HINTS
Operating System and Job Control

Consideration should be given especially
to the choice between the BUFFERED and
UNBUFFERED file attributes, available for
sequential access. A BUFFERED file permits
the object program to perform "anticipatory
bUffering", that is, overlap of device
transmission and computing time. An
UNBUFFERED file, though sometimes saving
space required for buffers, does not permit
such overlap, unless the EVENT option is
used.
(It should be noted, in any case,
that an UNBUFFERED file will require hidden
buffers if the record format is V, or if
the data set is INDEXED, or REGIONAL(2) or

External procedures, but not internal
procedures" are treated as separate control
sections.

(3) ) •

is incorrect..

By using the TGrAL and other opti ons in
the ENVIRONMENT attribute, the programmer
can specify., in certain circunstances, that
in-line code is to be provided for
input/output operations on a file, in place
of calls to library subroutines. For
details, see "Optimization of Input/Output
Operations," in chapter 12.
Two or three files for use with the IBM
3525 card device can be used in association
with each other to enable more than one of
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PROCEDURE Statement
Be careful to differentiate between options
of the OPI'IONS option, and other options of
PROCEDURE. For ex am pi e:
P:PROC OPTIONSCMAIN, RECURSIVE);
It shoul d be:

P:PROC OPTIONS(MAIN) RECURSIVE;

Declarations and
1.

A~tributes

Do not rely too heavily on default
attributes. Explicit declarations
help to clarify the source program
logic" and in some cases (for example,
precision) reduce the chance of error.

2.

Variables declared FIXED BINARY or
FLOAT BINARY are automatically aligned
on the proper word boundary (unless
they are declared UNALIGNED),
regardless of whether they are single
or part of an aggregate. FIXED
DECIMAL variables are stored in packed
decimal format and the decimal
instructions are used in operations
involving them. FLOAT DECIMAL
variables are stored in floating-point
format: operations involving them are
carried out using the floating-point
i nst ruct ion set.

The values of the elements would then
be:
C

'0 'B

D

'b'

E

'bbbb'

Iterations can step backwards, and the
expression in the WHILE option can refer to
the control variable, for example:
~ssignments

and Initialization
DO I=N+2*L BY -X WHILE (I>O);
END;

1.

High order zeros will be inserted if
required on assignment to or
initialization of an arithmetic
variable:
DCL A FIXED DECIMAL (5,2) INIT (12):
/*A HAS VALUE 012.00*/
DC]~ B FIXED BINARY (15, 0) :
B=12:
/*B HAS VALUE 000000000001100B*/

2.

Arrays may be initialized by
assiqnment from an element expression:
DeL A( 10)

The control variable can be modified within
the loop.
It is possible to transfer from within a
do loop to a label on the END statement for
the group. This has the effect of
incrementing the control variable without
intermediate processing; control will not
fall through. It is also possible to
transfer out of an iterative do-grou~
before the terminating value of the control
variable is reached.

;

A=O:
Functions
The element value will be assigned to
each element of the array.
Similarly,
when an element express ion is assigned
to a structure, its value will be
assigned to each element of the
structure:
DCL 1 B,
2 C BIT(l),
2 D CHAR(l),
2 E CHAR(4):
B=O:
As a result of this assignment, the
values of the various elements will
be:
C
D

'0 'B
'b'

E

"bbbO'

If i·t is required to ass ign zero to
all arithmetic and bit elements and
blanks to all character elements in a
structure containing two or all three
data types, the structure may have a
null string assigned to it, thus:
B='" :

The arguments in a function reference can
be modified by the function. Similarly,
Ithe arguments to a called routine can be
modified by that routine.

ON-conditions and on-units
Note the scope of condition prefixes:
(SIZE) :A :PROC:
(NOSIZE):IF M>N THEN DO:
J=E+F;
END:
END A;
In the above example, SIZE is disabled only
during the evaluation of the express10n
M>N; SIZE is enabled for the assignment
J=E+F.
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Comparison of Aggregates
evaluation of the comparison in the
IF statement, a single element must result,
not an aggregate. Hence aggregates cannot
be compared in an IF statement. However,
the equality of two aggregates of string
data can be tested by using the STRING
built-in function and pseudovariable.
For
example:

~fter

DECLARE ( A" B)

IF STRING CA)

IIf the incremented value of P is required
lonly temporarily as a qualifier, the
I assignment can be avoided entirely and the
Iqualifier replaced by ADDRCCCN»->.

I

I
This method is preferable to overlaying
la pointer onto a fixed binary variatle.

Common Errors and Pitfalls

(10 ) CHAR ( 10 ) ;

STRINGCB) THEN •••

This is a list of ·the errors and pitfalls
most likely to be encountered when writing
a PL/I source program.
Some of the items
concern misunderstood or overlooked
language rules, while others result from
failure to observe the implementation
conventions and restrictions.

I Arrays wi th Attributes STArIC and LABEL
The PL/I language does not allow the use
of the INITIAL attribute for arrays that
have the attributes STATIC and LABEL
because environment information for the
array does not exist until execution time.
However, when using the optimizing
compiler to compile procedures containing
such arrays, improved performance may be
obtained by specifying the INITIAL
attribute.
The compiler diagnoses the invalid
language (STATIC, LABEL, and INITIAL) and
produces message IEL0580I.
If OPTCTIME) is
specified, a check is made for GO TO STATIC
LABEL variables to see if control is
transferred to the block containing the GO
TO statement.
If control is transferred,
the normal interpretative code produced by
the compiler is replaced by direct
branching code.
If control is not
transferred, message IEL09181 is produced
and the interpretative code remains
unchanged.

The warnings apply particularly to
programs compiled by the optimizing
compiler. Although a source program which
is in error under the optimizing compiler
will in general be in error under the
checkout compiler as well, the checkout
compiler detects many of the errors listed
and takes appropriate action.

OPERATING SYSTEM AND JOB CONTROL
A STATIC variable in an overlay segment
could be overwritten during an overlay
operation unless it is contained in the
root segment.

SOURCE PROGRAM AND GENERAL SYNTAX
1.

Transcription errors may occur unless
particular care is taken when writing
the following characters:
1 (numeral)., I Cletter), I (or),
/ (slash), , (quotation mark);

If NOPT is specified, or if message
IEL09181 is produced, execution is liable
to terminate with an interrupt, or go into
a loop.

... (not) , 7 (seven),
> (greater than);
(letter) ,

0

(letter), 0 (zero) ;

S (letter), 5 (five) ;

IIf it is required to increment a pointer by
la value, the most efficient way is as
I follows:

Z (letter), 2 (two);

I

IDCL CCO:l000) CHAR BASED; /*DUMMY DECLN*/
-

I
I
I

2.

IP=ADDRCP->C(N»; /*INCREMENT P BY N*/
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< Cless than) •

L

IOverlay Defining

(brea k character) ,
(minus sign);

Ensure that the source program is
completely contained within the

margins specified by the MARGINS
option.
3.

4.

Inadvertent omission of certain
symbols may give rise to errors that
are difficult to trace.
Common errors
are: unbalanced quotation marks;
unmatched parentheses; unmatched
comment delimiters (e.g., /* instead
of */ when closing a comment); and
missing semicolons.
ReSE!rved keyword operators in the 48character set (e.g., GT, CAT) must in
all cases be preceded and followed by
a blank or comment.

5.

Care should be taken to ensure that
END statements correctly match the
appropriate DO, BEGIN, am PROCEDURE
sta t~ements •

6.

In some situations, parentheses are
required when their necessity is not
immediately obvious.
In particular,
the expression following WHILE and
RETURN must be enclosed in
paremtheses.

A: PROC;
N=4;
DCL B(N) FIXED;

END;

2.

Missing corrmas in DECLARE statements
are a common source of error. For
example, a comma must follow the entry
for each element in a structure
declarat ion.

3.

External identifiers should not
contain more than seven characters.

4.

In a PICTURE declaration, the V
character indicates the scale factor,
but does not in itself produce a
decimal point on output. The point
picture character produces a point on
output, but is purely an editing
character and does not indicate the
scale factor.
In a decimal constant,
however, the point does indicate the
scale factor.
For example:
DCL A PIC'99.9',
B PIC'99V9',
C PIC' 99.V9';
A,B,C=45.6;
PUT LIST (A,B,C);

PROGRAM CONTROL
1.

2.

3.

The'procedure to be given initial
cont.rol at execution time must have
the OPTIONSCMAIN) attribute.
If more
than one procedure has the MAIN
option, the first one encountered by
the linkage-editor gets control.
When a procedure of a program is
invoked while i t is still active in
the same task, i t is said to be used
recursively.
Under the optimizing
compiler, attempting the recursive use
of a procedure that has not been given
the RECURSIVE attribute may result in
a program interrupt after exit from
the procedure. This will occur if
reference is made to automatic data of
an earlier invocation of the
procedure.

04.5

DECLARE statements for AUTOMATIC
variables are in effect executed at
entIY to a block; sequences of the
following type should not be used:

456

45.6

If these values were now read back
into the variables by a GET LIST
statement, A, B, and C would be set to
the following respective values:
004

56.0

45. 6

If the PUT statement were then
repeated, the result would be:
00.4

560

45.6

5.

Separate external declarati~ns for the
same identifier must not specify
conflicting attributes, either
explicitly or by default.
If this
occurs the compiler will not be able
to detect the conflict.

6.

An identifier cannot be used for more
than one purpose within its scope.
Thus, the use of X in the following
sequence of statements would be in
error:

When a procedure may be invoked while
i t is still active in another task"
the REENTRANT option must be
specified.

DECLARATIONS AND ATTRIBUTES
1.

This will cause the following values
to be put out f or A, H, and C,
respectively:

PUT FILE (X) LIST (A,B,C);
X=Y+Zi
X:
M=Ni
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1.

The precJ.s1on of decimal integer
constants should be taken into account
when such constants are passed.
For
example:

10.

The precision of complex expressions
is not obvious. For example, the
precision of 1 + 11 is (2,0)" that is/,
the precision follows the rules for
express ion eval uation.

11.

When a procedure contains more than
one entry point, with different
parameter lists on each entry, make
sure that no references are made to
parameters other than those associated
with the point at which control
entered the procedure.
For example:

CALL ALPHA ( 6);
ALPHA: PROCEDURE(X):
DCL X FIXED DECIMAL;
END;
If ALPHA is an external procedure, the
above example is incorrect because X
will be given default precision (5,0),
while the constant" 6, will be passed
with precision (1,0).
8.

A: PROCEDURE(P,Q):
P=Q+8: RETURN;
B: ENTRY(R,S):
R=P+S: /*THE REFERENCE TO P
IS AN ERROR*/
END;

When a data item requires conversion
to a dummy, and the called procedure
alters the value of the parameter,
n()te that the dummy is altered, not
the original argument.
For example:
DCL A FIXED,
B FLOAT;
CALL XCA,B);
X:PROC(Y,Z);
DCL (Y,Z) FIXED:
Y=Z**100: /*A IS ALTERED IN
CALLING PROC*/
Z=Y**3:
/*B IS UNALTERED IN
CALLING PROC*/

12.

Based storage is allocated in terms of
doublewords; therefore, even for the
smallest item, at least eight bytes
are required.

13.

The variable used in the REFER option
must be referred to unarrbiguously.
For example:

DCL 1 A,

END X:

9.

2 Y FIXED BIN,
2 Z FLOAT"
1 B"
2 Y FIXED BIN,

When the attributes for a given
identifier are incompletely declared,
the rest of the required attributes
are supplied by default. The
follOwing defaul t assumptions should
be carefully noted.
F.LOAT DECIMAL(6) REAL is assumed for
implicitly declared arithmetic
variables, unless the initial letter
is in the range I through N, when
FIXED BINARY(15,O) REAL is aSsumed.

2 TC1:N REFERCB.Y»;
In any references to this declaration,
Y must be fully qQalified to prevent a
possible arrbiguity.
14.

If a variable is explicitly declared
and any of the base, scale" or mode
attributes is specified, the others
are taken from the set
FLOAT/DECIMAL/REAL. For example:
DeL I:

DCL J REAL:

DCL B BASED CP),

/*1 IS FIXED BINARY
(15,0) REAL
AUTOMATIC*/

P AUTO,

.,

/*J IS FLOAT DECIMAL
(6) REAL
AUTOMAT IC*/

The explicit declaration of P is
processed first by the compiler and
the default attributes" FLOAT and
DECIMAL are added: the contextual
declaration of P is then conflicting.

DCL K STATIC; /*K IS FIXED BINARY
(15,0) REAL
STATIC*/
DCL L FIXED;
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Conflicting contextual declarations
must be avoided. P is often used as
the name of a pointer; it must not,
therefore, assume by default the
characteristics of another data type.
For example:

15.

Parameters may not be given one of the
storage class attributes AUTOMATIC,
BASED, or STATIC: a parameter must

Note that this problem can also occur
under the optimizing corrpiler as a
result of CHECK system action for an
uninitialized array.
If the CHECK
condition were enabled for the array
in the above example, and system
action were taken, the results, and
the way in whi ch the program
terminates:, would be unpredictable.
The same problem arises when PUT DATA
is used.

either be CONTROLLED or have no
storage class.

ASSIGNMENTS AND INITIALIZATION
1.

When a variable is accessed, it is
assumed to have a value which has been
previously assigned to it and which is
consistent with the attributes of the
variable.
If this assumption is
incorrect, either the program will
proceed with incorrect data or a
program interrupt will occur. Such a
situation can result from failure to
initialize the variable, or it can
occur as a result of the variable
having been set in one of the
following ways:

3.

Note the distinction between =
(assignment) and = (comparison).
statement

The

A=B=C;
means "compare B with C and assign the
result (either 'l'B or 'O'B) to A,
performing type conversion if
necessary."

a.

by the use of the UNSPEC
pseudovariable

b.

by record-oriented input

4.

c.

by overlay defining a picture on a
character string, with subsequent
assignment to the character string
and then access to the picture

Assignments that involve conversion
should be avoided if possible (see
"Arithmetic and Logical Operations"
later in this chapter).

5.

In the case of initialization of or
assignment to a fixed length string:
if the assigned value is shorter than
the string, it is extended on the
right with blanks (for a character
string) or zeros (for bit strings).
For example:

d.

by passing as an argument a
variable assigned in a different
procedure, without matching the
attributes of the parameter.

e.

by assignment to a based variable
with different attributes, but at
the same location.

DCL A CHAR (6),
B CHAR(3) INIT('CR');
A=Bi

Failure to initialize a variable will
result in the variable having an
unpredictable value at execution time.
Do not assume this value to be zero.
Failure to initialize a subscript can
be detected by enabling
SUBSCRIPTRANGE, when debugging the
program (provided the uninitialized
valu.e does not lie within the range of
the subscript).
2.

Under the optimizing compiler, any
attempt to put out a variable or array
that has not been initialized may well
cause a data interrupt to occur.
For
example:
DCL A(10) FIXED;
A(1)=10;
PUT LIST (A);
To avoid the data interrupt, the array
should be initialized before the
assignment statement, thus:
A=Oi

After the execution of the above
statements, B would contain CRb, and A
would contain CRbbbb.
6.

It is not possible to reference a
cross section of an array of
structures; the whole of an array of
structures" or a single element may be
referenced, but not a cross section.

7.

When SIZE is disabl ed" the result of
an assignment which would have raised
SIZE is unpredictable:
FIXED BINARY: The result of an
assignment here -- which includes, for
instance, source language assignments
and the conversions implied by
parameter matching
may be to raise
FIXEDOVERFLGl.
FIXED DECIMAL: Truncation to the
nearest byte may occur, without
raising an interrupt.
If the ta~et
precision is even, an extra digit may
be inserted in the high-order byte.
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ARITHMETIC AND LOGICAL OPERATIONS
1.

c.

The rules for expression evaluation
should be carefully noted, with
particular reference to priority of
operations. The following examples
show the kind of mistake that can
occur:

DCL A BIT (1) ,
D BIT (5);
A=l; /*A HAS ~LUE 'O'B*/
D=l; /*D HAS VALUE '00010'B*/
D='l'B; /*D HAS VALUE
10000' B*/
IF A=l '!HEN GO TO Y;
ELSE GO TO X;

X>YIZ is not equivalent to X>YIX>Z but
is equivalent to (X>Y) I Z

Q

X>Y>Z is not equivalent to X>Y&Y>Z but
is equivalent to (X>Y»Z
All operation sequences of equal
priori ty are eval uated left to right,
except for **, prefix +, prefix -" and
~, which are evaluated right to left.
Thus, the statement

The branch will be to X, becaus e
the assignment to A resulted in
the following sequence of actions:
(1) The decimal constant, 1, is
assurred to be FIXED DECIMAL
(1,0) and is assigned to
temporary storage with the
attributes FIXED BINARY(4,0),
taking the value 0001B;

is equivalent to
A=B** (- (C**D»;
The normal use of parentheses is to
modify the rules of priority; however,
it may be convenient to use redundant
parentheses as a safeguard or to
clari fy the operation.
2.

(2) This value is now treated as a
bit string of length (4), so
that it becomes 'OOOl'B;

Conversion is governed by
comprehensi ve rules which must be
thoroughly understood if unnecessary
trouble is to be avoided.
Some
examples of the effect of conversion
follow.
a.

(3) The resultant bit string is
assigned to A. Since A has a
declared length of 1, and the
value to be assigned has
acquired a length of 4,
truncation occurs at the
right, and A has a final value
of 'O'B.

DECIMAL FIXED to BINARY FIXED can
cause unexpected results if
fractions are involved:

TO perform the comparison
operation in the IF statement,
'O'B and 1 are converted to FIXED
BINARY and compared
arithmetically. They are unequal,
giving a result of "false" for the
relationship A=l.

DCL I FIXED BIN(31,S) INIT(1);
I = 1+.1;
The value of I is now 1.0625.
This is because .1 is converted to
FIXED BINARY(S,4), so that the
nearest binary approximation is
O.OOOlB (no rounding occurs).
The
decimal equivalent of this is
.0625. A better result would have
been achieved by specifying .1000
in place of .1.
b.

If arithmetic is performed on
character string data, the
intermediate results are held in
the maximum fixed decimal
precision (15,0):
DeL A CHAR(6) INIT('123.4S');
DeL B FIXED(S,2);
B=A;
/*B HAS VALUE 123.45*/
B=A+A; / *B HAS VALUE 246.00*/
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The rules for arithmetic to bit
string conversion affect
assignment to a bit string from a
decimal constant:

In the first assignrrent to D, a
sequence of actions similar to
that described for A takes place,
except that the value is extended
at the right with a zero, because
D has a declared length that is 1
greater than that of the value to
be ass igned.
d.

Assignment of arithmetic values to
character strings involves
conversion according to the rules
gi ven in secti on F" "Data
Conversion and Expression
Evaluation" •

Example 1

be necessary to write

DC L A CHAR (4) ,
B CHAR(7);
A='O'; /*A HAS VALUE 'Obbb'*/
A=O;
/*A HAS VALUE 'bbbO'*/
B=1234567; /*B HAS VALUE
'bbb1234'*/

25+01/3
The explanation is that constants
have the precision and scale
factor with which they are
written, while FIXED division
results in a value of maximum
implementation-defined precision.
The results of the two evaluations
are reached as follows:

Note: The three blanks are
iieC'eSsary to allow for the
possibility of a minus sign, a
decimal or binary point" and
provision for a single leading
zero before the point.

r---------------------------------,
1
1 Precn/I

Example 2

1
1 Item

DeL CTLNO CHAR(8) INIT('O');
DO I=1 TO 100;
CTLNO= CTLNO+ 1;

1
3

1/3
25
25+1/3

END;
In this example, a conversion
(:rror occurs beca us e of the
following sequence of actions:

(1,0)
(1,0)
(15,14)
(2,0)
(15,14)

1

1

Result
1
3

10. 33333333333333
1
25
I
undefined
1 (truncation on
1 left;
I FIXEDOVERFLOW
I would be raised
1 unless disabled)

01
I (2,0) 1
01
3
I (1,0) 1
3
01/3
I (15,13) 100.3333333333333
25
I (2,0) I
25
25+01/31 (15,13)125.3333333333333

(1) The initial value of CTLNO,
that is, 'Obbbbbbb', is
converted to FIXED
DECIMAL (15,0) •

L---------------------------------J

(2) The decimal constant, 1,
assumed to be FIXED
OECIMAL(l,O)" is added; in
accordance with the rules for
addition, the precision of the
result is (16" 0) •

Alternatively, the PRECISION
built-in function could be used:

f.
(3) This value is now converted to
a character string of length
18 in preparation for the
assignment bac k to CTLNO.

Checking of a picture is performed
only on assignment into the
picture variable:

DCL A PIC'999999',
B CHAR(6) DEF A,
C CHAR(6);
B=' ABCDEF 1 i
C=A; /*WILL NOT RAISE CON V
CONDITION*/
A=Ci /*WILL RAISE CONV*/

(4) Because CTLNO has a length of
8, the assignment causes
truncation at the right; thus,
CTLNO has a final value that
consists entirely of blanks.
This value cannot be
successfully converted to
arithmetic type for the second
iteration of the loop.
e.

1 scale 1
1 Factor 1

Note also (A, B"
above):

C as declared

A=123456; /*A HAS VALUE
123456*/
/* B HAS VALUE
'123456'*/
C=123456; /*C HAS VALUE
'bbb123'*/
C=Ai /*C HAS VALUE '123456'*/

FIXED division can result in
unexpected overflows or
truncation. For example, the
result of evaluating the
c:xpression
25+1/3
g.
would be undefined and
11'I XEDOVERFLOW would be raised. To
obtain the correct result it would

A FIXED DECIMAL element with a
dec·lared even precision (P, Q) may
have an effective precision of
(P+l,Q), as the high-order ~te
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may not be non-zero. The SIZE
condition can be used to eliminate
this effect:
DeL (A,B,C) FIXED DECIMAL (6,,0);
ON SIZE:

4.

do-groups cannot be used as on-units;
a BEGIN block must be used for an onunit of more than one statement.

5.

Upper and lower bounds of iterative do
groups are computed once only, even if
the variables involved are reassigned
within the group. This applies also
to the BY expression.

(SIZE): A = B + C;
This ensures that the high-order
byte of A is zero after the
ass ignrnent.

Any new values assigned to the
variables involved would take effect
only if the do-group were started
again.
6.

DO-GROUPS
1.

The scope of a condition prefix
applied to a DO statement is limited
to execution of the statement itself;
it does not apply to execution of the
enti re group.

2.

An iterative do-group is not executed
if the terminating condition is
satisfied at initialization:

1=6:
DO J=I TO 4;
X=X+J;
END;

DO 1=1 WHILE(X>Y);

END;

1.

X is not altered by this group, since
BY 1 is implied. Iterations can step
backwards, and if BY -1 had been
specified, three iterations would ha ve
taken place.
3.

In a do-group with both a control
variable and a WHILE option, the
evaluation and testing of the WHILE
expression is carried out only after
determination (from the value of the
control variable) that iteration may
be performed. For example, the
following group would be executed at
most once:

I is frequently used as the control
variable in a do-group, for example:
DO 1=1 TO 10;
Within the scope of this implicit
declaration, I might be contextually
declared as a pointer, for example:

Expressions in a DO statement are
assigned to temporaries with the same
characteristics as the expression, not
the variable. For example:

DCL X BASED (I) ;
The two statements are in conflict and
will produce a diagnostic message.
When I is, a pointer variable, it can
only be used in a do-group in one of
the following ways:

DCL A DECIMAL FIXED( 5,,0) ;
A=10;
DO 1=1 TO A/2;

a.

DCL (I, lA, IB, IC) POINTER;

END;
This loop will not be executed,
because A/2 has decimal precision
(15,10), which, on conversion to
binary (for comparison with I),
becomes binary (31~34).

DO I=IA, IB" IC;

b.

DO WHILE (I=IA) ;

Fi ve iterations would result if the DO
s'tatement were replaced by

8.
ITEMP=A/2:
DO 1=1 TO ITEMP;
or
DO 1=1 TO PREC(A/2,6,1)
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DCL (I, IA) POINTER;

If the control variable is used as a
subscript within the do-group, care
must be taken not to let the variable
run beyond the bounds of the array
dimension. For instance:

DECLARE A(10);
DO I = 1 TO N;

2.

Note the effect of array
mul tiplication:
DCL (A, B , C)

C1 0 , 10) ;

ACI) = X;
A=B*C;
END;

This does not affect matrix
multiplication; it is equivalent to:

If N is greater than 10 then the
assignment statement may overwrite
data beyond the storage allocated to
the array A. Such a bug can be
difficult to find, particularly if the
overwritten storage happens to contain
object code. The error can be
detected by enabling SUBSCRIPTRANGE.

DCL (A,B,C)

C10,10);

DO I=l TO 10;
DO J=l TO 10;

ACI,J)=B(I,J)*CCI,J);
END; END;

STRINGS
DATA AGGREGATES
1.

1.

Assignments made to a varying string
by means of the SUBSTR pseudovariable
do not set the length of the string.
A varying string initially has an
undefined length, so that if all
assignments to the string are made
using the SUBSTR pseudovariable, the
string still has an undefined length
and cannot be successfully assigned to
another variable or written out.

2.

The user must ensure that the lengths
of intermediate results of string
expressions do not exceed 32767 bytes.
This applies particularly to strings
of varying lengths, as there is no
obj~ct-time length checking.

Array arithmetic should be thought of
as a convenient way of specifying an
iterative computation.
For example:
DCL AC10,20);

A==A/A(l,l);
has the same effect as
DCL A(10,20);

DO I=l TO 10;
DO J=l TO 20;
ACI,J)=ACI,J)/AC1,1);
END; END;
Note that the effect is to change the
value of AC1,1) only, since the first
iteration would produce a value of 1
for AC1,1).
If the programmer wished
to divide each element of A by the
original value of AC1,1), he could
write

FUNCTIONS AND PSEUDOVARIABLES
1.

B:=A C1,1) ;
A:=A/B;

When UNSPEC is used as a
pseudovariable. the expression on the
right is converted to a bit string.
Consequently, the expression must not
be invalid for such conversion; for
example, if. the expression is a
character string containing characters
other than 0 or 1, a conversion error
will result.

or alternatively,
ON-CONDITIONS AND ON-UNITS
DeL AC10,20),
B C10,20) ;
1.
B:=A/AC 1, 1) ;

Note the correct positioning of the ON
statement.
If the specified action is
to apply when the named condition is
raised by a given staterrent, the ON
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statement must be executed before that
statement. The statements:

including NO-condition prefixes. For
instance, disable the SIZE condition
by removing the SIZE prefix, rather
than by adding a NOSIZE prefix. The
former method allows the compiler to
eliminate code that checks for the
condition, whereas the latter method
necessitates the generation of extra
code to prevent the checks being
carried out.

GET FILE (ACCTS) LISr (A, B, C);
ON TRANSMIT (ACCTS) GO TO TRERR~
would result in the ERROR condition
being raised in the event of a
t.ransmission error during the first
GET operation, and the required branch
would not be taken (assuming that no
previous ON statement applies).
Furthermore, the ON statement would be
executed after each execution of the
GET statement.
2.

An on-unit cannot be entered by means

INPUT/OUTPUT
1.

of a GOTO statement. To execute an
on-unit deliberately, the SIGNAL
statement can be used.
3.

4.

5.

CONVERSION on-units entered as a
result of an invalid conversion (as
opposed to SIGNAL) should either
change the invalid character (by means
of the ONSOURCE or ONCHAR
pseudovariable), or else terminate
wi th a Goro statement.
otherwise, the
system will print a message and raise
t:he ERROR condi tion.
At normal exit from an AREA on-unit
t:he standard system action is to try
again to make the allocation. As a
result the on-unit will be entered
again, and an indefinite loop will be
created. To avoid this, the amount
allocated should be modified in the
on-unit, for example, by using the
EMPTY built-in function or by changing
Cl pointer variable.

Do not use on-units to implement the
program's logic:
use them only to
recover from truly exceptional
conditions. Whenever an on-unit is
entered, considerable error-handling
overheads are incurred. To implement
the logic, the programmer should
perform the nece ssary tests, rather
-than relying on the compiler's
condi tion-detecting faci Ii ties.
F'or example, in a program using
record-oriented output to a keyed data
set, the programmer might ·wi sh to
eliminate certain keys because they
would not fit into the limits of the
data set.
He may rely on the raising
of the KEY condi tion to detect
unsuitable keys, but it is
considerably more efficient for him to
1:est each key himself.

The UNDEFINEDFILE condition is raised
not only by conflicting language
attributes (such as DIRECT with
PRINT)., but also by the following:
a.

Block size smaller than record
size (except when records are
spanned).

b.

LINESIZE exceeding the permitted
maximum.

c.

KEYLENGTH zero or not specified
for creation of INDEXED,
REGIONAL (2) , or REGIONAL(3) data
sets.

d.

specifying a KEYLOC option, for an
INDEXED data set, with a value
resulting in KEYLENGl'H + KEYLOC
exceeding the record length.

e.

Specifying a V-format logical
record length of less than 18
bytes for STREAM data sets.

f.

specifying, for FB-format tlocked
records, a block size which is not
an integral multiple of the
recordsize.

g.

specifying, for VB-format records,
a logica 1 record length that is
not at least four bytes smaller
than the specified block size.

2.

If a file is to be used for both input
and output, it must not be declared
with either the INPUT or the OUTPUT
attribute. The required option can be
specified on the OPEN statement.

3.

Input/output lists must be surrounded
by a pair of parentheses; so must
iteration lists. Therefore, two pairs
of outer parentheses are required in
GET LIST «AeI) DO 1=1 TO N»;

6.
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1\fter debugging, disable any normallydisabled conditions that were enabled
for debugging purposes by removing the
relevant prefixes, rather than by

OS PLII CKT AND OPT LRM PART r

4.

The last eight bytes of a source key
to access a regional data set must be
the character string representation of

a fixed decimal integer. When
generating the key, the rules for
arithmetic to character string
conversion should be considered. For
example, the following group would be
in e:rror:

For example:
DCL 1 A,
2 B CHAR(S),
2 C FIXED(S,2):

PUT ED IT (A ) (A ( S) , F ( S , 2 ) ) ;

DeL KEYS CHAR(8);
DO I=l TO 10;
KEYS=I;
WRITE FILE(F) FROM (R)
KEYFROM (KEYS);
END;
The default for I is FIXED
BINARY(lS,O), which requires not 8 but
9 characters to contain the character
string representation of the
arithmetic values.
S.

will be matched with the A(S) item,
and C will be matched with the F(S,2)
item.

B

10.

Arrays are transmitted in row major
order (e.g., A(l,l)~ A(1.2), A(l,3),
A ( 2,1) ,
etc. )

11.

Strings used as input data for GET
DATA and GET LIST must be enclosed in
quotation marks.

12.

The 48-character representation of a
semicolon c.,.) is not recognized as a
semicolon if it appears in a datadirected input stream: the 11-8-6
punch must be used.

13.

The user must be aware of a limitation
of PUT DATA: (i.e., without a data
list):
its effect when used with an
ON statement is restricted because the
data known to PUT DATA would be the
data known at the point of the onunit.

Note that the file must have the KEYED
attribute if the KEY, KEYFROM, or
KEYTO options are to be used in any
input/output statement referring to
that file.

6.

The standard file names SYSIN and
SYSPRINT ar~ implicit only in GET and
PUT statements. Any other reference,
such as those in ON statements or
record-oriented input/output
statE~ments, must be explicit.

1.

PAGEBIZE and LlNESIZE are
attributes., that is, they
included in a declaration
file; they are options on
statement.

If the ON statement

8.

not file
cannot be
f or the
the OPEN

When an edit-directed data list is
exhausted, no further format items
will be processed, even if the next
format item does not require a
rna tching da ta i tern.
For example:
DeL A FIXED (S),
B FIXEDCS,2):
GgT EDIT (A,B) (FCS),F(S,2),X(70»:
The X(70) format item will not be
processed. To read a following card
with data in the first ten columns
only, the SKIP option can be used:
GET SKIP EDIT (A,B)

9.

ON ERROR PUT DATA:
is used in an outer block, it must be
remembered that variables in inner
blocks are not known and therefore
will not be dumped. It would be a
good practice, therefore, to repeat
the on-unit in all inner blocks during
debugging.
If an error occurs during execution of
the PUT DATA statement, and this
statement is within an ERROR on-unit,
the program will recursively enter the
ERROR on-unit until no rrore storage
remains. Since this could be wasteful
of machine time and printout, the
ERROR on-unit should be turned off
once i t is entered.
Instead of:

(F(S), F(S,2»;

ON ERROR PUT DATA:

The number of data items represented
by an array or structure name
appearing in a data list is equal to
the number of elements in the array or
structure; thus if more than one
format item appears in the format
list, successive elements will be
matched with successive format items.

better code would be:
ON ERROR BEGIN:
ON ERROR SYSTEM:
PUT DATA:
END:
When PUT DATA is used without a data-
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list every variable known at that
point in the program is transmitted in
data-directed output format to the
specified file.
Users of this
facility, however, should note that:

There is one case where it is not
possible to check for the KEY
condition on a LOCATE statement until
transmission of a record is attempted.
This is:

a) Uninitialized FIXED DECIMAL data
may raise the CONVERSION condition
or a data interrupt.

When there is insufficient room in
the specified region to output the
record on a REGIONAL(3) V- or Uformat file.
Neither the record
raising the condition nor the
current record is transmitted.

b) Unallocated CONTROLLED data will
cause arbitrary values to be
printed and, in the case of FIXED
DECIMAL, may raise the CONVERSION
condition or a data interrupt.

14.

A pOinter set in
SET is not valid
operation on the
CI~OSE statement.
WHIT E a nd LOCATE
freely mixed.

READ SET or LOCATE
beyond the next
file, or beyond a
In OUrpUT files,
statements can be

When i t is required to rewrite a
record that has been read into a
buffer (using a READ SEr statement
that specifies a SEQUENrIAL UPDATE
file) and then updated, the REWRITE
statement without a FROM option may be
used. The result of a REWRITE after a
READ SET is always to cause the
contents of the last buffer to be
rewritten onto the data set. For
example:
3

READ FILE (F) SET

5

P->R = s;

7

REWRITE FILE (F);

If a LOCATE is the last I/O statement
to be executed before the file is
closed, the record is not transmitted
and the condition may be raised by the
CLOSE statement.
15.

If a reference is made, at object
time., to a based variable that has not
been allocated storage, an
unpredictable interrupt (protection,
address ing" or speci fication) may
occur.

16.

Areas, pointers, offsets and
structures containing any of these
cannot be used with STREAM I/O.

11.

When a based variable is freed, the
associated pointer no longer contains
useful information.

18.

A based variable allocated in an area
must be freed in that area. For
example:

(P) ;

DCL A AREA, B BASED (X);
ALLOCATE B IN (A);

FREE Bi
FREE B IN (A);
19.

11

READ FILE (F) INrO (X);

15

REWRITE FI,LE (F);

19

REWRITE FILE (F) FROM eX);

~otes:

/* INVALI D */
/* VALID
*/

The alignment in the buffer of the
first byte of the first record in a
block that has been read from an ASCII
data set is not necessarily on a
doubleword. The block prefix is
doubleword aligned, but the alignment
of the first record depends on the
length of the block prefix.

ITUNING A PROGRAM FOR A VIRTUAL STORAGE
I SYSTEM

Statement 7 will rewrite a record
updated in the buffer.
statement 15 will not change the
record on the data set at all.
statement 19 will raise ERROR, since
there is no preceding READ statement.
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IThe output of the optimizing compiler is
Iwell suited to the requirements of a
Ivirtual storage system. The executable
I code is read-only and is separate from the
Idata which is itself held in discrete
I segments. For these reasons there is

usually little cause to tune the' program to
reduce paging. Where such action is
essential, a number of steps can be taken.
However, :l t should be borne in mi nd that
the effects of tuning are usually small.
The object of tuning for a virtual
storage system is to minimize the paging,
that is to reduce the number of times the
data is moved from auxiliary storage into
main storage and vice-versa. This can be
done by making sure that items that are
accessed together are held together and by
making as many pages as possible read only.
When u:3ing the optimi zing compiler the
problem can be approached both by writing
the source program so that the compiler
will produce the most advantageous use of
virtual s·torage and, if further tuning is
required, by using linkage editor
statements to manipulate the output of the
compiler so that certain items appear on
cer tain pages.

ISTATIC INTERNAL and AUTOMATIC. The storage
Iwhere both types of variable are held is
I required during execlltion for reasons other
Ithan access to the variables. The sto~age
lused for based or controlled variables is
I not however required and avoiding these
Istorage classes may reduce paging.

I

I

Complete control of the positioning of
variables can be obtained by declaring them
BASED within an AREA variable. All
variables held within the area will be held
together.
A further refinement is possible that
increases the number of read only pages.
This is to declare STATIC INITIAL only
those variables that remain unaltered
throughout the program and to declare the
procedure in which they are contained
REENTRANT.
If this is done, the static
internal CSECT produced by the compiler
will be made read-only, with a consequent
reduction in paging overhead.

To enable the compiler to produce the
most advantageous output, care must be
taken both in how the source code is
written and how the data is declared.

To produce code that can be manipulated
by linkage editor statements" it is
necessary to understand that the compiler
output is a series of CSECTS (control
sections) and that these are the units that
are manipulated by the linkage editor. You
can control the linkage editor so that the
CSECTs you specify will be placed together
either within pages or so that a particular
CSECT will be placed at the start of a
page. The linkage editor statements to do
this are given in the publication OS/VS
Linkage Editor and Loader, Order No. GC263813.

In writing source code large branches
around the program should be avoided.
statements that are frequently executed
together should be placed in the same
section of the source program.
In declaring data, the most important
aspect is the handling of data aggregates
that are considerably larger than the page
size. Care should be taken that items
within the aggregate that are accessed
together are held together.
In this
situation the choice between arrays of
structures and structures of arrays may be
critical. Consider an aggregate containing
3000 members and each member consisting of
a name and a number.
If it is declared:

The optimizing compiler always produces
at least two CSECTs for every external
procedure. One CSECT contains the
executable code and is known as the program
CSECT" the other CSECT contains addressing
data and static internal variables and is
known as the static CSECT.
In addition, it
produces a CSECT for every static external
variable. A number of other CSECTs are
produced for housekeeping purposes.
(A
full descriptior. of compiler output is
given in the publication OS PL/I OPtimizing
Compiler: Executlon Logic, Order No.
SC33-0025. )

DCL :1 A( 3000) ,
2 NAME CHAR (14) ,
2 NUMBER FIXED BINARY;
the 100th name would be held adjacently
with the lOOth number and so they could
easily be accessed together. However, if
it is declared:
DCL l A,
2 NAME(3000) CHAR(14),
2 NUMBER(3000) FIXED BINARY;
all the names would be held contiguously
followed by all the numbers, thus the 100th
name and ·the 100th number would be widely
separated,.
When choosing the storage class for
variables there is little to choose between

You can a ffeet the n umber of CSECTs
produced by the compiler by declaring
Ivariables STATIC EXTERNAL and by making
I procedures external thus getting a CSECT
Ifor each external variable and a program
ICSECT and a static internal CSECT for each
lexternal procedure. It is possible to
Iplace a number of variables in one CSECT by
Ideclaring them BASED in an AREA that has
Ibeen declared STATIC EXTERNAL.

I

I
When a program is divided into a
I satisfactory arrangement of CSECTs it is
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Ithen possible to analyze the use of the
ICSECTS and arrange them to minimize paging.
lIt should be realized however that this is
la difficult and time consuming operation
Iwhich should not be undertaken lightly.
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Chapter 19: Interlanguage Communication Facilities

The PL/I i.nterlanguage facilities permit
communi.cation, at execution time, between
programs compiled by the PL/I checkout and
optimizing compilers and programs compiled
by one of the following compilers, and
executed using the corresponding library.
The compilers and libraries have all been
developed by IBM for os.
Compiler or Library

Program No.

E'ORTRAN E
FORTRAN G
FORTRAN H Version II
FORTRAN Li.brary
COBOL E
COBOL E Li.brary
COBOL F
COBOL F Library
American National Standard
COBOL
~merican National Standard
COBOL I,i brary

360S-FO-092
360S-FO-520
360S-FO-500
360S-LM-501
360S-CO-503
360S-LM-504
360S-CB-524
360S-LM-525
360S-CB-545
360S-LM-546

Communication between a PL/I program,
and a program compiled by one of the
FORTRAN or COBOL compilers, can be achieved
in two ways:
1.

By using a conversion data set for the
PL/I and COBOL/FORTRAN routines.

2.

By invoking a COBOL/FORTRAN routine
from a PL/I routine, or vice versa,
and by passing data either as
arguments or in the form of static
storage.

If a common data set is used to
communicate between a PL/I and a COBOL
routine, t:he COBOL option of the
ENVIRONMENT attribute may be required.
further dE~ails, see the section "Data
Interchange (COBOL)" in chapter 12.

For

A PL/I procedure can invoke a COBOL
routine by use of the CALL statement, or
can invoke a FORTRAN routine by use of the
CALL statement or a function reference.
Alternatively, a PL/I procedure can be
invoked by use of the corresponding
language features in a COBOL or a FORTRAN
main program or routine.
Arguments can be
passed on invocation, and a value can be
returned :f:or function references.
A COMMON block in FORTRAN has storage
equivalent: to that of a STATIC EXTERNAL
variable in PL/I. If a COMMON block and a
STATIC EX,]~ERNAL variable are given the same
name, then they will be allocated the same
block of storage, in the same way as two
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identical STATIC EXTERNAL variables in
PL/I. Assigning a value to one variable
causes the same value to be assigned to the
other. There is no similar equivalence in
COBOL - no COBOL variable can hav~ common
storage with a PL/I variable other than as
an argument or parameter.
The interlanguage facilities are
entirely provided by the PL/I compiler:
they are obtained by specifying the
appropriate language items in the invoking
or invoked PL/I procedure.
Existing COBOL
or FORTRAN programs or routines generally
do not need modification or recompiling for
interlanguage use: new programs or routines
can be written in these languages and
compiled as before" without the need to
anticipate interlanguage communication.
Thus existing COBOL or FORTRAN application
programs can be extended by the use of PL/I
procedures, while COBOL or FORTRAN
libraries can be made available to new or
existing PL/I procedures.
Note: In the context of this Chapter,
"routine" includes a COBOL subprogram, or a
FORTRAN subroutine or function, including a
FORTRAN library function. The conventions
that exist in these languages for handling
subroutines and functions apply normally"
and are not modified for inter language use.
In particular, the restriction that a
FORTRAN function cannot be invoked without
passing an argument or arguments still
applies when the invocation is from a PL/I
routine.

Interlanguage Facilities
While a detailed knowledge of COBOL or
FORTRAN is not essential for use of the
interlanguage facilities, the programmer
may need to be aware of the equivalents in
data organization in PL/I and the other two
languages. These equivalents must be
understood in order to achieve
argument/parameter matching.
The interlanguage facilities
automatically resolve differences in the
mapping for equivalent data organizations#
when matching arguments and parameters: the
programmer can, if he wishes" override this
action.
Facilities are provided to extend PL/I
interrupt-handling to cover invoked COBOL
or FORTRAN routines.

Interlanguage Corrffunication Facilities
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Passing Arguments to a COBOL or FORTRAN
Routine
When an argument is passed to a COBOL or a
FORTRAN routine" the data type is
determined in the normal PL/I manner, that
is, from the parameter descriptor list of
the associated entry declaration, or from
the argument itself. The interlanguage
facilities ensure, however, that the
addressing mechanism for the argument is
that used by the invoked language, and
that, unless otherwise required, the
mapping of any aggregates passed is that
used by the invoked language. Note that
since the interlanguage facilities provided
by PL/I cannot look at the parameter in the
invoked routine, it is the programmer's
responsibility to ensure that the parameter
in the invoked routine corresponds in data
type and organization to the argument
description in PL/I.
If the PL/I compiler can determine, at
compile-time, that the mapping of a
structure or array argument is the same in
PL/I as in the invoked language, the
argument is passed directly to the invoked
routine. However, where such mapping
equivalence does not exist, the
interlanguage facilities provide for a
dununy argument to be pass ed, where the
dummy is 'mapped according to the rules of
the invoked language. See section K, "Data
Mapping" •
If the PL/I data types of arguments
passed to FORTRAN or COBOL have no
equivalents in these languages, a warning
message is produced at compile-time. At
execution-time the results are undefined,
and may include abnormal termination.
Data types:
PL/I has more data types than
either COBOL or FORTRAN; some have no
equivalents in these languages. The extent
to which PL/I data types have equivalents
in COBOL or FORTRAN, and therefore can be
passed as arguments, is summarized here.
Problem data:
Most of the PL/I qata types
have E~qui valents in either COBOL or
FORTRAN. Tables of data equivalents for
PL/I-COBOL and PL/I-FORTRAN are given
belCM 11 in "COBOL Interf ace" and "FORTRAN
Interface" respectively.
Program-control data: Arguments of any
program-control data type can be passed to
an invoked COBOL or FORTRAN routine.
However, only an entry argument can be
passed and used within the invoked routine,
and then only if the routine is a FORTRAN
routine. Arguments of any other data type
should not be used in the invoked routine
except. to be passed in turn to a PL/I
procedure.
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Note: The COBOL option in the ENVIRONMENT
attribute can be specified for a file that
is to be used in certain input/oqtput
operations. Although this option initiates
remapping of PL/I structures, it is in no
way associated with the interlanguage
facilities descril~d here; a file with this
option cannot be used as a file argument or
a file parameter. For use of the COBOL
option of the ENVIRONMENT attribute, see
"ENVIRONMENT Attribute" in chapter 12,
"Record-Oriented Transmission."
Data-mapping:
In order that an argument
can be successfully passed to a COBOL or
FORTRAN routine, the mapping of the actual
argument passed must correspond to the
mapping assumed for the parameter by COBOL
or FORTRAN.
For an element argument, the only
requirement is that the alignments of
argument and parameter are compatible.
In
PL/I the alignment of variables is
determined by the ALIGNED and UNALIGNED
attributes. The equivalent specifications
in COBOL and FORTRAN are:
~L/I

COBOL

FORTRAN

ALIGNED

SYNCHRONIZED

Norreal alignment

UNALIGNED

Unsynchronlzed

No equivalent

The alignment of a PL/I argument is
deduced, like the data type, from the
parameter descriptor list or from the
argument itself. Only ALIGNED elements may
be passed to SYNCHRONIZED COBOL parameters,
or to FORTRAN parameters. Either ALIGNED
or UNALIGNED e lemE~nts can be passed to
COBOL unsynchronized parameters. It is the
programmer's responsibility to ensure that
these alignments are compatible.
The problem is more complicated for data
aggregates. A PL/I or a COBOL structure
for example can have either of the
alignment stringencies given above. In
addition, each'member can have its own
alignment stringency or all trembers can
have the same alignment stringency.
Padding bytes are inserted by the mapping
algori thm for the particular language" in
order to preserve the required alignment
for each member. In a PL/I structure, the
alignments are adjusted, where possible, to
minimize the amount of padding required;
this adjustmEnt does not occur in a COBOL
structure. The result is that a structure
mapped with the PL/I mapping algorithm may
not have the same layout in main storage as
a structure mapped with the COBOL
algorithm.
Similarly, the mapping of arrays is
different in PL/I and FORTRAN,. PL/I stores
arrays of more than one dimension in row-

major-ordE~r, while FORTRAN stores them in
column-ma:ior-order. Hence, for arrays with
more than one dimension, a reference to an
element in PL/I is obtained by reversing
the order of the subscripts that would be
used in FORTRAN to refer to the same
element.

The int~erlanguage facilities resolve
these problems by creating dummy arguments
for PL/I data aggregates passed as
arguments to COBOL or FORTRAN routines.
When a PL/I structure is passed as an
argument t:o a COBOL routine, the mapping of
the argumEmt in both languages is
considered.
If the compiler can determine
that the mappings are identical, the
argument is passed directly to the COBOL
routine.

Invocation
Invocation of a COBOL or FORTRAN routine is
performed by a CALL statenent or (in the
case of a FORTRAN routine only) function
reference that specifies an entry constant
or variable whose value corresponds to the
entry point of a COBOL or FORTRAN routine.
The entry point must not be that of a
FORTRAN main program. The entry constant
or variable must be identified as invoking
COBOL or FORTRAN by use of the appropriate
options in the OPTIONS attribute in the
declaration of the entry in the PL/I
program. The programmer may also specify,
in this declaration, options which suppress
re-mapping of data aggregates and an option
which allows PL/I to deal with certain
interrupts in the COBOL or FORTRAN routine.
The options are:

However, if the compiler cannot
determine that the mappings are identical,
a dummy argument is created, mapped
according to the COBOL mapping algorithm.
The values of the members of the PL/I
structure are assigned to the corresponding
members in the dummy argument; the dummy is
then passed as an ~rgument to the COBOL
routine.
On return to the PL/I procedure,
the val ues in the dummy argument (which may
or may not have been changed) are aSsigned
to the corresponding members of the
original PL/I argument.
Similarly, when a PL/I array is passed
as an argument to a FORTRAN routine, the
mapping a f the array in both languages is
considered.
If the arrays are
unidimensional, and are in connected
storage and are aligned identically, the
argument is passed directly to the invoked
FORTRAN routine. If either the arrays are
unidimensional and do not meet the above
conditions, or are multidimensional, a
dummy argument is created, mapped according
to FORTRAN array handling.
(In effect,
this means the subscripts are reversed).
The val ues of the PL/I array elements are
assigned ·to the corresponding elements in
the dummy argument.
The dummy is then
passed as an argument to the FORTRAN
routine. On return to the PL/I procedure"
the values in the dummy argument (which may
or may not have been changed) are assigned
to the appropriate elements of the PL/I
argument.
The programmer can specify certain
options that inhibit or restrict the effect
of the interlanguage facilities for
remapping data aggregates.
If several are
passed at an invocation, he can, for
example, inhibit the facilities for one
argument, allow them for another argument,
or restrict them for a 'third argument.
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COBOL:

This specifies that the
designated entry point is in a
COBOL routine.

FORTRAN:

This specifies that the
designated entry point is in a
FORTRAN routine.

NOMAP:

This specifies that a dummy
argument is not created; the
aggregate argument is passed
directly to the invoked
routine.

NOMAPIN:

This specifies that, if a dummy
argument is created, it is not
initialized with the values of
the aggregate argument.

NOMAPOUT:

This specifies that, if a dummy
argument is created, then, on
return" the values in the dummy
argument are not assigned to
the aggregate argument.

INTER:

This specifies that any
interrupts occurring during the
execution of a COBOL or FORTRAN
routine that are not dealt with
by the COBOL or FORTRAN
interrupt-handling facilities
are dealt with by the PL/I
interrupt-handling facilities
(see also "Interrupt Handling"
later in this chapter).
The NOMAPIN and NOMAPOUT options
should be used if initialization
is not required whenever program
efficiency is important, because
they allow the compiler to omit
unnecessary initialization code.

ARGn:

This is an option of NOMAP"
NOMAPIN, and NOMAPOUT which
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specifies which arguments the
option applies to.
If no ARGn
is specified, the option is
applied to all arguments.

5.

CALL X(A);

The following points should be noted in
the declaration of the entry name:

X:PROCCB);
DCL B OPTIONS(COBOL);
6.

1.

2.

3.

Either COBOL or FORTRAN (but not both)
can appear in the declaration. One or
more of the options NOMAP" NOMAPIN and
NOMAPOUT can appear in the same
declaration.
The RETURNS attribute cannot be used
with the COBOL option, as COBOL
subprograms do not return values.
An entry variable or a parameter can
be declared with' the interlanguage
options.

4.

An entry name with the interlanguage
options can appear in a GENERIC
attribute specification.

5.

The entry constant name of the COBOL
or FORTRAN routine may have one
through eight characters.
If more
than eight characters are specified,
the leftmost eight only are taken.

Exampl,es:
1.

DCL COBOL ENTRY (CHAR(5»
OPTIONS(COBOL INTER),
COBOLB ENTRY (1, 2 FIXED, 2 FLOAT)
OPTIONS(COBOL NOMAPIN),
COBOLBXX OPTIONS(COBOL) EXTERNAL
ENTRY ( ••• );

2.

DCL FORTA ENTRY(FIXED BINARY)
OPTIONS (FORTRAN) RETURNS
( FLOAT ( 5) ) ;

3.

DCL A EXTERNAL ENTRY( ••• )
OPTIONS (FORTRAN),

VARIABLE

B OPTIONS{FORTRAN) ;

A=B;
CALL A ( ••• ) ;
4.

DCL A GENERIC (COBOLZ
WHEN (CHARACTER) ,
FORTZ WHEN{FIXED BINARY»,

DCL A ENTRY;

DCL COBSUB ENTRY ( ••• , ••• , ••• , )
OPTIONS(COBOL,NOMAPCARG1,ARG3»;

CALL COBSUB(A,B,C);

CALL COBSUB{X,Y,Z);

Passing Arguments 'to a PL/I Procedure
When an argument is passed to a PL/I
procedure from COBOL or FORTRAN, the data
type is determined in the normal PL/I
manner, that is from the declaration of the
parameter. The interlanguage facilities
ensure that the addressing mechanism used
for the parameter is that used by PLII" and
that, unless otherwise required, the
mapping of any aggregate parameters passed
is also that used by PL/I.
Note that since
the interlanguage facilities provided by
PL/I cannot look a't the argurr,ent in the
routine invoking P:L/I, it is the
programmer's responsibility to ensure that
the argument passed to PL/I corresponds in
data type and organization to the parameter
declared in PLiI.
Data mapping: The situation is similar to
that which occurs on invocation of COBOL or
FORTRAN by PL/I. The mapping of the
argument on entry ,to the PL/ I procedure
must correspond to the mapping used by PL/I
in addressing the parameter.
For element arguments and parameters,
this means that a SYNCHRONIZED or
unsynchronized COBOL argument may be passed
to an UNALIGNED PL/I parameter, or that a
SYNCHROijIZED COBOL argument or a FORTRAN
argument can be passed to an ALIGNED PL/I
parameter.
For aggregate arguments and parameters
where the mapping of the argument in COBOL
or FORTRAN differs from the mapping of the
parameter in PL/I, the interlangu~ge
facilities resolve the problem by creating
a dummy argument which is passed to the
PL/I procedure.

COBOLZ OPTIONS{COBOL),
FORTZ OPTIONS{FORTRAN);
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The dummy argument is mapped according
to PL/I rules, and, before invocation of

the PL/I procedure, the values of the
members of the COBOL or FORTRAN argument
are assigned to the corresponding members
of the dummy argument.
On return from the
PL/I procE~dure" the values of the members
of the dummy argument are assigned back to
the original argument.
If the compiler can recognize that the
mapping in COBOL or FORTRAN and PL/I are
equivalent., no such d~my is created.
Alternatively, the programmer can inhibit
the creation of the d urnrny" or the
assignrnent:s between the original argument
and the crea ted dummy, by means of opti ons.

when coding the PROCEDURE or ENTRY
statement:
1.

Only one of the options MAIN, COBOL,
or FORTRAN can appear in the same
statement.
One or more of the options
NOMAP, NOMAPIN, or NOMA POUT can appear
in the same statement.

2.

If the parameters for the procedure
include strings, areas or arrays, the
lengths, sizes or bounds for these
must be specified as decimal integer
constants.

3.

The RETURNS option cannot be specified
for any entry point invoked by a COBOL
routine.

Invocatior~

Examples:
The entry pOints in a PL/I procedure that
are to be invoked from COBOL or FORTRAN
must be identified by the appropr iate
options in the corresponding PROCEDURE or
ENTRY statement. The programmer may also
specify options that suppress re-mapping of
data aggregates.
COBOL:

This specifies that the entry
point can only be invoked by a
COBOL routin e.

FORTRAN:

This specifies that the entry
pOint can only be invoked by a
FORTRAN routine.

NOMAP:

This specifies that a dummy
argument is not created~ the
COBOL or FORTRAN aggregate
argument is passed directly to
PL/I.

NOMAPIN:

This specifies that, if a dummy
argument is created, i t is not
initialized with the values of
the aggregate argument.

NOMAPOUT:

This specifies that, if a dummy
argument is created its values
are not assigned back to the
aggregate argument on return.
The NOMAPIN and NOMAPOUT
options should be used, if
initializations not required,
whenever program efficiency is
important, since they allow the
compiler to omit unnecessary
initialization code.

Parameter
list:

The parameter or parameters
to which the NOMAP, NOMAPIN, or
NOMAPOUT options apply can be
specified in a list~
If no
list is specified, the option
is applied to all parameters.

The following points should be noted
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1.

Pi: PROC (A" B, C) OPTIONS (FORTRAN
NOMAPIN(C) NOMAPOUT(A»;
DCL A(3,4) FLOAT BIN(20),
B·FIXED BIN(31),
C(S,6) FLOAT DEC(6);

2.

P2:PROC(R,S,T) OPTIONS (FORTRAN
NOMAP) ;

3.

P3:PROC(X,Y) OPTIONS(COBOL NOMAPIN(X)
NOMAPOUT(Y»;
DCL 1 X, 2 ••• 2 ••• 3 ••• ,
1 Y, 2 ••• 2 ••• 3 ••• ;

Using Common

St~!~g~

A variable in a PL/I program can be
allocated the same block of storage as a
group of variables in a FORTRAN routine.
This storage can then be used to
communicate between the two routines.
Allocation of common storage is achieved by
declaring a PL/I variable to be STATIC
EXTERNAL and to have the same name as a
COMMON block in the FORTRAN routine. The
STATIC EXTERNAL variable and the COMMON
block will then be equivalent to two
declarations of a STATIC EXTERNAL variable
in different external PL/I procedures,. The
number of variables using corrmon storage is
not limited to two:
any number of
identical STATIC EXTERNAL variables in
different PL/I procedures may be used
together with any number of identical
COMMON blocks in different FORTRAN
routines, if all the procedures and
routines are link-edited into a single
program.
Methods of link-editing are given
in the compilers" programmers' guides.
The STATIC EXTERNAL variables must
follow the normal PL/I rules relating to
these attributes, and they must be of a
data type that corresponds to the data type
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of the COMMON variables (see "FORTRAN
Interface" later in thi's chapter for a
table of corresponding data types). Also,
the PL/I variables must be aligned to meet
the requirements of the corresponding
FORTRAN data type.
ThE~ PL/I variables may be initialized
using the INITIAL .attribute, and the
FORTRAN variables may be initialized using
a block data subprogram. If the PL/I
var iables on the one hand and the FORTRAN
variables on the other are not initialized
to the same value, the procedure or routine
that is encountered first by the linkageeditor determines the initial value of all
the variables.
It is not an error to
initialize a PL/I variable to a different
value from a corresponding FORTRAN
variable, or to initialize one and not the
other ..

The PL/I variable may have further
variables overlayed upon it by means of the
DEFINED attribute, provided that the
definE~d variable meets the data type and
alignment requirements of the FORTRAN
variable. If the requirements are not met,
execution errors may occur.
Common storage cannot be used for a PL/I
and a COBOL variable; the only facility
provided by PL/I for communication between
a PL/I procedure and a COBOL routine is
that for passing arguments.

INTERI.ANG UAGE ENVIRONMENT
For a PL/I procedure to be executed, a PL/I
environment must first be established.
If
the program contains a PL/I main procedure,
this environment is established when the
progra.m is first entered.
If the main
routine is COBOL or FORTRAN, the
interlanguage facilities will establish the
required PL/I environment when necessary.
This section describes the conventions and
restrictions in the interlanguage context.

Establishing the PL/I Environment
If the main routine of the program is a
PL/I main procedure., the PLII environment
is established on entry to the program.
Even if this program contains a mixture -of
PL/I and COBOL or FORTRAN routines, the
normal rules for freeing PL/I storage and
closing PLII files apply.
If the main routine of the program is
not a PL/I main procedure, the PL/I
environment is established when the first
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PL/I procedure is invoked. The extent of
this environment includes the routine that
invoked the PL/I procedure (see figure
19.1), and the environment remains in
existence until that routine is terminated.
The envi ronment can be reestabl ished and
terminated as frequently as required.
Whenever the PL/I environment is destroyed,
all PL/I controlled and based storage is
released, and all PL/I files are closed.
For reasons of efficiency and of
programming convenience, the PL/I
environment should be destroyed as
infrequently as possible during execution
of a program. This can be ensured if the
main routine is a PL/! main procedure, or
if a PL/I procedure, no matter what it
contains, is invoked from the main routine.
The latter alternative, however" has the
disadvantage that if the main routine is in
FORTRAN, the PL/I environment will not be
ended normally when the final FORTRAN
RETURN is executed to return control to the
operating system (see "Terminati.on of
FORTRAN and COBOL Routines" later in this
Chapter) •

Interrupt Handling
COBOL and FORTRAN routines handle certain
of the hardware interrupts that may occur
during their execution, but there are some
that th ey do not hand! e. The interlanguage
communication facilities of PL/I allow any
interrupt not dealt with by a COBOL or
FORTRAN routine to be handled by any PL/I
procedure from which that routine is
dynamically descendent.
The programmer specifies the INTER
option of the OPTIONS attribute when
declaring the COBOL or FORTRAN entry name.
(See also the INTER option under "Passing
Arguments to COBOL or FORTRAN Routine"
earlier in this chapter.) This allows the
interrupts not dealt with by the invoked
COBOL or FORTRAN routine to be handled by
either a PL/I on-unit or by PL/I standard
system action.
(Except that PL/I cannot
handle a ZERODIVIDE interrupt in a division
of COMPUTATIONAL-3 data in a routine
compiled by a COBOL compiler other than the
COBOL E compiler.
Such an interrupt will
cause termination of the program.) In PL/I,
an on-unit, while established, applies not
only to the procedure in which it was
created, but also to all procedures that
are dynamically descendent from it. If
there occurs, during the execution of a
COBOL or FORTRAN routine" an interrupt that
will not be handled by that routine, and if
the routine was invoked by a PL/I procedure
in which the INTER option was specified for
the COBOL or FORTRAN entry name, then a
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Figure 19.1.

Extent of PL/I environment

search is made through all invoking
procedures for an appropriate on-unit. If
none is found, standard system action is
taken. If INTER is not specified, no
search is made, and the interrupt is dealt
with by the operating system control
~rogram.

Note that the search passes through all
routines in the invoking chain, as far as
the limit of the PL/I environment. It is
therefore possible for the search to
include COBOL and FORTRAN routines. such
routines have no effect on the results of
the search, since only PL/I on-units are
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searched for, unless one of them is a COBOL
routine that has been compiled by a
compiler that does not implement Americam
National Standard COBOL or that was made
available prior to Release 19 of System/360
Operating System. In these cases, the
result of the search and the effects of the
interrupt are undefined, and may incl ude
abnormal termination of the program.
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GO TO S ta tement
The GO TO statement must not be used to
transfer control across more than one
interlanguage boundary, where an
interlanguage boundary is defined as an
invocation in which one routine calls
another of a different language.
Such
transfers of control may be initiated
inadvE~rtently if the programmer uses a GO
TO statement in an on-unit.
(Note that
entry to an on-unit is not considered as
transferring control outside the block or
routine in which the statement that caused
the on-unit to be entered was executed; the
on-unit may be regarded as being appended
to thE~ procedure or routine from which i t
is entered.
This applies even if the onunit is entered from a COBOL or FORTRAN
routine) • Consider the followi ng example:
P:PROCEDURE;
DECLARE LAB LABEL(L1,L2) EXTERNAL,
FORT ENTRY OPTIONSCFORTRAN INTER);
ON ERROR GO TO LAB;
CALL FORT;
Ll: . . . . . . . :

END P;
Q: PROCEDURE OPTIONS (FORTRAN) ;

DECLARE LAB LABEL(L1,L2)
EXTERNAL;

case because procedure Q is not active).

Termination of FOETRAN and COBOL
Routi~

A routine may be terminated by either
executing a statement that terminates the
whole program, or by handing control back
to the calling routine.
The statements that terminate the whole
program are STOP in FORTRAN and STOP RUN in
COBOL. They are equivalent to the PL/I
STOP statement. ']~he effects of these
statements are unchanged in a nixed
language program; they still terminate the
whole program.
If a FORTRAN STOP is executed in a
routine that is within a PL/I environment,
that environment is not ended in the normal
way.
If a COBOL STOP RUN is executed in a
routine that is within a PL/I environment,
that environment is ended in the normal way
only if it includes the main routine of the
program; otherwise the termination will be
abnormal.
The rrain dif£erence, from the
programmer's point of view, between a
normal and an abnormal ending is that in
the abnormal ending, open files in PL/I
procedures are not closed. This could
cause output data to be lost. Considering
the example in figure 19.1, a STOP in PROC2
or a STOP RUN in PROC4 would not close any
files that may be open in PROC3, and a STOP
in PROC6 wouln not close any files in
PROC7.

L2: ••••••• ;
END Q;
A.SSumE~ that the CALL FORT; statement is
executed, and that FORT then calls Q.
Assume further that an error occurs in Q
which initiates entry to the on-unit
established in P.
At this stage control is
still with procedure Q beca UBe the on-unit
is regarded as being appended to the
procedure from which i t was entered.
If
LAB has the value L1, then the GO TO branch
is in error because i t transfers control
back t.o procedure P and in doing so crosses
the interlanguage boundaries between Q and
FORT and between FORT and P.
If LAB has
the va.lue L2, the GO TO is not in error
because control remains in procedure Q.
If
an interrupt in FORT caused the on-unit to
be ent~ered before Q was called, then the GO
ro would not have been in error. if LAB had
the value L1:
only one interlanguage
boundary would be crossed, namely the
FORTRAN-PL/I boundary between FORT and P.
(LAB should not have the value L2 in this
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A RETURN executed in a FORTRAN
subroutine or function that is inside a
PL/I environment and which returns control
to a routine outside that environment (in
other words, a RETURN statement in a
FORTRAN routine that directly invokes a
PL/I routine but which is not dynamically
descendent from any PL/I routine), ends the
PL/I environment and caUSes all files in
dynamically descendent PL/I procedures to
be closed.
However, a RETURN statement in
a FORTRAN rna·in routine is effectively a
STOP statement; control is passed to the
operating system without any files being
closed.
When a COBOL main routine that is within
a PL/I environment passes control back to
the operating system, the environment is
ended normally.

Multitasking
A PL/I procedure cannot invoke a COBOL or a

FORTRAN routine as a task, that is, the
CALL statement must not specify the TASK,
EVENT, or PRIORITY options.

attribute, the first two bytes of the
argument form the parameter's length
prefix.

Only one task of a PL/I program can have
active COBOL or FORTRAN routines at anyone
time. If a PL/I program has more than one
task acti",e at the same time, then, if one
of these 1:.asks has invoked a COBOL or a
FORTRAN routine, the programmer must ensure
that the other tasks wait until control has
returned to the PL/I program before another
non-PL/I routine is invoked.

FORTRAN INTERFACE

COBOL INT1!:RFACE
Argument/parameter matChing across a PL/ICOBOL interface requires a knowledge of the
equivalence of data types and of data
organization in the two languages. The
PL/I equivalents of the COBOL data types
are shown in figure 19.2. These are the
PL/I data types that should appear in PL/I
parameter descriptors associated with COBOL
arguments or parameters respectively.
While a knowledge of the equivalent data
types is sufficient for specifying COBOL
i terns in -terms of PL/I element vari ables,
the specification of equivalent data
aggregates (group items in COBOL,
structures or arrays in PL/I) requires a
knowledge of the data-organization
descriptions of the two languages. The
example given in figure 19.3 shows how a
COBOL data aggregate is described in PL/I
terms.
In COBOL, the OCCURS clause cannot
appear more than three times in anyone
group-item description. This imposes a
restriction on any PL/I array within a
structure passed as an argument to a COBOL
routine. Also, the OCCURS clause cannot
appear on a level-01 ent~. This precludes
the use of a level-01 array in a PL/I
structure passed to or from a COBOL
routine.
A PL/I structure that contains an area
or a bit-string variable should not be
passed as an argument to a COBOL routine.
If it is, a diagnostic message is produced
and the structure is not automatically
remapped.
A bit or character string with the
VARYING attribute may be passed to a COBOL
routine, although there is no equivalent
attribute in COBOL. The address of the
start of the two-byte length prefix is
passed, so that the prefix consitutes the
first two bytes of the COBOL string.
Convers ely, when COBOL data is passed to a
PL/I string parameter with the VARYING
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Argument/parameter matching across a
PL/I-FORTRAN interface, and the use of
common storage for PL/I and FORTRAN
variables, require a knowledge of the
equivalence of data types and of data
organizations in the two languages. The
PL/I equi va lents of the FORTRAN data types
are shown in figure 19.4. These are the
PL/I data types that should appear in PLII
parameters or parameter descriptors
associated with FORTRAN arguments or
parameters respectively, and in the
declaration of STATIC EXTERNAL variables
with the same names as FORTRAN COMMON
blocks.
The specification of equivalent data
aggregates in PL/I and FORTRAN is simpler
than in PLII and COBOL, as the only data
aggregates that exist in FORTRAN are
arrays. The problems arise when using nonconnected unidimensional arrays or
multidimensional arrays as PL/I arguments.
Generally, when passing arguments
between PL/I and FORTRAN, the interlanguage
facilities pass a unidimensional array
directly to the invoked routine" without
the creation of a dummy argurrent. However,
if a PL/I unidimensional array in nonconnected storage is passed as an argument
to a FORTRAN routine, the interlanguage
facili ties create a dummy argument into
which the unconnected array is mapped. The
dummy is then passed as the
argument. On return" the values in the
dummy are assigned to the corresponding
elements in the array.
A dummy argument is always created for a
multidimensional array passed between PL/I
and FORTRAN routines, unless the NOMAP
option specified.
If a PL/I array of bit strings is passed
as an argument to a FORTRAN routine, only 8
or 32 should be specified for the string
lengths. If values other than these are
specified, a diagnostic message is produced
and the array is not automatically
remapped. Similarly, only these lengths
should be used for PL/I variables having
storage common with FORTRAN variables.
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ICOMPU'rATIONAL-21
1
1

1

,

Byte

I

Un-

1

1

2

1

1aligned

,

Byte

FLOAT DEC (6)
(short float)

4

Byte

IFLOAT DEC(16)
1 (long float)

8

Byte
Byte

1

'FIXED DEC

12

I

I CHARACTER

any

1Fullword
Byte
1
1
1Doubleword1 Byte
1
1

I

1Byte

1

1 Byte

' I
,Byte

1 Byte

1-----·_--------------------------------------------------------------------------------1
length is equal to the number of 9s in the picture.
~Decimal

1
1 2The length of 1 byte applies to the smallest fixed decimal value (i.e., 1 digit).
1 For other values, the length is given by CEIL «number of digits + 1)/2) bytes.
L----------------------------------------------~------

Figure 19.2.

__________________________________

J

COBOL-PL/I data eqUivalents

r---------------------------------------------------------------------------------------,
01 A SYNCHRONIZED.
1 A ALIGNED,
1

I

1

I

02

1

I

1

I

1
1
1
1

02
02

B OCCURS 3 TIMES.
03 C OCCURS 4 TIMES.
04 D OCCURS 5 TIMES USAGE COMP-3
PIC S 9999V999 •
E USAGE DISPLAY.
03 F PIC X (8) •
03 G PIC 9(8).
DUMMY OCCURS 6 TIMES.
03 H OCCURS 7 TIMES USAGE COMP
PI C S 9999.

2

2
2

B (3) ,
3 C(4).,
4 D(5) FIXED DECIMAL(7,3)"
E,
3 F CHAR (8),
3 G PIC' (8)9'"
H(6,7) FIXED BINARY (15,0);

1
1
1
1
1
1
1

I
I

1

L-----.. ---------------------------------------------------------------------------------J

Figure 19.3.

Declaration of a data aggregate in COBOL and PL/I

Return Codes
Diagnostic messages are provided at compile
time as an aid to debugging the program.
The messages are classified according to
the type of the information they provide.
A numeric value, the return code:, is
associated with each class of message, as a
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guide to the severity of the error or
possible error that has been diagnosed.
The highest return code generated during
compilation constitutes the return code of
that compilation, and its value is printed
on the compi'le-time listing. Diagnostic
messages and return codes are described in
the programmer's guides for the compilers.
The classes of message and corresponding

r--------------------------~------------------------------------------------------------,

,

FORTRAN,

PL/I

------------------------------------------~-------~----------~----~-------~------------

Data Type
IN'I'EGER* 2
INTEGER*4

2
4

REAL*4

4

REAL*8

8

REAL*16
COMPLEX * 8

I

,
' I
I Length I Alignment1.I
I (bytes) I
I

16
8

COMPLEX* 16

16

COMPLEX*32

32

Data Type

IHalfword

IREAL FIXED BINARY (15,0)

I

I

I

I

I

I

IFullword

IFullword
I

IREAL FIXED BINARY(31,0)

IREAL FLOAT DEC(6)
I (real short float)

IDoubleword REAL FLOAT DEC(16)
I
(real long float)

I

IDoubleword REAL FLOAT DEC(33)
I
(real extended float)

I

I
Alignment
Length
(bytes) I Aligned
I Unaligned

1-----------------------

2

Halfword

Byte

4

Fullword

Byte

4

Fullword

Byte

8

Doubleword

Byte

16

Doubleword

Byte

Fullword

Byte

COMPLEX FLOAT DEC(6)
(complex short float)

8

IDoubleword COMPLEX FLOAT DEC(16)

16

Doubleword

Byte

32

Doubleword

Byte

I Fullword

I
I

1
(complex long float)
I
1Doubl eword I COMPLEX FLOAT DEC(3)
I
I

1 (complex extended
1 float)

LOG I CAL * 1

1

I
I Byte
I

I
I BIT( 8)
,

1

Byte

Bit2

LOGICAL*4

4

I Fullword

IBIT(32)

4

Byte

Byte

--------.----------------------~-----------------------------------~--------------------

1.Generally FORTRAN data is held in main storage with these alignments.
COMMON data,
however, is always byte-aligned. This could cause a specification interrupt if the
items in the COMMON area are not stored in order of decreasing stringency.

2The fact that the alignment required of unaligned bit strings is bit rather than byte
does not affect PL/I-FORTRAN data interchange, since the FORTRAN string will always
take up an integral number of bytes.
L--------~--------~-----------

Figure 19.4.

______________________

~_------~-------~

_________________ __
~

FORTRAN-PL/I data equivalents
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r---------------------------------------------------------------------------------------,
I
COBOL
I
FORTRAN
PL/I
Attribute

1----·----------------------------------------------------------------I Argument

I Parameter

I Argument

I Parameter

ALIGNED

0000

0000

0000

0000

AREA

Note 1

Note 1

Note 1

Note 1

BINARY

0000

0,000

0000

0000

I Note 1

I Note 1

Note 2

Note 2

BIT

------------------------------------~-----------------------------~-------~------------

CHARACTER

I 0000

0000

I 0004

0004

--------------------------------------~--------------- ---------------------------------

COMPLEX

I 0004

0004

I Note

4

Note 4

------------------------~-----------------------------------------~---~----------------

CONNECTED

0000

I 0000

0000

0000

CONTROLLED

0000

1 0012

0000

0012

------------------~-----------------------------------------------~--------------------

DECIMAL

I 0000

I 0000

Note 3

Note 3

------------------------------------~-~--------------------~---------------------------

DEFINED

Dimension

I 0000

Note 8

0000

I Note 8

0000

I 0000

--------------------------------------~------~----~-~------------~~-----~--------------

ENTRY

I 0004

0004

0004

I 0004

------------------------------------------------------ ------------~---.-----------------

EVENT

I 0004

0004

0004

0004

--------------------------------------~---------~--------~---------.-------------------

0004

FILE

0004

I 0004

0004

------------------~------~-------------------------------------,-~----------------------

FIXED

0000

0000

1 0000

0000

FLOAT

0000

0000

I 0000

0000

------------------~----------------------------------- ---------,------------------------

LABEL

I 0004

0004

I 0004

0004

----------------------------------------------~--~---- ---------'.-----------------------

Non-connected

OFFS.ET

I Note 5
0004

0000

I 0004

I Note 5

0000

0004

0004

--------------------------------------~--------------~--------~-----~------------------

PICTURE

0000

I 0000

I 0004

0004

--------------~-----------------------------------------------~.-----------~------------

POINTER

0004

Precision

Note 6

REAL

0004

I Note 6

I 0000

0000

I 0004

0004

Note 7

Note 7

0000

0000

------------------------------------------------~--------------------~-----~-----------

Structure

I 0000

0000

Note 1

I Note 1

---------------------~--------------~-----~---------------------~----------------------

TASK

0004

0004

0004

UNALIGNED

Note 9

0000

Note 9

I 0004
0000

VARYING
I 0004
I 0004
I -__________________________________
0004
I 0004
L-----·-------------------------------________________

Figure 19.5 (Part 1 of 2).
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r---------------------------------------------------------------------------------------,
Notes
I
1.

Checkout compiler: 0004
Optimizing compiler: OOOS
In both cases, creation of a dummy
argument is suppressed

6.

Variable is
long FLOAT:
Variable is
q~=O, or is

2.

BIT(S) or BIT(32): 0000
Any other length: OOOS
In latter case, creation of a dummy
argument is suppressed.

7.

Variable is FLOAT, or is FIXED BINARY
with precision (p,O): 0000
Variable is FIXED DECIMAL, or is
BINARYCp,q) with q~=O: 0004

3.

FLOAT DECIMAL: 0000
FIXED DECIMAL: 0004

S.

If item is element of a structure or
is a minor structure: 0000
All other cases: OOOS

4.

FLOAT COMPLEX: 0000
FIXED COMPLEX: OOOS

9.

If argument is an aggregate and
creation of temporary is suppressed
by NOMAP, or if argument is
scalar: 0012
If argument is an aggregate and no
NCMAP: 0000

5.

If creation of temporary suppressed by
NOM,AP option: 0012
If no NOMAP option: 0000

FIXED(p,O), or is short or
0000
BINARY FIXED (p,q) with
extended FLOAT: 0004

L-----------------------------------------------------__________________________________
Figure 19.5 (Part 2 of 2).

Return codes produced by PL/I data types

return codes are as follows.
Inf ormatory
Warning
Error
Severe error

return
return
return
return

code
code
code
code

0000
0004
OOOS
0012

If no messages are produced, a code of 0000
is returned.
A return code of 0000 indicates that the
compiler found no possible sources of
error. A code of 0004 indicates that
execution will probably be successful. A
code of OOOS indicates that an error has
been found but that execution nevertheless
might be successful. A code of 0012
indicates that execution will probably not
be successful.

Chapter 19:

As part of the interlanguage facilities
of PL/I, diagnostic messages are produced,
and the return code set appropriately, if
the programmer specifies arguments or
parameters whose attributes are such that
errors may occur at execution time. The
compiler will never prevent data being
passed, nor will it attempt to correct
errors; although it produces messages to
indicate likely sources of error to the
programmer, it will always allow him to
attempt to pass any type of data he
specifies,.

Figure 19.5 shows the return codes
generated by various types of PL/I data.

Interlanguage Communication Facilities
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Part II: Rules and Syntactic Descriptions

Part II:

Rules and syntactic Descriptions
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Section A: Syntax Notation

Throughout this publi cation, wherever a
PL/I statement -- or some other combination
of elements -- is discussed o the manner of
writing that statement or phrase is
illustrated with a uniform system of
notation.

literal occurrence of the characters
represented. A notation constant
consists either of all capital letters
or of a special character. For
example:

This notation is not a part of PL/I; it
is a standardized notation that may be used
to describe the syntax -- or construction
of any programming language.
It
provides a brief but precise explanation of
the general patterns that the language'
permits. It does not describe the meaning
of the language elements, merely their
structure; that is, i t indicates the order
in which the elements may (or must) appear,
the punctuation that is required, and the
options that are allowed.

DECLARE identifier FIXED;
This denotes the literal occurrence of
the word DECLARE followed by the
notation variable "identifier," which
is defined elsewhere, followed by the
literal occurrence of the word FIXED
followed by the literal occurrence of
the semico Ion (;).
3.

The following rules explain the use of
this notation for any programming language;
only the examples apply specifically to
PL/I:
1.

A notation variable is the name of a
general class of elements in the
programming language. A notation
variable must consist of:
a.

Lower-case letters, decimal
digits, and hyphens and must begin
with a letter.

b.

Either all lower-case letters or a
combination of lower-case and
upper-case letters. In the latter
case., there must be one portion in
all lower-case letters and one
portion in all upper-case letters,
and the two portions must be
separated by a hyphen.

4.

digit. This denotes the
occurrence of a digit, which may
be 0 through 9 inclusive.

b.

file-expression.
This denotes the
occurrence of a reference to a
file.

2.

DO-statement. This denotes the
occurrence of a DO statement. The
upper-case letters are used to
indicate a language keyword.

A notation constant denotes the

A single notation variable or
notation constant.

b.

Any collection of notation
variables, notation constants,
syntax-language symbols" and
keywords surrounded by braces or
brackets.

Braces {} are used to denote grouping
of more than one element into a
syntact ic unit.

identifier

~'FIXED}
tFLOAT

The vertical stacking of syntactic
units indicates that a choice is to be
made. The above example indicates
that the variable "identifier" must be
followed by the literal occurrence of
either the word FIXED or the word
FLOAT.
5.

c.

a.

Example:

All such variables used are defined in
the manual either syntacticallY/' using
this notation, or are defined
sema.ntically. For example:
a.

The term "syntactic unit .• " which is
used in subsequent rules. is defined
as one of the following:

The vertical stroke I indicates that a
choice is to be made.•
Example:
identifier {FIXEDIFLOAT}
This has exactly the same meaning as
the above example. Both methods are
used in this manual to display
alternatives.

Section A:

Syntax Notation
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6.

Square brackets [ ] denote options.
Anything enclosed in brackets may
appear once or may not appear at all.
Brackets can serve the additional
purpose of delimiting a syntactic
unit.
For example:
(([lower-bound:] upper-bound}I.>
This denotes the occurrence of either
a literal asterisk or the variable
"upper-bound," but not both. If
"upper-bound" appears, it can
optionally be preceded by the
syntactic unit composed of the
variable" lower-bound" and the literal
colon.

1.

Three dots ••• denote the occurrence
of the immediately preceding syntactic
unit one or more times in succession.
For example:
[digit] •••
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The variable "digit" mayor may not
occur since it is surrounded by
brackets.
If it does occur, it may be
repeated one or more times.

8.

Underlining is used to denote an
element in the language being
described when there is conf Ii ct
between this element and one in the
syntax language.
For example:
operand (&Ii} operand
This denotes that the two occurrences
of the variable "operand" are
separated by ei ther an "and" (&> or an
"or" (I>. The operator I is
underlined to indicate that it is an
"or" symbol in the PL/I language
rather than an "or" symbol in the
syntax language.

Section B: Character Sets with EBCDIC and Card-punch Codes
60-CHARACTER SET
Character
blank

<
(

+

I

&

$

*

/

,

~

>
?
#
;)

=
A
B
C
0
E
F
G

H
I
J
K

L
M

N
0
p
Q

R

S
T
U
V

W
X

y
Z

0
1
2
3
4
5

6
7
8
9

Composite
symbols

Card-punch
no punches
12-8-3
12-8-4 (12-8-6)
12-8-5 (0-8-4)
12-8-6 (12)
12-8-7 (NA)
12 (NA)
11-8-3
11-8-4
11-8-5 (12-8-4 )
11-8-6
11-8-7 (NA)
11
0-1
0-8-3
0-8-4 (NA)
0-8-5 (NA)
0-8-6 (8- 6)
0-8-7 (12-0)
8-2 (8-5)
8-3 (NA)
8- 4 (NA)
8-5 (8-4 )
8-6 (8-3)
12-1
12-2
12-3
12-4
12-5
12-6
12-7
12-8
12-9
11-1
11-2
11-3
11-4
11-5
11-6
11-7
11-8
11-9
0-2
0-3
0-4
0-5
0-6
0-7
0-8
0-9
0
1
2
3

4
5

6
7
8

9

8-Bit EBCDIC
Code
0100 0000
0100 1011
0100 1100
0100 1101
0100 1110
0100 1111
0101 0000
0101 1011
0101 1100
0101 1101
0101 1110
0101 1111
0110 0000
0110 0001
0110 1011
0110 1100
0110 1101
0110 1110
0110 1111
0111 1010
0111 1011
0111 1100
0111 1101
0111 1110
1100 0001
1100 0010
1100 0011
1100 0100
1100 0101
1100 0110
1100 0111
1100 1000
1100 1001
1101 0001
1101 0010
1101 0011
1101 0100
1101 0101
1101 0110
1101 0111
1101 1000
1101 1001
1110 0010
1110 0011
1110 0100
1110 0101
1110 0110
1110 0111
1110 1000
1110 1001
1111 0000
1111 0001
1111 0010
1111 0011
1111 0100
1111 0101
1111 0110
1111 0111
1111 1000
1111 1001

Section-B:

<=

"

**
..,<
..,>
>=
/*

*/

->

Card-PUnch
12-8-4, 8-6 (12-8-6, 8-3)
12-8-7, 12-8-7 (NA)
11-8-4, 11-8- 4
11-8-7, 12-8-4 (NA)
11- 8-7. 0- 8-6 (NA)
11-8-7, 8-6 (NA)
0-8-6, 8-6 (8-6, 8-3)
0-1, 11-8-4
11-8-4, 0-1
11, 0-8-6 (11, 8-6)

The card-punch codes given in brackets
are BCDIC codes that differ from the
corresponding EBCDIC codes.
NA indicates that the symbol has no
representation in BCDlC.
BCDlC codes can
be used in the PL/I source program provided
Ithat the CHARSET(BCD) compiler option is
specified. No BCDIC 8-bit codes are given
here since, when the CHARSET(BCD) option is
specified, all BCDIC codes in the source
program are converted by the compiler into
EBCDIC.
Although the full PL/I 60-character set
is not available in BCDIC, all the 48charact-er set (see next page) is available
I so if CHARSET (48" BCD) is specified, all
PL/I operations can be performed.

Character Sets With EBCDIC and card-punch Codes
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48-CHARACTER SET
Character
blank
+
$

*
/

,

•
A
B
C
D
E
F
G

H
I
J

K
L
M

N
0

P
Q

R
S
T
U
V
W
X

y

Z

0
1
2
3
4
5

6
7
8
9

Card-Punch
no punches
12-8-3
12-8- 5 (0- 8-4)
12-8-6 (12 )
11-8-3
11-8-4
11-8-5 (12-8-4 )
11
0-1
0-8-3
8-5 (8-4)
8-6 (8-3 )
12-1
12-2
12-3
12-4
12-5
12-6
12-7
12-8
12-9
11-1
11-2
11-3
11-4
11-5
11-6
11-7
11-8
11-9
0-2
0-3
0-4
0-5
0-6
0-7
0-8
0-9
0
1
2
3
4
5
6
7
8
9

8-Bit EBCOIC
Code
0100 0000
0100 1011
0100 1101
0100 1110
0101 1011
0101 1100
0101 1101
0110 0000
0110 0001
0110 1011
0111 1101
0111 1110
1100 0001
1100 0010
1100 0011
1100 0100
1100 0101
1100 0110
1100 0111
1100 1000
1100 1001
1101 0001
1101 0010
1101 0011
1101 0100
1101 0101
1101 0110
1101 0111
1101 1000
1101 1001
1110 0010
1110 0011
1110 0100
1110 0101
1110 0110
1110 0111
1110 1000
1110 1001
1111 0000
1111 0001
1111 0010
1111 0011
1111 0100
1111 0101
1111 0110
1111 0111
1111 1000
1111 1001

The card-punch codes given in brackets
are BCDIC codes that differ from the
corresponding EBCDIC codes.
BCOIC codes
can be used in the PL/I source program
Iprovided that the CHARSET(BCO) compiler
option is specified. No BCOIC 8-bit codes
I are given here since, when the CHARSET (BCD)
loption is specified, all BCOIC codes in the
source program are converted by the
compiler into EBCDIC.
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Com2osite
51mbols
LE
CAT

**

NL
NG
NE
//

.
AND
"

GE
GT
LT
NOT
OR

/*
*/
PT

Card Punch

60-Char Set
Eguivalent

12- 8- 3, 12-8-3
11-3" 12-5
12- 3" 12-1, 0-3
11-8-4, 11-8-4
11- 5, 11-3
11- 5, 12-7
11-5, 12-5
0-1, 0-1
0- 8- 3, 12-8-3
12-1, 11-5, 12-4
12-7, 12-5
12-7, 0-3
11- 3, 0-3
11-5, 11-6, 0-3
11-6., 11-9
0-1., 11- 8-4
11-8-4, 0-1
11-7, 0-3

<=
II

**

-.<
-.>
-.=
%
&

>=
>
<

/*
*/

->

When using the 48-character set, the
following rules must be observed:
1.

The two periods that replace the colon
must be irrroediately preceded by a
blank if the preceding character is a
period.

2.

The two slashes that replace the
percent symbol must be immediately
preceded by a blank if the preceding
character is an asterisk, or
immediately followed by a blank if the
following character is an asterisk ..

3.

The sequence "comma period" represents
a semicolon except when it occurs in a
comment, a character string, or a
picture specification or when it is
immediately followed by a digit.

4.

If CHARSET(48)is specified,
character set symbols may be
intermixed with 48-character
symbols and will be accepted
compiler as valid input.

5.

48-character set "reserved" words
(e .• g,., GT, LE, CAT, etc. lII ) must be
preceded and followed by a blank or a
comment.

60freely
set
by the

A record containing part or all of a
48-character set reserved word must be
3 characters or more in length.

Section C:

Keyword

Keywords and Keyword Abbreviations

Abbreviation

format item
built-in function
built-in function
preprocessor statement
built-in function
option of ENVIRONMENT attribute
built-in function
attribute
option of PUT statement

A[ (w) ]

ABS(x)
ACOS(x)
%ACTIVATE
ADD(x~,x2'X3['X~

%ACT

])

ADDBUFF
AD DR (x)
ALIGNED
ALL [(character-stringexpression)]
ALL (x)
ALLOCATE
ALLOCATION (x)

ALLOC
ALLOCN(x)

ANY (x)

AREA
AREA( (size) ]
ARGn
ASCII
ASIN (x)
ASSEMBLER
ATAN(x1 [,X2])
ATAND (X1 [,X2])
ATANH(x)
ATTENTION
AUTOMATIC

Use of Keyword

ASM

ATTN
AUTO

B[ (w) ]

BACKWARDS
BASED[ (locator-expression)]
BEGIN
BINARY
BIN
BINARY (X1 [, X2 £', X3]] )
BIN(x~(,x2[,x3]])
BIT [ (length) ]
BIT(X 1 [,X2])
BLKSIZE(block-size)
BOOL (X1, X2, X3)
BUFFERED
BUF
BUFFERS(n)
BUFOFF [ (n) ]
BUILTIN
BY
BY NAME
C(real-format-item
[ ,real-format-item])
CALL
CEIL(x)
CHAR (X1 [, X2])
CHARACTER[(length)]
CHECK
CHECK[(name-list)]
CLOSE
COBOL

BYNAME

COLUMN(n)
COMPLETION (x)
COMPLEX

COL( n)
CPLN{x)
CPLX

COMPLEX(x~,x2)

CPLX(X~,X2)

CONDITION
CONDITION (name)
CONJG (x)

COND
COND (name)

CHAR[ (length)]

Section C:

built-in function
statement
built-in function
built-in function
condition
attribute
option of NOMAP, NOMA-PIN, NOMAPOUT options
option of ENVIRONMENT attribute
built-in function
option of OPTIONS attribute
built-in fUnction
built-in function
built-in function
condition
attribute
format item
attribute, option of OPEN statement
attribute
statement
attribute
built-in function
attribute
built-in function
option of ENVIRONMENT attribute
built-in function
attribute
option of ENVIRONMENT attribute
option of ENVIRONMENT attribute
attribute
option of DO statement, option of
repetitive input/output specification
option of assignment statement
format item
statement, option of INITIAL attritute
built-in function
built-in function
attribute
statement
condition, condition prefix
statement
option of ENVIRONMENT attr ibute, or
OPTIONS option/attribute
format item
built-in function, pseudovariable
attribute
built-in function, pseudovariable
attribute
condition
built-in fUnction

Keywords and Keyword Abbreviations
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Keyword

Abbreviation

Use of Keyword

CONNECTED
CONSECUTIVE
%CONTROL
CONTROLLED
CONVERSION
COPY[{file-expression)]
COS (x)
COSD{x)

CONN

attribute
option of ENVIRONMENT attribute
listing control statement
attribute
condition, condition prefix
option of GET statement
built-in function
built-in function
built-in function
built-in function
option of ENVIRONMENT attribute
option of ENVIRONMENT attribute
option of ENVIRONMENT attribute
option of GET cr PUT statement
built-in function
built-in function
option of ENVIRONMENT attribute
preprocessor statement
attribute
built-in function
statement
preprocessor statement
statement
attribute
statement
statement
option of DEFAULT statement
built-in function
attribute
statement
built-in function
statement, repetitive input/output data
specification
preprocessor statement
format item
option of GET or PUT statement
clause of IF statement
clause of ~IF statement
built-in function
statement
preprocessor statement
condition
condition
attribute, statement
attribute, option of CLOSE statement
built-in function
built-in function
condition
attribute, option of CALL, DELETE,
DISPLAY, READ, REWRITE, and WRITE
statements
attribute
statement
built-in function
attribute
format item
option of ENVIRONMENT attribute
option of ENVIRONMENT attribute
option of ENVIRONMENT attribute
statement
attribute
option of CLOSE, DELETE, GET.. LOCATE,
OPEN, PUT., READ" REWRITE, UNLOCK " and
WRITE statements
conditIon
attribute

CTL
CONV

~OSH (x)

COUNT (file-expression)
CTLASA
CTL360

o

DATA

oA.TAFIELD
DATE
DB
%DEACTIVATE
DECIMAL
DECIMAL (X1. L, xa[ ,X3]] )
DECLARE
%DECLARE
DEFAULT
DEFINED
DELAY
DELETE
DESCRIPTORS
DIM{x1.,xa)
DIRECT
DISPLAY
DIVIDE(x1.,xa,x3['x~ ])
DO
"DO
E (w,d [, s])
EDIT
ELSE
"ELSE
EMPTY
END
"END
ENDFIL.E (file-expression)
ENDPAG:E (file-expression)
ENTRY
ENVIRONMENT
ERF(x)
ERFC(x)
ERROR
EVENT
EXCLUSIVE
EXIT
EXP(x)
EXTERNAL
F (w, [ , d [, s]

%DEACT
DEC
DEC(x1.(,xa[,x3]])
DCL
%DCL
DFT

DEF

ENV

EXCL
EXT
])

F

FB
FBS
FETCH
FILE
FILE (file-expression)
FINISH
FIXED
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FIXED(x1[,x2[,x3]])
FIXEDOVERFLOW
FLOAT
FLOAT (X1 £', X2] )
FLOOR (x)
FLOW
FORMAT
FORTRAN
FREE
FROM (variable)
FS
GENERIC
GENKEY
GET
GO TO
%GO TO
HALT
HBOUND (X1, X2)
HIGH(x)
IF

Abbreviation

built-in function
condition., condition prefix
attribute
built-in function
built-in function
statement, option of PUT statement
statement, option of %CONTROL statement
option of OPTIONS option/attribute
statement
option of WRITE or REWRITE statements
option of ENVIRONMENT attribute
attribute
option of ENVIRONMENT attribute
statement
statement
preprocessor statement
statement
built-in function
built-in function
statement
preprocessor statement
option of READ statement
built-in function, pseudovariable
option of ALLOCATE and FREE statements
preprocessor 'statement
built-in function
option of ENVIRONMENT attribute

FOFL

GOTO
%GOrO

~IF

IGNORE(n)
I MAG (x)
IN(element-area-variable)
~INCLUDE

INDEX (X.l., X2)
INDEXAREA [(index-areasize) ]
INDEXED
INITIAL
INPUT
INTER
INTERNAL
INTO (variable)
IRREDUCIBLE
KEY (file-expression)
KEY (x)

option of ENVIRONMENT attribute
attribute
attribute,. option of OPEN statement
option of OPTIONS option/attribute
attribute
option of READ statement
attribute
condition
option of READ, DELETE, and REWRITE
statements
attribute, option of OPEN statement
option of WRITE statement
option of ENVIRONMENT attr ibute
option of ENVIRONMENT attribute
option of READ statement
at.tribute
built-in function
option of ENVIRONMENT attribute
built-in function
attribute
format item. option of PUT statement
built-in function
option of OPEN statement
option of GET or PUT statement
statement
built-in function
built-in function
built-in function
built-in function
option of OPTIONS option
built-in function
built-in function
bu'il t - in funct ion
built-in function
condition
option of ENVIRONMENT attribute
statement
condition prefix

INIT
INT
IRRED

KEYED
KEYFROM(x)
KEYLENGTH (n)
KEYLOC(n)
KEYTO (variable)
LABEL
LBOUND (X1" X2)
LEAVE
LENGTH (x)
LIKE
LINE (n)
LINENO(x)
LINESIZE(expression)
LIST
LOCATE
LOG (x)
LOG 2

Use of Keyword

(x)

LOG10(x)
LOW (x)
MAIN
MAX (X1, x;a; ••• xn)
MINex1,x2···xn)
MOD (X1, x;a;)
MULTIPLY (X1, X2" X3 [ , x",J )
NAME (filE!-expression)
NCP (n)
NOCHECK
NOCHECK [ (name-list) i
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Keyword

Abbreviation

Use of Keyword

NOCONVERSION
NOFIXEDOVERFLOW
NOFLOW
NOFORMAT
NOLOCK
NOMAP[(arg-list)]
NOMAPIN ( (arg-list) ]
NOMAPOUT [ (arg-list)]
NOOVERFLOW
NORESCAN
NOSIZE
NOSTRINGRANGE
NOSTRINGSI ZE
NOSUBSCRIPTRANGE
NOUNDERFLOW
NOWRITE
NOZERODI VI DE
NULL
OFFSET[ (area-name)]
OFFSET (X1.,X2)
ON

NOCONV
NOFOFL

condition prefix
condition prefix
statement
option of %CONTROL statement
option of READ statement
option of OPTIONS attribute
option of OPTIONS attribute
option of OPTIONS attribute
condition prefix
option of %ACTIVATE statement
condition prefix
condition prefix
condition prefix
condition prefix
condition prefix
option of ENVIRONMENT attribute
condition prefix
built-in function
attribute
built-in function
statement
built·in function, pseudovariable
built-in function
built-in function
built-in function
built-in function
built-in function
built-in function, pseudovariable
statement
attribute, option of ENTRY and
PROCEDURE statements
option of BEGIN and PROCEDURE statement.s
attribute, option of OPEN statement
condition, condition prefix
format item
format item, option of PUT statement
listing control statement
option of OPEN statement
option of ENVIRONMENT attribute
condition
attribute
attribute
built-in functicn
built-in function
attribute
built-in function
attribute, option of OPEN statement
option of CALL statement
built-in function, pseudovariable
statement
preprocessor statement
built-in function
statement
format item
option of DEFAULT statement
statement
attribute
built-in function, pseudovariable
attribute, option of OPEN stateme~t
condition
option of ENVIRONMENT attribute
option of PROCEDURE statement
attribute
option of OPTIONS option
option of BASED attribute
option of ENVIRONMENT attribute

NOOFL
NOSTRG
Nos·rRZ
NOSUBRG
NOUFL
NOZDIV

o NCHAR
ONCODE

ONCOUNT
ONFILE
ONKEY
ONLOC
ONSOURCE
OPEN
OPTIONS (list)
ORDER
OUTPUT
OVERFLOW
OFL
P 'picture specification'
PAGE
"PAGE
PAGESIZE(w)
PASSWORD (password-specification)
PENDING (file-expression)
PICTURE
PIC
POINTER
PTR
POINTER (X1., X2)
POLY (X1.,X2)
POS (expression)
POSITION (expression)
PRECISION (X1., X2 [,X3) )
PREC(x1.,x2(,x3])
PRINT
PRIORITY (x)
PRIORITY [ (x) ]
PROCEDURE
PROC
%PROCEDURE
"PROC
PROD (x)
PUT
R(x)
RANGE
READ
REAL
REAL (x)
RECORD
RECORD (file-expression)
RECSIZE(record-length)
RECURSIVE
RED
REDUCIBLE
REENTRANT
REFER (element-variable)
REGIONAL ( 11 21 3)
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Keyword
RELEASE
REORDER
REPEAT (X1.I' X2)
REPLY (c)
REREAD
RESCAN
RETURN
RETURNS (a'ttribute-list)
REVERT
REWRITE
ROUND (X1.,X2)
SCALARVARYI NG
SEQUENTIAL
SET (locator-var iable)

Abbreviation

statement
option of BEGIN and PROCEDURE statements
built-in function
option of DISPLAY statement
option of ENVIRONMENT attribute
option of %ACTIVATE statement
statement, preprocessor statement
attribute, option of PROCEDURE statement
statement
statement
built-in function
option of ENVIRONMENT attribute
attribute
option of ALLOCATE, LOCATE, and
READ statements
built-in function
statement
built-in function
built-in function
built-in function
condition, condition prefix
format item, option of GET and
PUT sta tements
listing control statement
option of ON and PUT statements
built-in function
attribute
built-in function, pseudovariable
statement
attribute, option of OPEN statement
built-in function, pseudovariable
option of GET and PUT statements
condition, condition prefix
condition, condition prefix
dummy variable of DEFINED attribute
condition, condition prefix
built-in function, pseudovariable
built-in fUnction
name of standard system input file
name of standard system output file
option of ON or DECLARE statements
built-in function
built-in function
built-in function
attribute, option of OPTIONS option
option of CALL statement
clause of IF statement
clause of %IF statement
built-in function
option of OPEN statement
option of DO statement, option of
repetitive input/output specification
option of ENVIRONMENT attribute
option of ENVIRONMENT attribute
attribute
built-in function
condition
option of ENVIRONMENT attribute
built-in function
option of ENVIRONMENT attribute
attribute
attribute, option of OPEN statement
condition

"t."

SEQL

SIGN(x)
SIGNAL
SIN(x)
SIND (x)
SINH (x)
SIZE
SKIP[ (n) ]
~SKIP

SNAP
SQRT(x)
STATIC
STATUS (x)
STOP
STREAM
STRING(x)
STRING (string-name)
STRINGRANGE
STRINGSIZE
iSUB
SUBSCRIPTRANGE
SUBSTR(x1.,x2[,x3 1)
SUM (x)
SYSIN
SYSPRINT
SYSTEM
TAN (x)
TAND (x)
TANH (x)
TASK
TASK[ (task-name)]
rHEN
%THEN
rIME
TITLE (element-expression)

STRG
srRZ
SUBRG

ro

TOTAL
TP(MIR)
TRANSIENT
TRANSLATE(x1.,x2[,x3])
TRANSMIT (file-expression)
TRKOFL
TRUNe (x)
U

UNALIGNED
UNBUFFERED
UNDEFINEDFILE
(file-expression)
UNDERFLOW
UNLOCK

Use of Keyword

UNAL
UNBUF
UNDF
(file-expression)
UFL
condition, condition prefix
statement
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Abbreviation
UNSPEC (x)
UPDATE
V

VALUE
VARIABLE
VARYING

VAR

VB

VES
VERIFY (X1., xa)
VS
VSAM
WAIT
WHEN (generic-descriptorlist)
WHILE
WRITE
XCw)

ZERODIVIDE

30Q

ZDIV

OS PLII CRT AND OPr LRM PART II

Use of Keyword
built-in function, pseudovariable
attribute, option of OPEN statement
option of ENVIRONMENT attribute
option of DEFAULT statement
attribute
attribute
option of ENVIRONMENT attribute
option of ENVIRONMENT attribute
built-in function
option of ENVIRONMENT attribute
option of ENVIRONMENT attribute
statement
option in GENERIC declaration
option of DO statement
statement
format item
condition, condition prefix

· Section D: Picture Specification Characters

Picture specification characters appear in
either the PICTURE attribute or the Pformat item for edit-directed input and
output.
In either case" an individual
character has the same meaning. A
discussion of the concepts of picture
specifications appears in chapter 13,
"Editing and string Handling".
Picture characters are used to describe
the attributes of the associated data item,
whether it is the value of a variable or a
data item to be transmitted between the
program and external storage.
A picture specification always describes
a character representation that is either a
character-string data item or a numeric
character data item. A character-string
pictured item is one that can consist of
alphabetic characters, decimal digits, and
blanks. A numeric character pictured item
is one in which the data itself can consist
only of decimal digits, a decimal point"
the letter E, and, optionally, a plus or
minus sign.
Other characters generally
associated with arithmetic data, such as
currency symbols, can also be specified,
but they are not a part of the arithmetic
value of the numeric character variable,
although the characters are stored with the
digits and. are considered to be part of the
character-string value of the variable.
Under the optimizing compiler, the maximum
length of character string pictured data
that is guaranteed to be handled is 1023,
though longer items may be handled if
sufficient storage is available. The
checkout compiler will accept items of
length not exceeding 32767 characters.
Under both compilers, the maximum length of
numeric character item is 255.
Arithmetic data assigned to a numeric
character variable is converted to
character representation. Editing, such as
zero suppression and the insertion of other
characters, can be specified for a numeric
character data item.
Data assigned to a variable declared
with a numeric picture specification (or
data to be written with a numeric picture
format i t€!m) nust be either internal coded
arithmetic data or data that can be
qonverted to coded arithmetic. Thus,
aSSigned data can contain only digits and,
optionally, a decimal point, a sign and the
exponent delimiter E. It should not
contain any editing characters, for
example, a. currency symbol; if it does, the
CONVERSION condition is raised.

Numeric character data to be read using
the P-format item must conform to the
specification contained in the P-format
item, including editing characters. If the
indicated character does not appear in the
input stream., the CONVERSION condition is
raised.
Data assigned to a variable declared
with a character-string picture
specification (or data to be written with a
character-string pi cture forrrat item)
should conform, character by character (or
be convertible, character by character) to
the picture specification; if it does not,
the CONVERSION condition is raised.
Character string data read in using the P
format item must conform to the
specification given in the format item.
If
the indicated character does not appear in
the input stream, the CONVERSION condi tion
is raised.
Figures in this section illustrate how
different picture specifications affect the
representation of values when assigned to a
pictured variable or when printed using the
p-format item. Each figure shows the
original value of the data, the attributes
of the variable from which it is assigned
(or written), the picture specification.,
and the character-string value of the
numeric character or pictured characterstring variable.

Picture Characters for Character-string
Data
Only three picture characters can be used
in character-string picture specifications:
X

specifies that the associated position
can contain any character whose internal
bit configuration can be recognized by
the computer in use.

A

specifies that the associated position
can contain any alphabetic character or
a blank character.

9

specifies that the associated position
can contain any decimal digit or a blank
character.

A character picture specification must
contain at least one A or X.
Figure D.1 gives examples of characterstring picture specifications.. I n the
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r---------------------------------------------------------------------------------------,
Source
I
Source Data
I
Picture
I
Character-String
At.tributes

I (in constant form) I

specification

I

Value!.

CHARACTER ( 5)

, 9B/2L'

XXXXX

9B/2L

CHARACTER ( 5)

, 9B/2L'

xxx

9B/

CHARACTER ( 5)

, 9B/2L'

XXXXXXX

9B/2Lbb

CHARACTER ( 5)

'ABCDE'

AAAAA

ABCDE

CHARACT ER ( 5)

'ABCDE'

AAAAAA

ABCDEb

CHARACTER ( 5)

'ABCDE'

AAA

ABC

CHARACTER ( 5)

'12/34 '

99X99

12/34

CHARACT ER ( 5)

'L26.7'

A99X9

L26.7

1A variable declared with a character-string picture specification has a characterstri.ng value only.

L--------------------------------------_______________ ----------------------------------J
Figure 0.1.

Pictured character-string examples

figure, the letter b indicates a blank
character.
Note that assignments are leftadjusted, and any necessary padding with
blanks is on the right.

Picture Characters for Numeric
Character Data
Numeric character data must represent
numeri.c values; therefore, the associated
picture specification cannot contain the
characters X or A. The picture characters
for numeric character data can specify
detailed editing of the data.
A numeric character variable can be
considered to have two different kinds of
value, depending upon its use.
They are
(1) it:s arithmetic value and (2) its
character-string value.

insertion characters appearing in the
picture specification. The characterstring value does not, however" incl ude the
assumed location of a decimal point, as
specified by the picture character V. The
character-string value of a numeric
character variable is used whenever the
variable appears in a character-string
expression operation or in an assignment to
a character-string variable, whenever the
data is printed using I ist-directed or
data-directed output, or whenever a
reference is made to a character-string
variable that is defined on the nuroeric
character variable. In such cases, no data
conversion is necessary.
The picture characters for numeric
character specifications may be grouped
into the following categories:
•

Digit and Decimal-Point Specifiers

•

Zero Suppression Characters

•

Insertion Characters

•

Signs and Currency Symbol

•

Credit, Debit, and Overpunched Signs

•

Exponent specifiers

•

Scaling Factor

ThE~

arithmetic value is the value
expressed by the decimal digits of the data
item, the assumed location of a decimal
point, and possibly a sign. rhe arithmetic
value of a numeric character variable is
used whenever the variable appears in an
expression that results in a coded
arithmetic value or whenever the variable
is assigned to a coded arithmetic, numeric
character, or bit-string variable. In such
cases, the arithmetic value of the numeric
character variable is converted to internal
coded arithmetic representation.
The character-string value is the value
expressed by the decimal digits of the data
item, as well as all of the editing and
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A numeric character specification
consists of one or more fields., each field
describing a fixed-point number. A
floating-point specification has two fields
- one for the mantissa and one for the
exponent. A field may be divided into

r---------------------------------------------------------------------------------------,
Source
I
Source Data
I
Picture
I
Character-string
Attributes

I (in constant form) I

Value 1

specification I

FIXED(S)

12345

99999

12345

FIXED(S)

12345

99999V

12345

FIXED(S)

12345

999V99

34500 2

FIXED(S)

12345

V99999

00000 2

FIXED(7)

1234567

99999

34567 2

FIXED(3)

123

99999

00123

FIXED(5,,2)

123.45

999V99

12345

FIXED(7,2)

12345.67

9V9

56 2

FIXED(S,2)

123.45

99999

00123

1The arithmetic value is the value expressed by the digits and the actual or assumed
location of the V in the specification.
2In this case, PLII does not define the result since significant digits have been
truncated on the left. The result shown, however, is that given for these
implementations. The SIZE condition will be raised, if enabled.

L--------___________________________________________ -___________________________________
Figure 0.2.

J

Pictured numeric character examples

sUbfields by inserting a V picture
specifica'tion character; the portion
preceding the V and that following it (if
any) are subfields of the specification.

fractional parts of the assigned value
are aligned on the V character;
therefore, an assigned value may be
truncated or extended with zero digits
at either end.
(Note that if
significant digits are truncated on the
left, the result is undefined and a SIZE
interrupt will occur, if SIZE is
enabled.)
If no V character appears in
the picture specification of a fixedpoint decimal value (or in the first
field of a picture specification of a
floating-point decimal value), a V is
assumed at the right end of the field
specification. This can cause the
assigned value to be truncated, if
necessary, to an integer. The V
character cannot appear more than once
in a picture specification,.

A major requirement of the picture
specifica'tion for numeric character data is
that each field must contain at least one
picture character that specifies a digit
position. This picture character, however,
need not be the digit character 9. Other
picture characters, such as the zero
suppression characters (Z or * or Y), also
specify d:i.git positions. At least one of
these cha:racters must be used to define a
numeric character specification.

DIGIT AND DECIMAL-POINT SPECIFIERS
Figure D.2 gives examples of numeric
character specifications.
The picture characters 9 and V are used in
the simplest form of numeric character
specifica'tions that represent fixed-point
decimal values.
9

V

specifies that the associated position
in the data item is to contain a decimal
digit.
specifies that a decimal point is
assumed at this position in the
associated data item. However, it does
not specify that an actual decimal point
is to be inserted. The integer and

ZERO SUPPRESSION CHARACTERS
The zero suppression picture characters
specify conditional digit positions in the
character-string value and may cause
leading zeros to be replaced by asterisks
or blanks and nonleading zeros to be
replaced by blanks. Leading zeros are
those that occur in the leftmost digit
posi tions of fixed-poi.nt numbers or in the
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leftmost digit positions of the two parts
of floating-point numbers, that are to the
left of the assumed position of a decimal
pOint, and that are not preceded by any of
the digits 1 through 9. The leftmost
nonzero digit in a number and all digits,
zeros or not, to the right of it represent
significant digits.
Note that a floatingpoint number can also have leading zeros in
the exponent field.
Z

*

Y

specifies a conditional digit position
and causes a leading zero in the
associated data position to be replaced
by a blank character. When the
associated data position does not
contain a leading zero, the digit in the
position is not replaced by a blank
character.
The picture character Z
cannot appear in the same field as the
picture character * or a drifting
character, nor can i t appear to the
right of any of the picture characters
9, T, I, R, or Yin a fie ld.
specifies a conditional digit position.
It is used the way the picture character
Z is used, except that leading zeros are
replaced by asteri sks. The picture
character * cannot appear in the same
subfield as the picture character Z or a
drifting character, nor can it appear to
the right of any of the picture
characters 9., T, I, R, or Y in a field.
specifies a conditional digit position
and causes a zero digit, leading or
nonleading, in the associated position
to be replaced by a blank character.
When the associated position does not
contain a zero digit, the digit in the
position is not replaced by a blank
character.

Figure 0.3 gives examples of the use of
zero suppression characters.
In the
figure, the letter b indicates a blank
character.
Note: If one of the picture characters Z
or * a.ppears to the right of the picture
character V, then all fractional digit
positions in the specification, as well as
all integer digit positions, must employ
the Z or * picture character, respectively.
When all digit positions to the right of
the picture character V contain zero
suppression picture characters, fractional
zeros of the value are suppressed only if
all positions in the fractional part
contain zeros and all integer positions
have been suppressed. The entire
character-string value of the data item
will t:hen consist of blanks or asteri sks.
No dig'i ts in the fractional part are
replaced by blanks or asterisks if the
fractional part contains any significant
digit.
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INSERTION CHARACTERS
The picture characters comma (,), point
( • ), slash (/), and blank (B) are i nsert.ion
characters; they cause the specified
character to be inserted into the
associated position of the numeric
character data.
They do not indicate digit
or character positions, but are inserted
between digits or characters. Each does,
however, actually represent a character
position in the character-string value,
whether or not the character is suppressed.
The comma, point, and slash are conditional
insertion characters; within a string of
zero suppression characters, they, too, may
be suppressed. The blank (B) is an
unconditional insertion character; it
always specifies that a blank is to appear
in the associated position.
Note: Insertion characters are applicable
only to the character-string value. They
specify nothing about the arithmetic value
of the data item.
causes a comma to be inserted into the
associated position of the numeric
character data when no zero suppression
occurs.
If zero suppression does occur,
the comma is inserted only when an
unsuppressed digit appears to the left
of the comma position, or when a V
appears immediately to the left of i t
and the fractional part contains any
significant digits, or when the comma is
at the start of a string or is preceded
only by characters not specifying digit
positions.
In all other cases where
zero suppression occurs, the comma
insertion character is treated as though
it were a zero suppression character
identical to the one immediately
preceding it.
is used the same way the comma picture
character is used, except that a point
(.) is assigned to the associated
position. This character never causes
point alignment in the picture
specifications of a fixed-point decimal
number and is not apart of the
arithmetic value of the data item. That
function is served solely by the picture
character V. Unless the V actually
appears, it is assumed to be to the
right of the rightmost digit position in
the field, and point alignment is
handled accordingly, even if the point
insertion character appears elsewetire.
The point (or the comma or slash) can be
used in conjunction with the V to c~use
insertion of the point (or comma or
slash) in the position that delimits the
end of the integer portion in and the
beginning of the fractional portion of a
fixed-point (or floating-point) number,

r------------------------~--------------------------------------------------------------,

Source
Attributes

-------_._--------FIXED(S)

I
Source Data
I
I (in constant form) I

Picture
specification

I
I

Character-String
Value 1

-------------~--------------------.-~--------~-------- --------------

1234S

ZZZ 99

1234S

FIXED(S)

00100

ZZZ 99

bb100

FIXED (5)

00100

ZZZZZ

bb100

FIXED (5)

00000

ZZZZZ

bbbbb

FIXED (S" 2)

123.4S

ZZZ 99

bb123

FIXED (S, 2)

001.23

ZZZV99

bb123

FIXED(5)

12345

ZZZV99

34500 2

FIXED (S, 2)

000.08

ZZZVZZ

bbb08

FIXED(S,2)

000.00

ZZZVZZ

bbbbb

FIXED (5)

00100

*****

**100

FIXED(S)

00000

*****

*****

FIXED (5" 2)

000.01

***v**

***01

FIXED(S)

00100

YYYYY

bb1bb

FIXED(S)

10203

9Y9Y9

1b2b3

000.04

YYYVY9

bbbb4

1The arithmetic value is the value expressed by the digits and the actual or assumed
location of the V in the specification.
2If SIZE is enabled, it would be raised in this case, and the result would be as shown.
If SIZE is not enabled, the result is undefined.

L----------------------------------------------------------------_______________________
Figure D.3.

Examples of zero suppression

as might be desired in printing, since
the V does not cause printing of a
point. The point must immediately
precede or immediately follow the V. If
the point precedes the V, it will be
inserted only if an unsuppressed digit
appears to the left of the V" even if
all fractional digits are significant~
If the point immediately follows the V,
it will be suppressed if all digits to
the right of the V are suppressed, but
it will appear if there are any
significant fractional digits (along
with any intervening zeros).
/

is used the same way the comma picture
charac·ter is used, except that a slash
(/) is inserted in the associated
positit:m.

B

specifies that a blank character always
be inserted into the associated position
of the character-string value of_ the
numeric character data.

Figure D.4 gives examples of the use of
insertion characters. In the figure, the
letter b indicates a blank character.

SIGNS AND CURRENCY SYMBOL
The picture characters S, +, and - specify
signs in numeric character data. The
picture character $ specifies a currency
symbol in the character-string value of
numeric character data.
These picture characters may be used in
either a static or a drifting manner. The
static use specifies that a sign, a
currency symbol, or a hlank always appears
in the associated position. The drifting
use specifies that leading zeros are to be
suppressed.
In this case, the rightmost
suppressed position associated with the
picture character will 'contain a sign, a
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r---------------------------------------------------------------------------------------,
Source
I
Source Data
I
Picture
Character-string
At·tributes

I (in constant form) I

--------------------------------------FIXED(4)
1234

Specifica tion
---------~--------------

9,999

Value1.

---------------------1,234

FIXED (6,2)

1234.56

9,999V.99

1,234.56

FIXED (4, 2)

12.34

zz.vzz

12. 34

FIXED (4,2)

00.03

ZZ.VZZ

bbb03

FIXED (4, 2)

00.03

ZZV. ZZ

bb.03

FIXED(4,2)

12.34

ZZv.zz

12.34

FIXED (4, 2)

00.00

ZZV. ZZ

bbbbb

FIXED (9,2)

1234567.89

9,999,999.V99

1,,234,567.89

FIXED (7 ,2)

12345.67

**,999V.99

12,345.67

FIXED (7" 2)

00123.45

**,999V.99

***123.45

FIXED(9,2)

1234567.89

9.999.999V,99

1.234.567,89

FIXED(6 )

123456

99/99/99

12/34/56

FIXED(6 )

123456

99.9/99.9

12.3/45.6

FIXED (6)

001234

ZZ/ZZ/ZZ

bbb12/34

FIXED(6)

000012

ZZ/ZZ/ZZ

bbbbbb12

FIXED(6)

000000

ZZ/ZZ/ZZ

bbbbbbbb

FIXED(6 )

000000

**/**/**

********

FIXED(6)

000000

**B**B**

**b**b**

FIXED(6)

123456

99B99B99

12b34b56

FIXED(3)

123

9BB9BB9

1bb2bb3

FIXED(2)

12

9BB/9BB

1bb/2bb

---------------------------------------------------------------------------------------1
1The arithmetic value is the value expressed by the digits and the actual or assumed
I
location of the V in the specification.
L------------------------------_______________________
--________________________________ 1
J

Figure D.4.

Examples of insertion characters

blank, or a currency symbol (except that
where all digit positions are occupied by
drifting characters and the value of the
jata item is zero, the drifting character
is not inserted).
A drifting character is specified by
multiple use of that character in a picture
field. Thus, if a field contains one
currency symbol ($), i t is interpreted as
static; if it contains more than one, it is
interpreted as drifting. The drifting
character must be specified in each digit
~osition through which it may drift.
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Drifting characters must appear in
strings. A string is a sequence of the
same drifting character, optionally
containing a V and one of the insertion
characters comma, point, slash, or B. Any
of the insertion characters slash, comma"
or point within or immediately following
the string is considered part of the
drifting string. The character B always
causes insertion of a blank, wherever it
appears. A V terminates the drifting
string, except when the arithmetic value of
the data item is zero; in that case, the V
is ignored. A field of a picture
specification can contain only one drifting

string.

A drifting string cannot be
by a digit position nor can it
occur 1n the same field as the picture
characters * and Z.

of all digit positions in a
speci fication. see detai 15 above for
the drifting use of the character.

preced~d

S

specifies the plus sign character (+) if
the data value is zO, otherwise it
specifies the minus sign character (-).
The character may be drifting or static.
The rules are identical to those for the
currency symbol.

+

specifies the plus sign character (+) if
the data value is ~O, otherwise it
specifies a blank. The character may be
drifting or static. The rules are
identical to those for the currency
symbol.

The position in the data associated with
the characters slash, comma, and point
appearing in a string of drifting
characters will contain one of the
following:
•

slash, comma, or pOint if a significant
digit has appeared to the left

•

the dri.fting symbol, if the next
posi·ti on to the right contains the
leftmost significant digit of the field

•

blank, if the leftmost significant digit
of the field is more than one position
to the right

If a drifting string contains the
drifting character B times, then the string
is associated with n-l conditional digit
positions. The posItion associated with
the leftmost drifting character can contain
only the drifting character or blank, never
a digit. Two different picture characters
cannot be used in a drifting manner in the
same field.
If a dl~ifting string contains a V within
it, the V delimits the preceding portion as
a subfield, and all digit positions of the
subfield following the V must also be part
of the drifting string that commences the
second subfield.
Only one type of sign character can
appear in each field.
An S" +, or - used
as a static character .can appear to the
right or left of all digits in the mantissa
and exponEmt fields of a floating-point
specificat:ion., and to the right or left of
all digit positions of a fixed-point
specifica t:ion.
In the case in which all digit positions
after the V contain drifting characters,
suppression in the subfield will occur only
if all of the integer and fractional digits
are zero. The resulting edited data item
will then be all blanks (except for any
insertion characters at the start of the
field) • If there are any significant
fractional digits, the entire fractional
portion will appear unsuppressed •.

$

specifi.es the currency symbol.
If this
charact:er appears more than once, it is
a drif·ting character; otherwise i t is a
static character. The static character
specifies that the character is to be
placed in the associated position. The
static character must appear either to
the left of all digit positions in a
field of a specification or to the right

specifies the minus sign character (-)
if the data value is <0, otherwise it
specifies a blank. The character may be
drifting or static. The rules are
identical to those for the currency
symbol.
I
If, during or before assignment to a
I picture, the fractional digits of a decimal
I number are truncated so that the resulting
Ivalue is zero, the sign inserted in the
Ipicture corresponds to the value of the
I decimal number prior to its truncation..
IThus, the sign in the picture may depend on
Ihow the decimal value was calculated.
Figure D.5 gives examples of the use of
drifting picture characters.
In the
figure, the letter b indicates a blank
character.

CREDIT, DEBIT, AND OVERPUNCHED SIGNS
The character pairs CR (credit) and DB
(debi t) specify the signs of real numeric
character data items and usually appear in
business report forms.
Any of the picture characters T, I, or R
specifies an overpunched sign in the
associated digit position of numeric
character data.
An overpunched sign is a
12-punch (for plus) or an ii-punch (for
minus) punched into the same column as a
digit. It indicates the sign of the
arithmetic data item. Only one overpunched
sign can appear in a specification for a
fixed-point number~ A floating-point
specification can contain two, one in the
mantissa field and one in the exponent
field. The overpunch character can,
however, be specified for any digit
position within a field. The overpunched
number then will appear in the specified
digit position.
CR specifies that the associated positions
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r--~-------------------------·-----------------------~----------------~----~------------,

Source
Attributes

I
Source Data
I
I (in constant form) I

Picture
specification

CharaCter-String
Value~

FIXED (5" 2)

123.45

$999V.99

$123.4S

FIXED (5, 2)

012.00

99$

12$

FIXED (5,2)

001.23

$ZZZV.99

$bb1.23

FIXED (5,2)

000.00

$ZZZV.ZZ

bbbbbbb

FIXED (1)

0

$$$.$$

bbbbbb

FIXED (5,,2)

123.45

$$$9V.99

$123.45

FIXED (5., 2)

001.23

$$$9V.99

bb$1.23

FIXED (2)

12

$$$,999

bbb$012

FIXED (4)

1234

$$$,999

b$1,234

FIXED (S, 2)

2.4S

SZZZV.99

+bb2.45

FIXED (5)

214

ss,SS9

+214

FIXED(S)

-4

SS, SS9

-4

FIXED (5,2)

-123.45

+999V.99

b123.45

FIXED (5,2)

-123.45

-999V.99

-123.45

FIXED (5,2)

123.45

999V.99S

123.4S+

FIXED

(5 1,2)

001.23

++B+9V.99

bbb+1.23

FIXED

(5"

2)

001.23

---9V.99

bbbl.23

-001.23

SSS9V.99

bb-1.23

FIXED (S, 2)
~The

arithmetic value is the value expressed by the digits and the actual or assumed
location of the V in the specification.

L----------------------------------------------------------_____________________________
Figure 0.5.

Examples of drifting picture characters
overpunched with a 12-punch if the value
is ~O: otherwise, it will contain the
digi t with no overpunching.. It also
specifies that an overpunch is to be
indicated in the character-string value
if the data value is ~O.

will contain the letters CR if the value
of the data is less than zero.
Otherwise, the positions will contain
two blanks. The characters CR can
appear only to the right of all digit
posi tions of a field.
DB is used the same way that CR is used
except that the letters DB appear in the
associated positions.
T

I
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specifies that the assoc iated posi tion,
on input, will contain a digit
overpunched with a 12-punch if the value
is ~o or an II-punch if the value is <0.
It also specifies that an overpunch is
to be indicated in the character-string
value.
specifies that the associated position,
on input, will contain a digit
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R

specifies that the associated position,
on input, will contain a digit
overpunched with an II-punch if the
value is <0; otherwise, it will contain
the digit with no overpunching. It also
specifies that an overpunch is to b~
indicated in the character-string value
if the data value is <0.

Figure 0.6 gives examples of the CR, DB,
and overpunch characters.
In the figure,
the letter b indicates a blank character.
Note:

The picture characters CR, DB, T, I,

r---------------------------------------------------------------------------------------,
Source
I
Source Data
I
Picture
I
Character-String
Attributes

I (in constant form) I

-------_ .. ------------------------_._---

Specification

I

Value 1

--~---~---------------------------~--~----~----

1The arithmetic value is the value expressed by the digits and the actual or assumed
location of the V in the specification.

L--------.------------------------------------------_-___________________________________
Figure 0.6.

Examples of CR"

J

DB, T, I, and R picture charac:ters

r--------·-------------------------------------------------------------------------------,
Source
SOurce Data
I
Picture
I
Character-String
Attributes

(in constant form)

I

Specification

I

Value 1

FLOAT (5)

.12345E06

V.99999E99

.12345E06

FLOAT (5)

.12345E-06

V.99999ES99

.12345E- 06

FLOAT (5)

.12345E+06

V.99999KS99

.12345+06

FLOAT (5)

-123.45E+12

S999V.99ES99

-123,. 45E +12

FLOAT (5)

001. 23E-01

SSS9. V99ESS9

+123.00Eb-3

FLOAT (5)

001. 23E+04

ZZZV.99KS99

123.00+02

FLOAT (5)

001. 23E+04

SZ99V.99ES99

+123.00E+02

FLOAT (5)

001. 23E+04

SSSSV.99E-99

+123 .• 00Eb02

1The arithmetic value is the value expressed by the mantissa, multiplied by 10 to the
power indicated in the exponent field.

L--------.--------------------------------------------___________________________________
Figure 0.7.

J

Examples of floating-point picture specifications

and R cannot be used with any other sign
characters in the same field.

specifica tion.
K

specifies that the exponent field
appears to the right of the associated
position.
It does not specify a
character in the numeric character data
item.

E

specifies that the associated position
contains the letter E, which indicates
the start of the exponent field.

EXPONENT SPECIFIERS
rhe picture characters K and E delimit the
exponent field of a numeric character
specification that describes floating-point
decimal numbers. The exponent field is
always the last field of a numeric
character floating-point picture
specifica'tion. The picture chara-cters K
and E cannot appear in the same

The value of the exponent is adjusted in
the character-string value so that the
first significant digit of the first field
(the mantissa) appears in the position
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r---------------------------------------------------------------------------.-----------,
Source
1
Source Data
1
Picture
1
Character-string
Attributes

I (in constant form)

I

Specification

1

Value 1

FIXED (4.0)

1200

99F (2)

12

FIXED (7.0)

·-1234500

S999V99F(4)

-12345

FIXEDC5.5)

• 00012

99FC-5)

12

FIXEDC6.6)

.012345

999V99FC-4)

12345

1The arithmetic value is the same as the character-string value, multiplied by 10 to
the power of the scaling factor.

L------------------------------------------------------_________________________________
Figure 0.8.

Examples of scaling factor picture characters
F ([+ 1-] decimal-integer-constant)

associated with the first digit specifier
of the specification (even if it is a zero
suppression character).
F
Figure 0.7 gives examples of the use of
exponent delimiters. In the figure r the
letter b indicates a blank character.

SCALI NG FACTOR
rhe picture character F specifies a scaling
factor for fixed-point decimal numbers. It
appears at the right end of the picture
specification and is used in the following
format::

314
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specifies that the optionally signed
decimal integer constant enclosed in
parentheses is the scaling factor. The
scaling factor specifies that the
decimal point in the arithmetic value of
the variable is that number of places to
the right Cif the scaling factor is
posi ti ve) or to the left (if negative)
of its assumed position in the
character-string value.
The scaling factor must not imply a
scale outside the range -128 to 127.

Figure 0.8 shows examples of the use of
the scaling factor picture character.

Section E: Edit-directed Format Items

rhis section describes each of the editdirected format items that can appear in
the format list of a GET or PUT statement.
There are three categories of format
items:
data format items, control format
items, and the remote format item.
In this section, the three categories
are discussed separately and the format
items are listed under each category. The
remainder of the section contains detailed
discussions of each of the format items,
with the discussions appearing in
alphabetic order.

Data Format Items
A data format item describes the external
format of a single data item.
For input, the data in the stream is
considered to be a continuous string of
characters; all blanks are treated as
characters in the stream, as are quotation
marks. Each data format item in a GET
statement specifies the number of
characters to be obtained from the stream
and describes the way those characters are
to be interpreted. Strings should not be
enclosed in quotation marks, nor should the
letter B be used to identify bit strings.
If the characters in the stream cannot be
interpreted in the manner specified, the
CONV.ERSIONcondition is raised.
For output, the data in the stream takes
the form specified by the format list.
Each data format item in a pur statement
specifies the width of a field into which
the associated data item in .character form
is to be placed and describes the format
that the value is to take. Enclosing
quotation marks are not inserted, nor is
the letter B to identify bit strings.
Leading blanks are not inserted
automatically to separate data items in the
output stream. string data is leftadjusted in the field, whose width is
specified. Arithmetic data is rightadjusted. Because of the rules for
conversion of arithmetic data to character
type, which can cause up to three leading
blanks to be inserted (in addition to any
blanks that replace leading zeros), there
generally will be at least one blank
preceding an arithmetic item in the
converted field. Leading blanks will not

appear in the stream, however,u unless the
specified field width allows for them.
Truncation, due to inadequate field-width
specification is on the left for arithmetic
items, on the right for string items.
Note that the value of binary data both
on input and output is always represented
in decimal form for edit-directed
transmission.
Following is a list of data format
items:
Fixed-point format item

F

Floating-point format item

E

Complex format item

C

Picture format item

P

Bit-string format item

B

Character-string format item

A

Control Format Items
The control format items specify the layout
of the data set associated with a file.
The following is a list of control format
items:
Paging format item

PAGE

Line skipping format item

SKIP

Line position format item

LINE

Column position format item

COLUMN

Spacing format item

X

A control format item has no effect
unless i t is encountered before the data
list is exhausted.
The PAGE and LINE format items apply
only to output and only to files with the
PRINT attribute. The SKIP, COLUMN and X
format items apply to both input and
output.
The PAGE, SKIP, and LINE format items
have the same effect as the corresponding
options of the PUT statement (and of the
GET statement, in the case of SKIP), except
that the format items take effect only when
they are encountered in the format list,

Section E:

Edit-directed Format Items

315

while the options take effect before any
data is transmitted.
ThE~ COLUMN format item positions the
file t:o the specified character position in
the Clrrrent or following line.
It cannot
be used in a GET STRING or POI' STRING
statement.

The spacing forma t item specifies'
relative horizontal spacing. On input, it
specifies a number of characters in the
stream to be skipped over and ignored; on
output:, i t specifies a number of blanks to
be inserted into the stream.

The character-string format item
describes the external representation of a
string of characters.
General rules:
1.

The "field-width" is an expression
that is evaluated and converted to an
integer, which must be non-negative,
each time the format item is used.
It
specifies the number of character
positions in the data stream that
contain (or will contain) the string.

2.

On input, the specified number of
characters is obtained from the data
stream and assigned, with any
necessary conversion, truncation, or
padding" to t.he associated elerr:ent in
the data list. The field width is
always required on input, and if it
has a value equal to zero, a null
string is assumed.
If quotation marks
appear in the stream, they are treated
as characters in the string.

3.

On output, the associated element in
the d~ta list is converted, if
necessary" to a string of characters
and is truncated or extended with
blanks on the right to the specified
field width before being placed into
the data stream. I f the field width
is equal to zero, the format item and
its associated el ement in the data
list are skipped, and no characters
are placed into the data stream.
Enclosing quotation marks are never
inserted. If the field width is not
specified, it is assumed to be equal
to the character-string length of the
element narred in the data list (after
conversion, if necessary~ according to
the rules given in section F, "Data
Conversion and Expression
Evaluation") •

Fo.t:' the effects of control format items
when specified in the first GEl' or PUT
statement following the opening of a file,
see "OPEN Sta'tement" in section J,
"Statements" •

Remote rormat Item
l'he remote format item specifies the label
of a FORMAT statement that contains a
format. list which is to be taken to replace
the remote format item.
The remote format item is:
R(statement-label-designator)
The "statement-Iabel-designator" is a
label constant or scalar label variable.

Use of Format Items
Most of the format items listed below are
followed by a specification.
In all cases
except: the picture and remote items, any
expression contained in the specification
can be given as decimal integer constants,
as element variables, or as other element
expressions.
The value assigned to a
variable during an input operation can be
used in an expression in a format item that
is associated with a later data item. An
expression is evaluated and converted to an
integer each time the format item is used.

Alpha,betic List of Format Items

B-Format Item
The B-format item is:
B (field-width)]
The bit-string format item describes the
external representation of a bit string.
Each bit is represented by the character 0
or 1.
General rules:

A-Format Item
1.
l'he A-format item is:
A [(field-width)]
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The "field-width" is an expression
that is evaluated and converted to an
integer, which must be non-negative,
each time the format item is used.
It
specifies the number of data-stream

character positions that contain (or
will contain) the bit string.

the CONVERSION condition to be raised.
3.

2.

On input, the character representation
of the bit string may occur anywhere
within the specified field. Blanks,
which may appear before and after the
bit string in the field, are ignored.
Any necessary conversion occurs when
the bit string is assigned to the
associated element in the data list.
The field width is always required on
input, and if i t is equal to zero, a
null string is assumed. Any character
other than 0 or 1 in the string,
including embedded blanks, quotation
marks, or the letter B, will raise the
CONVERSION condition.

3.

On output" the character
representation of the bit string is
left-adjusted in the specified field,
and necessary truncation or extension
with blanks occurs on the right. Any
necessary conversion to bit-string is
performed. No quotation marks are
inserted, nor is the identifying
letter B.
If the field width is equal
to zero, the format item and its
associated element in the data list
are skipped, and no characters are
placed into the data stream.
If the
field width is not specified, it is
assumed to be equal to the bit-string
length of the element named in the
data list (after conversion, if
necessary" according to the rules
gi ven in section F "Data Conversion
and Expression Evaluation").

c- Forma t

On output., the real format items
describe the forms of the real and
imaginary parts of the complex data
item in the data stream.
If the
second real format item is omitted, it
is assumed to be the saffie as the
first. The letter I is never appended
to the imaginary part.
If the second
real format item (or the first" if
only one appears) is an F or E item,
the internal sign will be printed only
if the value of the imaginary Fart is
less than zero. If the real format
item is a P item, the sign will be
printed only if the S or - or +
picture character is specified. If
the I is to be appended., it must be
specified as a separate data item in
the data list, immediately following
the variable that specifies the
complex item. The I, then, must have
a corresponding format item (either A
or P).

COLUMN Format Item
The COLUMN format item is:
COLUMN (character-position)
The column position format item
positions the file to a specified character
position within the current or following
line. It can be used with either input or
output files.
General rules:

I tern
1.

The "character-position" is an
expression which is evaluated and
converted to an integer, which must be
non-negative, each time the format
i tern is used.

2.

The file is positioned to the
specified character position in the
current line, provided it has not
already passed this position. On
input" intervening character positions
are ignored; on output, they are
filled with blanks. If the file is
already positioned after the specified
character position, the current line
is completed and a new line is
started; the format item is then
applied to the following line.

3.

If the specified character position
lies beyond the rightmost character
posi tion of the current line, or if
the value of the expression for the
character position is less than one,
then the character position is assumed

The C-format item is:
C(real-format-item£,real-format-item])
The complex format itern describes the
external representation of a complex data
item.
General rules:
1.

Each "real-format-item" is specified
~ one of the F-, E-, or P-format
items. The P--format item must
describe numeric character data; it
. cannot describe character-string data.

2.

On input, the complex format item
describes the real and imaginary parts
of the complex data item within
adjacent fields in the data stream.
If the second real format item is
omitted, it is assumed to be the same
as the first. The letter I will cause
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point number, an exponent of zero is
assumed.

t.o be one.
~ote:

The rightmost character
position is determined as follows:

a.
b.

The external form of a floating-point
number is:

For output files, it is determined
by the line size.

[+

For input files, the compiler uses
the length of the current logical
record to determine the line size
and, hence, the rightmost
cha~acter position.
In the case
of V-format records, this line
size is equal to the logical
record length minus the number of
bytes containing control
information.

COLUMN format item has no effect
unless i t is encountered before the
data list is exhausted.

5.

The COLUMN format item must not be
used in a GET STRING or POT STRING
statement.

a.

The E-·format item is:
E (fiel d-width., number-of-fractional-digi ts
[,number-of-significant-digits])
The floating-point format item describes
the external representation of decimal
ari thrneti c data in floating-point format.

b.

General rules:
'I'he "field-width", "number-offractional-digits", and "number-ofsignificant-digits" can be represented
by expressions, which are evaluated
and converted to integers when the
format item is used. -

3.

"Number-of-significant-digits"
specifies the number of digits that
must appear in the mantissa.

on input, the data item in the data
stream is the character representation
of an optionally signed decimal
floating-point or fixed-point constant
located anywhere within the specified
field.
If the data item is a fixed-
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The exponent is a decimal integer
constant. Whenever the exponent
and preceding sign or letter E are
omitted, a zero exponent is
assumed.

[-] {s-d digits}. {d digits}
E {+I-} exponent
In this form, s represents the number
of significant digits, and d
represents the number of fractional
digi ts.. The value is rounded if
necessary. If the data item is
fractional, the character 0, rather
than s-d digits, appears before the
decimal point.
a.

2.

The number can appear anywhere
within the specified field~ blanks
may appear before and after the
number in the field and are
ignored.
If the entire field is
blank, the CONVERSION condition is
raised. When no decimal point
appears, the expression for the
number of fractional digits
specifies the number of character
positions in the mantissa to the
right of the assumed decimal
point. If a decimal point does
appear in the number. it overrides
the specification of the number of
the fractional digits.

On output, the internal data is
converted to floating-point, and the
external data item in the specified
field has the following general form:

"Field-width" specifies the total
number of characters in the field.
nNumber-of-fractional-digits"
specifies the number of digits in the
mantissa that follow the decimal
point.

I-}} exponent]

The value expressed by "fieldwidth" includes trailing blanks,
the exponent position, the
positions for the optional plus or
minus signs, the position for the
optional letter E., and the
position for the optional decimal
point in the mantissa.

E-Forrnat Item

1.

{+

~ E [+1-]

The mantissa must be a decimal fixedpoint constant.

'.1~he

4.

1-] manti ssa fJ{[ E]

The exponent is a two-digit
decimal integer constant, which
may be two zeros..
The exponent is
automatically adjusted so that the
leading digit of the mantissa is
nonzero. When the value is zero,
zero suppression is applied to all

point constant located anywhere within
the specified field. Blanks may
appear before and after the number in
the field and are ignored. If the
entire field is blank, it is
interpreted as zero.

digit positions (except the first)
to the left of the decimal point.
All other digit positions contain
zero.
b.

If the above form of the number
does not fill the specified field
on output, the number is rightadjusted and extended on the left
with blanks. If. the number of
significant digits is not
specified, i t is taken to be 1
plus the number of fractional
digits. The field width fornonnegative values of the data item
must be greater than or equal to 5
plus the number of significant
digits. For negative values of
the data item, the field width
must be greater than or equal to 6
plus the number of significant
digits. However, if the number of
fractional digits is zero, the
decimal point is not written, and
the above figures for the field
width are reduced by 1.

c.

The rounding of internal data is
as follows: if truncation causes
a digit to be lost from the right,
and this digit is greater than or
equal to 5, then 1 is added to the
digit to the left of the truncated
digit.

d.

If the field width is such that
significant digits or the sign are
lost, the SIZE condition is
raised.

The number of fractional digits, if
not specified, is assumed to be zero.
If no scaling factor is specified and
no decimal point appears in the field,
the expression for the number of
fractional digits specifies the number
of digits in the field to the right of
the assumed decimal point.
If a
decimal point actually does appear in
the data" it overrides the expression
for the number of fractional digits.
If a scaling factor is specified, i t
effectively multiplies the value of
the data item in the data stream by 10
raised to the integral value (~) of
the scaling factor.
Thus, if ~ is
positive, the number is treated as
though the decimal point appeared Q
places to the right of its given
position. If E is negative, the
number is treated as though the
decimal point appeared Q places to the
left of its given position. The given
position of the decimal point is that
indicated either by an actual point,
if i t appears, or by the expression
for the number of fractional digits,
in the absence of an actual point .•
3.

F-Format Item
The F-foz:mat item is:
F (field-widthl., number-of- fractional-digi ts
[,scaling-fa·ctorl 1)
The fixed-point format item describes
the external representation of a decimal
arithmetic data item in fixed-point format.
General rules:
1.

The "field-width"y "number-of
fractional-digits", and "scalingfact.or" can be represented by element
expressions, which are evaluated and
converted to integers when the format
item is used. The evaluated field
widt~h and number of fracti onal digits
must~ both be non-negative.

2.

On i.nput, the data item in the data
str€!am is the character representation
of an optionally signed decimal fixed-

on output, the internal data is
converted, if necessary, to fixedpoint; the external data is the
character representation of a decimal
fixed-point number, rounded if
necessary, and right-adjusted in the
specified field.
If only the field width is specified
in the format item, only the integer
portion of the number is written; no
decimal point a~pears.
If both the field width and number of
fractional digits are specified, but
the scale factor is not, both the
integer and fractional portions of the
number are written.
If the value (d)
of the number of fractional digits Is
greater than zero, a decimal. point is
inserted before the rightmost Q
digits. Trailing zeros are supplied
when the number of fractional digits
is less than d (the value d must be
less than. the-field width):
suppression of leading zeros is
applied to all digit positions (except
the first) to the left of the decimal
point.
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The rounding of internal data is as
follows:
if truncation causes a digit
to be lost from the right, and this
digit is greater than or equal to 5,
then 1 is added to the digit to the
left of the truncated digit.
The integer value (E.) of the scaling
factor effectively multiplies the
value of the associated element in the
data list by 10 raised to the power of
E, before it is edited into its
external character representation.
When the number of fractional digits
is zero, only the integer portion of
the number is used.

SKIP(O) item-carriage return with no
line spacing.
4.

If "line-number" is equal to zero, it
is assumed to be one.

5.

The LINE format item has no effect
unless it is encountered before the
data list is exhausted.

P-Format Item
The P-format item is:

on

output, if the value of the fixedpoint number is less than zero, a
minus sign is prefixed to the external
character representation: if it is
g:reater than or equal to zero, no sign
appears.
Therefore, for negative
values of the fixed-point number, the
field width specification must incl ude
a count of both the sign and the
decimal point.
If the field width is such that any
character is lost, the SIZE condition
is raised.

LINE FQrmat Item
The LINE format item is:
LINE (line-number)
The line position format item specifies
the particular line on the current or
following page of a PRINT file upon which
the next data item is to be printed.
General rules:
1.

2.
3.
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The "line-number" can be represented
by an expression, which is evaluated
and converted to an integer, which
must be non-negative, each time the
fc:>rmat i tern is used.
Blank lines are inserted, if
necessary.
If the specified line number is less
than or equal to the current line
number, or if the specified line is
beyond the limits set by the PAGESIZE
option of the OPEN statenent (or by
default), the ENOPAGE condition is
raised. An exception is that if the
specified number is equal to the
current line number, and the column
one character has not yet been
t:cansmitted, the effect is as for a
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P 'picture-specification'
The picture format item describes the
external representation of numeric
character data and of character-string
data.
The "picture-specification" is discussed
in detail in section 0, "Picture
specification Characters" and in the
discussion of the PICTURE attribute in
section I, "Attributes".
On input, the picture specification
describes the form of the data item
expected in the data stream and, in the
case of a numeric character specification,
how the item's arithmetic value is to be
interpreted. Note that the picture
specification should accurately describe
the data in the input stream., including
characters represented by editing
characters.
If the indicated character
does not appear in the stream, the
CONVERSION condition is raised.
On output, the value of the associated
element in the data list is converted to
the form specified by the picture
specification before i t is written into the
data stream.

PAGE Format Item
The PAGE format item is:
PAGE
The paging format item specifies that a
new page is to be established.
It can be
used only with PRINT files.
General rules:
1.

The establishment of a new page
implies that the file be positioned to
line one of the next page.

2.

The PAGE format item has no effect
unless it is encountered before the
data list is exhausted.

General rules:
1.

The "relative-position-of-next-line"
can be specified by an element
express ion, which is evaluated and
converted to an integer, w, which must
be non-negative, each time the format
item is used.
It must be greater than
zero for non-PRINT files..
If it is
not, or if it is omitted, 1 is
assumed.

2.

The new line is the wth line after the
present line.

3.

If w is greater than one, then on
input, one. or more lines will be
ignored: on output, one or more blank
lines will be inserted.

4.

w may be equal to zero for PRINT files
only: the effect is that of a carriage
return without line spacing.
Characters previously written may be
overprinted.

5.

For PRINT files, if the specified
relative position is beyond the limit
set by the PAGESIZE option of the OPEN
statement (or the default), the
ENDPAGE condition is raised.

6.

If the SKIP format item is the first
item to be executed after a file has
been opened, output commences on the
wth line of the first page.
If w is
zero or 1, it commences on the first
line of the first page.

7.

The SKIP format item has no effect
unless it is encountered before the
data list is exhausted.

R-Format Item
The R-format item is:
R (statement-Iabel-designator)
The remote format item allows format
items in a FORMAT statement to replace the
remote format item.
General rules:
1.

2.

3.

4.

5.

The "statement-Iabel-des ignator" is a
label constant, or an element label
variable" or a function reference that
has as its value the statement label
of a FORMAT statement. The FORMAT
statement includes a format list that
is taken to replace the format item.
The R-format item and the specified
FORMAT statement must be internal to
the same block.
Clf the procedure is
executed recursively, they must be in
the same invocation.)
There can be no recursion within a
FORMAT statement. That is, a remote
FORMAT statement cannot contain an Rformat item that names itself as a
statement label designator, nor can it
name another remote FORMAr statement
that will lead to the naming of the
original FORMAT statement. Avoidance
of recursion can be assured if the
FORMAT statement referred to by a
remote format item does not itself
contain a further remote format item.
Any
PUT
the
are

conditions enabled for the GET or
statement must also be enabled for
remote FORMAT statementCs) that
referred to.

If the GET or PUT statement is a
single statement of an on-unit, i t
cannot contain a remote format item.

X-Format Item
The X-format item is:
X (field-width)
The spacing format item controls the
relative spacing of data iterrs in the data
stream. It is not limited to PRINT files.
General rules:

SKIP Format Item

1.

The "field-width" is an expression,
which is evaluated and converted to an
integer, which must be non-negative,
each time the format item is used.
The integer specifies the number of
blanks before the next field of the
data stream, relative to the current
position in the stream.

2.

On input., the speci fied number of

The SKIP format item is:
SKIP[Crelative-position-of-next-line)]
The line skipping format item specifies
that a new line is to be defined as the
current line.
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characters is spaced over in the data
stream and not transmitted to the
program.
3.

On output, the specified number of
blank characters are inserted into the
stream.

4.

The spacin<J format item has no effect
mlless it 1S encount~red before the
data list is exhausted.
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Table of CEIL Values
The following may cause conversion to any attributes:
When conversions are made between decimal and binary bases, the
values of the precision attributes need to be multiplied or divided bV
3·32, and the result needs to be rounded to an integer. This table shows
the result of the mUltiplication or division and rounding.
If the source precision attribute is positive, the next largest integer
(in PLII terms, the CE I L value) is taken after multiplication. For example
5 * 3·32= 16·6
CEIL (16·6)=17
The new precision attribute would therefore be 17.
This result could have been read directly from the tabre, which shows
that CE I L (n" 3.32) where n=5 is 17.
I f the source precision attribute is negative (the scale factor of the
precision attribute may be negative), the next lowest integer (in PL/I
terms, the FLOOR value) is taken. For example:
(-5) *3-32=(-16·6)
FLOOR (-16·6)=(-17)
The new scale factor would therefore be -17
It can be seen from the example that the table may be used with negative
values as well as positive, since
FLOOR (-n)=-CEIL (n)

n

CEIL (n"3·32)

n

1
2
3
4
5
6
7

4
7
10
14
17
20
24
27
30

1-3
4-6
7-9
10-13
14-16
17-19
20-23
24-26
27-29
30-33
34-36
37-39
40-43
44-46
47-49
50-53
54-56
57-59
60-63
64-66
67-69
70-73
74-76
77-79
80-82
83-86
87-89
90-92
93-96
97-99
100-102
103-106
107-109
110-112
113-116

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33

I

34
37
40

44
47
50
54
57

60
64
67
70
74
77
80
83
87
90
93
97
100
103
107
110

CEIL (nI3·321

/case

Target attributes

1
2
3
4
5
6
7

IAssignment

Attributes of variable on left of aSSignment symbol

pperand in an expression

Determined by rules for evaluation of expressions

~tream input (GET statement)

Attributes of receiving field

Istream output (PUT statement)

As determined by format list if stream is edit directed,
otherwise character-string

8

IArgument to PROCEDURE or ENTRY

Attributes of corresponding parameter

Argument to built-in function or pseudovariable

Depends on the function or pseudovariable

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

INITIAL attribute

Other attributes of variable being initialized

RETURN statement expression

Attributes specified in PROCEDURE or ENTRY statement

DO statement, BY or TO option

Attributes of control variable

The following may cause conversion to character-string:

~tatement

Option

DISPLAY

Source, 72-character maximum

Record I/O

KEY FROM
KEY

Key length specified + 8
Key length specified + 8

PPEN

TITLE

Determined by conversion rules, 8 character maximum

[The following may cause conversion to a binary integer:

~tatement

Option/A ttributelReference

Precision

DECLARE/ALLOCATE/DEFAULT

length, size.
dimension, bound,
repetition factor

15
15
15

pELAY

milliseconds

31

FORMAT
(and format items
n GET and PUT)

interation factor
w
d
s
p

15
15
7
7
7

PPEN

LlNESIZE
PAGESIZE

15
15

I/O

SKIP
LINE
IGNORE

15
15
15

WAIT statement

expression option

31

Most statements

subscript

\5

29
30
31
32
33
34
35

Figure F.2. Table of CEIL (n*3.32) and CEIL (n/3.32) values

Maximum String Length Used

Figure F .3. Circumstances causing conversion

I

Prinritv

I

I
1

..

Ooerator

I

I

Tvoe of Ooeration
Arithmetic

I

Reference
Figure F. 4

I

I
I
1

I

prefix +, -

Arithmetic

Remarks
Result is in coded arithmetic form
No conversion required
if operand is in coded arithmetic form

FIXED DECIMAL
target

Operand is converted to FIXED DECIMAL
if it is a CHARACTER string or numeric
character (PICTURE) representation of a
fixed-point decimal number

FLOAT DECIMAL
target

Operand is converted to FLOAT DECIMAL
if it is a numeric character (PICTURE)
representation of a floating-point decimal
number

FIXED BINARY
target

Operand is converted to FIXED BINARY if
it is a BIT string

..,

Bit string

BIT target

All non-BIT data converted to BIT

2

.. I

Arithmetic

Figure F. 4

Result is in coded arithmetic form

3

infix +,-

Arithmetic

Figure F. 4

Reslilt is in coded arithmetic form

CHARACTER target

If one or both operands are CHARACTER
or DECIMAL, non-CHARACTER operand(s)
converted to CHARACTE R

BIT target

If operands are BIT and BINARY or both
operands are BINARY, non-BIT operand(s)
converted to BIT

4

5

II

<-.. «= =,=>= >,>

I

Concatenation

Comparison

Figure F.5

6

E~

Bit string

7

I

Bit string

-

All forms of assignment See specific target

BIT target
BIT target

Result is always either '1'B or 'O'B
All non-BIT data converted to BIT
All non-BIT data converted to BIT
Figure F.3 indicates target attributes for
all forms of assignment

Figure F .1. List of priority of operations and gu ide to conversion ru les
The operators are listed in order of priority, group 1 having the highest priority ana group 7 the lowest. All operators in the same priority
group have the same priority. For example, the exponentiation operator"" has the same priority as the prefix + and prefix - operators and
the "not" operator...,_
If two or more operators in priority group 1 appear in an expression, the order of priority is right to left within the expression; the rightmost
exponentiation or prefix +, -, or..., operator has the highest priority, the next rightmost the next highest, and so on. For all other operators,
if two or more in the same priority group appear in an expression, their relative order or priority is their order left to right within the expression.
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Section F: Data Conversion and Expression Evaluation

The purpose of this section is to help the
user analyze a mixed expression, involving
problem data, to determine the conversions
that will occur, and the effect these
conversions will have on the final result.
In this context, an assignment is
considered as a special case of a mixed
expression. An expression is termed "mixed"
tor one of two reasons:
1.

Operands have attributes that differ.
For example,
DCL A CHAR(6),B FIXED BINARY (31)

~

Figure F.S shows, for all problem data
comparisons, the conversions that will take
place.
Source to target rules are given for
each of the following data types:
Coded Arithmetic:
FIXED
FIXED
FLOAT
FLOAT

A=B;
B is converted to character-string
form before assignment to A.
2.

Figure F.4 shows, for all arithmetic
operations, the conversions that will take
place.

PICTURE (numeric character)

Operands have a ttributes that are not
compatible with the operation to be
performed. For example,
DCL C BIT(lO) VARYING;
C=C+c;

C is converted to an arithmetic value
before the addition is performed. The
ari thmetic re sul t of the addition is
converted to bit-string form before
assignment back to C.
This section gives all the circumstances
and rules under which such conversions take
place.
Conversions may also occur in situations
other than assignment or expression
evaluation. However, the rules given here
are directly applicable to these
situations. Figure F.3 lists all the
circumstances under which conversion may
occur.

CHARACTER
BIT
The following pages take each of these
data types as a target and give the
conversion rules for all the others taken
as sources to that target.
The source to
target rules are used directly for all
conversions that do not involve operators.
See figure F.3.
The relationship between figures F.l,
F.4, and F.5, and the source to target
rules is illustrated as follows:

r----------,
L---- -----J

IFigure F.11-------,

I Figure F. 41 I

L----------J I

V

rhe conversion rules are presented by
figures F.l, F.4, and F.S, and by source to
target rules.
Figure~ F.l shows the operations that may
be performed, gives their priority in
expression evaluation, and contains
references to figures F.4 and F.S, and to
source to target rules where further
information may be obtained.

I
I
I

r----------,I

SECTION ORGANIZATION

Section F:

BINARY
DECIMAL
BINARY
DECIMAL

I
I
I
I
I
I

V

I

V

r-------... --,
L----------J

I F igur e F. 51

I

V

r----------------------,

Isource to target rules I

L----------------------J

One other figure, figure F.2, is an aid
to calculating the new precision resulting
from a conversion.
The placement of the figures in this
section is designed so that the user can
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have access to most of the information at
one page opening. Figures F.l and F.2 are
together on a foldout page so that they are
clear of the normal page.
Figures F.4 and
F.s are each on a foldout page and placed
at the back of the section. rhus, figures
F.l, F.2 , and F.4 or F.s, and specific
source to target rules can all be viewed
simul taneously.

reference 5 gives the attributes of the
result as FIXED BINARYCp,q), where the
precision for multiplication is:
p=l+ (1+ 2*3.32) +5=14
q=Cl*3.32) +0=4
•

resultl has attributes FIXED
BINARY C14, 4)

EXAMPI,E OF USE OF THE CONVERSION RULES
step 2
The followill9 example illustrates how
information is retrieved from the figures
and the source to target rules.
DCL FB FIXED BINARYCs),
FD FIXED DECIMALCs,2),
CH CHARACTER(12);
CH=4.2*FB+FD;

Refer to figure F.4a using the attributes
of resultl as the first operand and the
attributes of FD as the second operand.
This gives the code reference 7. In figure
F.4c, code reference 7 gives the attributes
of the result as FIXED BINARYCp,q), where
the precision for addition is:
p=1+MAXC14-4,CC1+5*3.32)-2*3.32»+7=19
q=MAXC4,C2*3.32»=7

From t;he priority rules in figure F.l" the
statement is executed in the
following steps:

assigr~ent

•
1.

resultl=4.2*FB

2.

result2=resultl+FD

3.

CH=result2

The attributes of the result at each
step are determined as follows.

step 3
Refer to the rules for FIXED BINARY source
to CHARACTER target. The source is first
converted to FIXED DECIMALCp,q), where
p=1+19/3.32=7
q=7/3.32=3

step 1
The constant 4.2 has implied attributes of
FIXED DECIMALC2,1).
Refer to figure F.4a using the
attributes of the constant as the first
operand and the attributes of FB as the
second operand. This gives the code
reference 5.
In figure F.4d, code
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result2 has attributes FIXED
BINARY (19,7)
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Refer to the rules for FIXED DECIMAL
source to CHARACTER target. The decimal
constant is assigned to an intermediate
string of length 10.
The intermediate string is assigned to
CH, which is padded on the right with two
blank characters.

Target: Coded Arithmetic

Source:
Coded Arithmetic

'rhe four data types FIXED BINARY, FIXED DECIMAL, FLOAT BINARY, and
FLOAT DECIMAL are all coded arithmetic data. Rules for conversion
between them are given under each data type taken as a target.
Howeve'r, the following general points should be noted:
• Small changes in value may occur due to truncation on the right in
conversion from decimal to binary, and between fixed-point decimal
and floating-point decimal •
• If a complex value is converted to a real value" the imaginary
part is ignored. If a real value is converted to a complex value"
the imaginary part is zero,.
PICTURE (numeric character)
Data is first interpreted as decimal with scale and prec1s1on
determined by the corresponding PICTURE specification. The item is
then converted to the base, scale, mode" and precis ion of the target.
See under specific target types of coded arithmetic data using FIXED
DECIMAL or FLOAT DECIMAL as the source.
CHARACTER
'rhe source string must represent a valid ari thmetic constant or
complex expression; otherwise, the CONVERSION condition will be
raised, if enabled. rhe constant can be signed, and can be surrounded
by blanks, but cannot contain blanks between the sign and the value,
or between the end of the real part and the sign preceding the
imaginary part of a complex expression.
J\.

null string gives the value zero.

The constant will have base, scale, mode, and precision attributes .•
It will be converted to the attributes of the target when they are
independent of the source attributes, as in the case of assignment .•
See under specific target types of coded arithmetic data using the
attributes of the constant as the source.
However, if an intermediate target is necessary, as is the case in
evaluation of an operational expression, the attributes of the
intermediate target are those i t would have if a decimal fixed-point
integer of precision (15,0) had appeared in place of the string.
(This allows the compiler to generate code to handle all. cases,
regardless of the attributes of the contained constant.)
consequently, any fractional portion of the constant is lost.
See
under specific target types of coded arithmetic data using FIXED
DECIMAL as the source.
If a character string which represents a complex number is assigned to a
real target, the complex part of the string is not checked for
valid arithmetic characters and CONVERSION will not be raised,
since only the real part of the string is assigned to the target.
BIT
The source string is interpreted as an unsigned binary integer whose
precision is (31,0) if the conversion occurs during evaluation of an
operational expression, or whose precision is (56,,0) if the conversion
occurs during an assignment.
The greater precision allowed for in an
assignment is possible because the compiler can readily determine the
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Source:

Target: Coded Arithmetic
( continued)

BIT (continued)
final target. See under specific target types of coded arithmetic
data using FIXED BINARY as the source.
If the source string is longer than the allowable precision, bits on
the left are ignored; if nonzero bits are lost, the result is
undefined and the SIZE condition will be raised if enabled.
A null string gives the value zero.
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Source:

Target: FIXED BINARY

FIXED BINARY
rrhe binary point alignment is maintained during prec1s10n conversion,
and therefore padding or truncation can occur on the left or the
right.
If nOhzero bits on the left are lost, the result is undefined;
the SIZE condition will be raised, if enabled.
FIXED DECIMAL
If the prec1s10n of the source is (P1,q1), the prec1s10n of the result
is CP2,Q2)' where P2=1+CEILCP1*3.32) and Q2=CEILCQ1*3.32). If the
calculated value of P2 exceeds 31, significant digits on the left may
be lost, this will cause the SIZE condition to be raised, if enabled,
and the re suI t i s undef i ned.
FLOAT BINARY
rrhis conversion can occur only when data is assigned.
The precis ion
conversion is the same as that given for FIXED BINARY to FIXED BINARY
with P1 as declared or indicated and Q1 as indicated by the binary
point position and modified by the value of the expcnent.
FLOAT DECIMAL
'rhis conversion can occur only when data is assigned. The precision
conversion is the same as that given for FIXED DECIMAL to FIXED BINARY
with P1 as declared or indicated and q1 as indicated by the decimal
point position and modified by the value of the exponent.
PICTURE Cnumeric character)
CHARACTER
BIT
See under Coded Arithmetic Target.
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SourcE~

:

Target: FIXED DECIMAL

FIXED BINARY
If the prec1s1on of the source is (p~,q~), the prec1s1on of the result
is fp2,q2), where p2=1+CEIL(p~/3.32) and q2=CEIL(q~/3.32).
FIXED DECIMAL
The decimal point alignment is maintained during precision conversion,
and therefore padding or truncation can occur on the left or the
right. If nonzero bits on the left are lost, the result is undefined~
the SIZE condition will be raised, if enabled.
FLOAT BINARY.
This conversion can occur only when data is assigned. The precision
conversion is the same as that given for FIXED BINARY to FIXED DECIMAL
with p~ as declared or indicated and q~ as indicated by the binary
pOint position and modified by the value of the exponent.
FLOAT DECIMAL
This conversion can occur only when data is assigned. The precision
conversion is the same as that given for FIXED DECIMAL to FIXED
DECIMAL with p~ as declared or indicated and q1 as indicated by the
decimal point position and modified by the value of the exponent.
PICTURE (numeric character)
CHARACTER
BIT
See under Coded Arithmetic Target.
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Source:

Target: FLOAT BINARY

FIXED BINARY
If the precision of the source is (P:l.6Q1) r the precl.sl.on of the result
is P2r where P:a=P1·.
The exponent will indicate any fractional part of
the value.
FIXED DECIMAL
I f the precl. Sl.on of the source is (P11, Q1) r the precl.s l.on of the result
is P:ar where P2=CEIL(p1 *3.32). The exponent will indicate any
fractional part of the value.
FLOAT BINARY
~rhe precision of the resul t may be converted from short to long
precision by padding with zeros on the right, or may be converted from
long to short precision by trlIDcation on the right.

FLOAT DECIMAL
If the precision of the source is (P1,Q1)' the precision of the result
is P:a, where P2=CEIL(p1*3.32).
PICTURE (numeric character)
CHARACTER
BIT
See under Coded Arithmetic Target.
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Source:

Target: FLOAT DECIMAL

FIXED BINARY
If the precision of the source is (p~,q~), the prec1s1on of the result
is P21 where P2=CEIL(p~/3.32). The exponent will indicate any
fractional part of the value.
FIXED DECIMAL
If the precision of the source is (p~,q~), the prec1s1on of the result
is P2, where P2=P~. The exponent will indicate any fractional part of
the value.
FLOAT BINARY
If the precision of the source is
P21 where P2=CEIL(p~/3.32).

(p~),

the precision of the result is

FLOAT DECIMAL
The precision of the result may be converted from short to long
precision h¥ padding with zeros on the right, or may be converted from
long to short precision by truncation on the right.
PICTURE (numeric character)
CHARACTER
BIT
See under coded Arithmetic Target.
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Source:

Target: PICTURE (numeric character)
Upon conversion to numeric character form, the source data acquires
attributes that depend entirely on the known attributes of the target
variable. Any PIcrURE specification implies coded arithmetic data,
which is either FIXED DECIMAL or FLOAT DECIMAL. The following rules
for different source to numeric character target show those target
attributes that are necessary to permit error-free assignment.

FIXED BINARY
If the precision of the source is (P1,q1)' the target must imply,
FIXED DECIMAL (l+x+q-y~q) or
FLOAT DECIMAL ( x)
where x>=CEILCP1/3.32),y=CEIL(q1/3.32), and g>=y.
FIXED DECIMAL
If the precision of the source is (P1,g1)' the target must imply,
FIXED DECIMAL (x+g-pl,q) or
FLOAT DECIMAL (x)
where x>=p and g>=g1.
FLOAT BINARY
If the precision of the source is (P1), the target must imply,
FIXED DECIMAL (p,g) or
FLOAT DECIMAL (p)
where p>=CEILCP1/3.32) and the values of p and g take account of
the range of values that may be held by the exponent of the
source.
FLOAT DECIMAL
If the precision of the source is (P1). the target must imply,
FIXED DECIMAL (p,g) or
FLOAT DECIMAL (p)
where P>=P1 and the values of p and g take account of the range of
values that may be held by the exponent of the source.
PICTURE (numeric character)
The implied attributes will be either FIXED DECIMAL or FLOAT
See the respective entries for this target.

DECIMAL~

CHARACTER:
The source string must represent a valid arithmetic constant; otherwise the
CONVERSION condition will be raised if enabled.
(See Target: Coded Arithmetic).
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Source:

Target: PICTURE (numeric character)
( continued)

BIT
If the length of the source string is (n), the target must imply,
FIXED DECIMAL (l+x+q,q) or
FLOAT DECIMAL (x)
where x>=CEILCn/3.32) and q>=O.
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Source:

Target: CHARACTER

Coded Ari i:hmetic
The arithmetic value is converted to a decimal_constant. The constant
is inserted into an intermediate character-string whose length is
derived from the attributes of the source. The intermediate string is
assigned to the target according to the rules given for CHARACTER to
CHARACTER.
Note that the rules for coded arithmetic to character-string
conversion are also used for list.-directed and data-directed output,
and for evaluating keys (even for REGIONAL files).
FIXED BINARY
The binary prec1s1on (P1,q1) is first converted to the equivalent
decimal precision (p,q), where p=1+CEIL(p1/3.32) and q=CEIL(q1/3.32).
Thereafter the rules are the same as those given for FIXED DECIMAL to
CHARACTER.
FIXED DECIMAL
decimal fixed-point source with precision (p,q) is converted as
follows:

A

1.

If p>=q>=O then:
• The constant is right adjusted in a field of width p+3.
• Leading zeros are replaced by blanks, except for a single zero
that immediately precedes the decimal point of a fractional
number.
• A minus sign will precede the first digit of a negative nurrber.
A positive value is unsigned.
• Unless the source is an integer, the constant has q fractional
digi ts.

2.

If p<q or q<O, a scaling factor is appended to the right of the
constant. The scaling factor has the form:
F{+ I-}nnn"

where {+ I-}nnn has the value of q.

The length of the intermediate string is p+k+3, where k is the
number of digits necessary to hold the value of q (not including
the sign or the letter F).
If
of
or
or

the arithmetic value is complex, the intermediate string consists
the imaginary part concatenated to the real part. The left-hand.,
real, part is generated exactly as a real source. The right-hand,
imaginary, part is always signed, and it has the letter I appended.
']~he generated string is a complex expression with no blanks between
its elements. The length of the intermediate string is:
2*p+7 for p>=q>=O and
2* (p+k)+7 for p<q or q<O.
The following examples show the intermediate strings that are
generated from several real and complex fixed-point decimal values:
precision:
"\7alue
string

(5,0)

2947
, bbbb2947'

Section F:

(4,1)
-121.7
• b-121. 7'

(4,-3)
-3279000
'- 3279F+3'

(2,1)
1.2+0.3I
'bbbl. 2+0. 3I'
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Target: CHARACTER
(continued)

Source:

FLOAT BINARY
The floating-point binary prec1s10n (P1) is first converted to the
equivalent floating-point decimal precision (p), where
p=CEIL(p1/3.32).
Thereafter the rules are the same as those given for
FLOAT DECIMAL to CHARACTER.
FLOAT DECIMAL
A decimal floating-point source with precision (p) is converted as if
it were transmitted by an E-format item of the form E(w,d,s) where:
w, the length of the intermediate string, is p+6.
d, the number of fractional digits, is p-1.
s, the number of significant digits, is p.
An E-format item generates a floating-point decimal constant with a
signed 2-digit exponent (see section E, "Edit Directed Format Items").
If the arithmetic value is complex, the intermediate string consists
of the imaginary part concatenated to the real part. The left-hand,
or real, part is generated exactly as a real source. The right-hand,
or imaginary, part is always Signed, and it has the letter I appended.
The generated string is a complex expression with no blanks between
its elements. The length of the intermediate string is:
2*p+13.
The following examples show the intermediate strings that are
generated from several real and complex floating-point decimal values:
precision:
value
string

( 5)

(5)

(3)

1735*10**5
'b1.7350E+08'

-.001663
'-1. 6630E-03'

'b1.00E+00'

precision:
value
string

17.3+1.5I
'b1.7300E+01+1.5000E+OOI'

1

( 5)

PICTURE (numeric character)
A real numeric character field is interpreted as a character string
and assigned to the target string according to the rules given for
CHARACTER to CHARACrER. If the numeric character field is complex.
the real and imaginary parts are concatenated before assignment to the
target string.
Insertion characters will be included in the target string.
CHARACTER
The source string is assigned to the target string from left to right.
If the source string is longer than the target, excess characters on
the right are ignored, and the STRINGSIZE condition will be raisedw if
enabled. If the target is longer than the source, the target is
padded on the right with blanks.
BIT
Bit 0 becomes character 0 and bit 1 becomes character 1. A null bit
string becomes a null character string. The generated character
string is assigned to the target string according to the rul es given
for CHARACTER to CHARACTER.
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Source:

Target: BIT

Coded Ari 1:hmetic
If necessary, the arithmetic value is converted to binary and both the
sign and any fractional part are ignored.
(If the arithmetic value is
complex, the imaginary part is also ignored.) The resulting binary
integer is treated as a bit string. It is assigned to the target
according to the rules given for BIT to BIT.
FIXED BINARY
If the precision of the source is <p,q), the length of the
intermediate bit string is given by:
MI N( 31,

(p- q) ) •

If (p-q) is negative or zero, the result is, a null bit string.
The following examples show the intermediate strings that are
generated from several fixed-point binary values:
precision:
value
string

(1)

( 3)

1

-3
'Oll'B

'l'B

(4,2)
1.25
'Ol'B

FIXED DECIMAL
If the precision of the source is (p,q), the length of the
intermediate bit string is given by:
MIN(31,CEIL(Cp-q)*3.32».
If (p-q) is negati ve or zero, the result is a null bit string.
The following examples show the intermediate strings that are
generated from several fixed-point decimal values:
precision:
value
string

(1)

1

'OOOl'B

(2,,1)
1.1
'OOOliB

FLOAT BINARY
If the precision of the source is (p), the length of the intermediate
hi t string is gi ven by:
MINC31,p).
FLOAT DECIMAL
If the precision of the source is Cp), the length of the intermediate
bit string is gi ven by:
MIN(31,CEILCp*3.32».
PICTURE (numeric character)
Data is first interpreted as decimal with scale ahd prec~s10n
determined by the corresponding PICTURE specification. The item is
then converted according to the rules given for FIXED DECIMAL or FLOAT
DECI MAL to BI T.
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Source:

Target: BIT
(continued)

CHARACTER
Character 0 becomes bit 0 and character 1 becomes bit 1. Any
character other than 0 or 1 will raise the CONVERSION condition, if
enabled. A null string becomes a null bit string. The generated bit
string" which has the same length as the source character-string, is
assigned to the target according to the rules given for BIT to BIT.
BIT
The source string is assigned to the target string from left to right.
If the source string is longer than the target, excess bits on the
right are ignored, and the STRINGSIZE condition will be raised, if
enabled. If the target is longer than the source, the target is
padded on the right with zeros.
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Precision of the result
Code

Attributes of result
p=15

FIXED DECIMAL (p,q)

1

p=1+MAX(Pl-q, ,Pr q1) + q
q=MAX (ql ,q2)

2

FIXED BINARY (p,q)

3

FLOAT DECIMAL (pI

4

FLOAT BINARY (p)

5

FIXED BINARY (p,q)

DIVISION

MULTIPLICATION

ADDITION or SUBTRACTION

P~PI -I- Pc + 1
q=ql + q2

q~15·((pl-ql)+q~1

p=31
q=31· ((PI -ql) + q11

p=MAX (PI, P:! I
p=l + MAX (r - 5, P2 - q2) + q
q= MAX (5, q2 I

p=1+r+P2
q=s + q2

p=31
p=31 - ((r -5) +q2)

where r = 1 + PI * 3.32,5 = ql *3.32

6

FLOAT BINARY (p)

7

FIXED BINARY (p, q)

p=MAX (PI *3.32, P2)
p=l + MAX (PI - ql, r - s) + q
q=MAX (ql, s)

p=l + PI + r
q=ql + s

p=31
p=31- ((PI -ql) +s

where r = 1 + P2 "3'32 and s=q2 "3'32

8

FLOAT BINARY (pI

p""MAX (PI, P2 *3.32)

-

Figure F.4c. Result table for ADDITION, SUBTRACTION, MULTIPLICATION, and DIVISION

Code
1

2

3

4

Attributes of result
FLOAT DECIMAL (p)
[unless special case A or C applies)
p = MAX (PI, P2)

Special cases (see also Note below)
Case

First Operand

A

FIXED DECIMAL
(PI.ql)

Unsigned integer
constant with value n

FIXED DECIMAL (p, q)
[provided P = 15]
p = (PI + 1) *n • 1
q = ql "n

B

FIXED BINARY
(PI, ql I

Unsigned integer
constant with value n

FIXED BINARY (p, ql
[provided p
= 31 J
p = (PI + 1) "n - 1
q = PI "n

FLOAT
(PI)

FIXED
(P2. 0)

FLOAT (PI)
with base of first operand

Second Operand

FLOAT BINARY (p)
[unless special case B or C applies]

Attributes of result

<

p = MAX (PI. q2)

5

7

6

8

FLOAT BINARY (p)
[unless special case A or C applies]
P = MAX (PI "3'32. P21
FLOAT BINARY (p)
[unless special case B or C applies]
p = MAX (PI. (P2 "3'32))

C

<

Note: There are further special cases of x ** y, as follows:
Real mode:
If x = and y >0, result is
If x = and y
= 0, ERROR condition is raised
If x <0 and y not FIXED (p, A), ERROR
condit ion is raised

a
a

<

a

Complex mode:
If x = 0, and real part of y >0 and
imaginary part of y = 0, result is
If x = a and real part of y
= 0 or
imaginary part of y.., = O. ERROR condition
is raised
If x., = and real and imaginary parts of
y = 0, result is 1

<

a

a

Figure F .4d. Result table for EXPONENTIATION·
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Tables for Comparison Operations

Second operand

These tables show the attributes to which the two operands of a comparison operation are converted before they are compared.
They·also show the type of comparison that is made.

FIXED

Refer first to figure F .5a. Find the entry in this table that corresponds to the two operands in the expression to be evaluated;
the entry will consist of two numbers separated by a comma. The numbers refer to the entries in figure F .5b; these indicate
the attributes to which each operand is converted. The first number gives the attributes to which the first operand is converted,
and the second number those for the second operand. For example, consider the following comparison, with variables being
declared as shown.

Maximum Precisions for Arithmetic Data
Figure F.5b gives formulas for the calculation of precisions. The actual precision values can never exceed the implemented
maximums, which are:
31 for FIXED BINARY
15 for FIXED DECIMAL
53 for FLOAT BI NARY
16for FLOAT DECIMAL

CHARACTER (n2) BIT (n2)

BINARY
(P2,Q2)

DECIMAL
(P2)

BINARY

DECIMAL
(PI,Qd

1,1

4,1

5,1

8.1

1,10

5,11

1,12

4,13

BINARY
(Pt.QI)

1,4

1,1

7,6

7,1

1,4

7,6

1,13

1,13

DECIMAL
(PI)

1,5

6,7

1,1

6,1

1,5

1,11

1,14

6,9

BINARY
(PI)

1,8

1,7

1,6

1,1

1,8

1,6

1,15

1,9

Fixed-point

10,1

4,1

5,1

8,1

*10.10

5,11

10,12

4,13

Floating-point

11,5

6,7

, 1,1

6,1

11,5

*11,11

11,14

6,9

CHARACTER (nl)

12,1

13,1

14,1

15,1

14,11

2,2

2,2

BIT (n1)

13,4

13,1

9,6

9,1

9,6

9,2

3,3

Coded
arithmetic
FLOAT

In figure F .5a, the entry corresponding with a first operand having the CHARACTER attribute and a second operand having
the attributes FIXED BINARY is the two numbers 13,1. Entry 13 in figure F_5b shows attributes FIXED BINARY (31,0),
which indicates that ITEM is converted to coded arithmetic form with these attributes. Entry 1 in Figure F .5b is "No conversion", indicating that STANDARD is not converted. Both entries show that the comparison will be algebraic. (The two
entries in figure F .5b will always show the same type of comparison). The tables indicate, then, that ITEM will be converted
to FIXED BINARY (31, 0) and will then be compared algebraically with STANDARD whose attributes remain FIXED
BINARY (15,0).

FLOAT

DECIMAL
(P2,q2)

FIXED

DECLARE ITEM CHARACTER (5),
STANDARD FIXED BINARY (15,0);

IF ITEM-,=STANDARD THEN DO;

Numeric
character
(PICTURE)

Coded arithmetic

First
operand
Numeric
character
(PICTURE)

(P2)

Fixedpoint

12,10
13,4

Floatingpoint

If one operand is COMPLEX and the other is REAL, the REAL operand is converted to COMPLEX before the comparison is made.

*

For the optimizing compiler only, if both operands are numeric character form and have identical PICTURE specifications, the
type of comparison is character and no conversion of operands takes place.

Figure F .5a. Master table for comparison operations

Code

Type of
Attributes of comparison target
comparison

1

Algebraic

No conversion

2

Character

CHARACTER (MAX (n\, n2 I') where (n\ ) and (n2) 'are the lengths of the first and second operands, respectively,

3

Bit

BIT (MAX (n \. n2)) where (n\ ) and (n2) are the lengths of the first and second operands. respectively

4

Algebraic

FIXED BINARY (1+p*3'32. q*3'32) where (p,q) is prec(sion of operand being converted (If operand is in numeric
character (PICTURE) form, see Note 1)

5

Algebraic

FLOAT DECIMAL (p) where (p,q) is precision of operand being converted (If operand is in numeric character (PICTURE)
form, see Note 1 )

6

Algebraic

FLOAT BINARY (p*3'32) where {pI is precision of operand being converted (If operand is in numeric character
(PICTURE) form, see Note 1)

7

Algebraic

FLOAT BINARY (p) where (Po q) is precision of operand being converted (If operand is in numeric character (PICTURE)
form. see Note 1 )

8

Algebraic

FLOAT BINARY (p*3'32) where (p, q) is precision of operand being converted (If operand is in numeric character
(PICTURE) form, see Note 1)

9

~Igebraic

FLOAT BINARY (31)

10

Algebraic

FIXED DECIMAL (Precision same as implied by PICTURE specification of operand being converted)

11

Algebraic

FLOAT DECIMAL (Precision same as implied by PICTURE specification of operand being converted)

12

Algebraic

FIXED DECIMAL (15,0)

13

Algebraic

FIXED BINARY (31, 0)

14

Algebraic

FLOAT DECIMAL (15)

15

Algebraic

FLOAT BINARY (50)

16

Algebraic

FLOAT DECIMAL (10)

Note 1: If the operand being converted is in numeric character form, its precision is that which is implied by the PICTURE specification,

Figure F ,5b, Types of comparsion operation and targets
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Tables for Arithmetic Operations
Second Operand
Coded arithmetic
FIXED

These tables indicate the attributes of the result when a two-operand arithmetic expression is evaluated, together with any
conversions to temporary attributes which take place during evaluation. To find the attributes of the result and to determine
what intermediate conversions, if any, take place, proceed as follows:
1. Refer to figure F.4a. Find the entry that corresponds to the operands in the expression to be evaluated. The entry
consists of either a number, or one or two letters, or a number followed by one or two letters in brackets. The numbers
are used to determine the attributes of the result and the letters to determine the intermediate conversions. Where there
are no letters, no intermediate conversions take place; where there are letters and numbers, the reader has the choice of
either determining the attri~utes of the result without reference to the intermediate conversions, or of working through
each intermediate conversion_
2. a_ If the entry in figure F.4a consists of a number only, refer to Figure F.4c or F.4d, whichever is appropriate to the
operation being performed, and read off the attributes against the number that was found in figure F .4a. These are
the attributes of the result.
b. If the entry in figure F.4a consists of a letter or letters only, the reader must determine the attributes of each intermediate operand before he can determine the attributes of the result. This is done by looking up the corresponding
entry in figure F.4b, then looking up the source to target rules indicated there; the source to target rules will give the
intermediate attributes. Steps 1 and 2 are then repeated using the intermediate attributes. Where an entry in figure
F.4a consists of two letters separated by a comma the first refers to the intermediate attributes of the first operand,
and the second to those of the second operand.
c. If the entry in figure F.4a consists of a number followed by a letter or letters in brackets, either use the number to
find the attributes of the result directly, according to the instructions in Step 2 (a) or follow through the intermediate
conversions, according to the instructions in Step 2 (b). The latter method is likely to be of greatest value when debugging,
the former when writing the program.
Note: The letters referring to intermediate operands do not apply when an exponentiation operation is to be
performed; this table cannot be used to determine intermediate operands for exponentiation operations.

DECIMAL

Numeric character
(PICTURE)

FLOAT

CHARACTER (n~) BIT 1n:)

DECIMAL

BINARY

DECIMAL

BINARY

(P2,Q2 )

(P2,Q2 )

(P2 )

(P2 )

Fixedpoint

Floatingpoint

1

5(b)

3(c)

6(d)

w

Y

w

x

7(x)

2

8(d,z)

4(d)

w

Y

w

x

3(y)

6(d,z)

3

6(d)

w

y

w

x

8(z)

4(z)

8(z)

4

w

y

w

x

a

a

a

a,w

a,Y

a,w

a,x

c

c

c

C,W

c,Y

c,W

c,X

CHARACTER (n\)

a

a

a

a

a,w

a,Y

a,w

a,x

BIT (nl)

b

b

b

b

b,w

b,Y

b,w

b,x

(PI ,Ql)

FIXED
BINARY
(PI,qd

Coded
arithmetic

DECIMAL
FLOAT

(PI)

BINARY

First
Operand

(PI)

Numeric
character
(PICTURE)

Fixed-paint
Floating-point

a
c

To determine whether mode of result is REAL or COMPLEX:
If both operands are REAL, there is no conversion of mode and the result is REAL.
If both operands are COMPLEX, there is no conversion of mode and the result is COMPLEX.
If one operand is .REAL and the ot~e~ is C?MP~EX, the REAL operand is converted to COMPLEX and the result is COMPLEX, with two exceptional
~ases. The exceptl.ons are exponentiations In which the second operand (the exponent) is either a FIXED (p,O) variable or a fixed-point decimal
Integer constant: In these cases, no conversion of mode takes place prior to evaluation but the result is COMPLEX.

Figure F .4a. Master Table for arithmetic operations

Maximum Precisions of Arithmetic Data

Figures F .4c and F.4d give formulas for the calculation of precisions. The actual precision values can never exceed the
implemented maximums, which are:
31 for FIXED BINARY
15 for FIXED DECIMAL
53 for FLOAT BINARY
16 for FLOAT DECIMAL
First Operand
Code
a
b
c
d

Second Operand
Code
w
x
Y
z

Figure F .4b. Key to conversions

Target
FIXED DECIMAL
FIXED BINARY
FLOAT DECIMAL
FLOAT BINARY

Section G: Built-in Functions and Pseudovariables

All of the built-in functions that are
available to the programmer are given in
this section and are presented in
alphabetical order. Any built-in function
that can also be used as a pseudovariable
has a subentry describing the action of the
pseudovariable.
The general form of a built-in function
reference is as follows:
function name [(x) I (X1" X;ae •• ,xn)]

String-handl~~uilt-in

Functions

These functions simplify the processing of
bit and character strings. They are:
BIT
BOOL
CHAR
HIGH
INDEX
LENGTH
LOW

REPEAT
STRING
SUBSTR
TRANSLATE
UNSPEC
VERIFY

where x or X1,X;a ••• ,Xn represent the
argQments required. For some functions one
or more arguments are optional.
For
example:
Arithmetic Built-In Functions
Each function in the alphabetical list is
identified by the general form of the
function :reference (the pseudovariable
reference is always identical to the
equivalent function reference). In
general, each function description has the
following items:
1.

A description of the value returned.

2.

Details of the arg uments.

3.

Any other qualifications on the use of
the :function.

4.

When applicable, a description of the
action of the equi valent
pseudovariable.

These functions allow the programmer to
control conversion of base, scale, mode,
and precision both directly and during
basic arithmetic operations. Other
functions in this class are used to
investigate simple properties of arithmetic
values, for example, the SIGN function
indicates the sign of an arithmetic value,.
They are:
ABS

IMAG

ADD
BINARY
CEIL
COMPLEX
CONJG
DECIMAL
DIVIDE
FIXED
FLOAT
FLOOR

MAX

MIN
MOD
MULTIPLY
PRECISION
REAL
ROUID
SIGN

TRUNe

CLASSIFICATION OF BUILT-IN FUNCTIONS
Mathematical Built-In Functions
The built··in functions can be classified
according to the PL/I features they are
intended 1:0 serve. These classes are:
St ring- handl ing
Arithmetic
Mathematical
Arra y- handling
Condition-handling
Storage Control
Multitasking
STREAM Input/Output
DATE and TIME functions
The first four classes are all
computational built-in functions.

section G:

These functions provide standard
mathematical operations. They are:
ACes
ASIN
ATAN
ATAND
ATANH
COS
COSO
COSH
ERF
ERFC
EXP

LOG
LOG2
LOG10
SIN
SIND
SINH
SQRT

TAN
TAND
TANH
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ArraY-Handling Built-In Functions

COUNI'
LINENO

rhese functions all operate on array
arguments and return a single value
property of an array. They are:
CONVERSION OF ARGUMENTS
ALL
ANY

DIM
HBOUND

LBOUND
POLY
PROD
SUM

Condition-handling Built-In Functions
rhese functions allow the programmer to
investigate interrupts that arise from
enabled conditions. Each of the functions
returns a value that is defined only within
the scope of an on-unit that can be entered
for the condition specific to the built-in
function or within the scope of an on-unit
for the ERROR or FINISH condition when
raised as standard system action. They
are:
DATAFIELD
ONCHAR
ONCODE
ONCOUNT

ONFILE
ONKEY
ONLOC
ONSOORCE

Storage Control Built-In Functions
These functions return special values
concerning based or controlled variables,
or identify the location of based
variables. They are:
ADDR
ALLOCATION
EMPTY

NULL
OFFSET
POINl'ER

Multi t~asking Built-In Functions
These functions allow the programmer to
investigate the current state of an event
variable.
They are:
COMPLETION
PRIORITY
STATUS

Stream Input/Output Built-In Functions
These functions allow the programmer to
invest:igate the current state of a file.
They are:
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Conversion of arguments can occur for many
of the built-in functions.
Arguments to
these built-in functions can be operational
expressions.
An expression argument, which
can include references to built-in
functions, is evaluated and converted,
according to the rules for data conversion,
to a form suitable for the built-in
function. The data type required by each
argument is given in each function
description.

String-handlin~~!lt-In

Functions

Some of these functions require arithmetic
as well as string arguments. The
arithmetic arguments denote the length of a
string and therefore should be integer or
capable of being converted to integer. The
string arguments can be represented by an
arithmetic expression that will be
converted to string either according to
data conversion rules or according to the
rules given in the function description .•
The programmer should ensure that the
conversion will cause the function to
operate on the string type he requires.

Arithmetic Built-In Functions
Some of these functions derive the data
type of their results from one or more
arguments. When the data types of the
arguments differ, they are converted
according to the following scheme: if
scales differ, fixed-point is converted to
floating-point; if bases differ, decimal is
converted to binary; and if modes differ,
real is converted to complex. These rules
are applied after any string-type arguments
have been connected to arithmetic. When a
data a ttribute of the result cannot agree
with that of the argument" for example, the
FLOOR built-in function, the rules are
given in the function description.
The symbol N is used to represent the
maximum precision allowed for fixed-point
results. The value of N is defined as:

15
31

for FIXED DECIMAL
for FIXED BINARY

Mathematical Built-In Functions

Array-handling Built-In Functions

floating-point arguments are given in
figure G.l. They are derived from random
distribution of 5000 arguments per range.,
generated to be either uniform or
exponential, as appropriate. The values
for extended precision floating-point
argumen ts are given in fi gure G.2. They
are derived from 2000 randomly-distributed
arguments, generated to have one of the
four types of distribution noted at the
foot of each part of the figure.

Any conversion of arguments required for
these functions is noted in the function
description.

Note that, in both figures, each value
quoted for the maximum error refers to a
particular sample and should be regarded
only as a guide to the true maximum error.

ACCURACY OF THE MATHEMATICAL FUNCTIONS

Maximum and RMS values are given for
short, long, and extended floating-point
results.

All of these functions operate on floatingpoint values to produce a floating-point
result and therefore, if any argument is
not floating-point, it will be converted.

The accuracy of a result is influenced by
two factors:
1.

The accuracy of the argument.

2.

The performance of the algorithm.

Maximum and RMS values for the relative
or (where necessary) the absolute errors
are given for each function range. These
are defined as follows:
Let f(x)

Most argwnents contain errors. An error in
a given argument may have accumulated over
several steps prior to the evaluation of a
function.
Even data fresh from input
conversion may contain slight errors.
The
effect of argument error on the accuracy of
a result depends solely on the nature of
the mathematical function and not on the
algorithm that computes the result.
Errors
of this type are not discussed further in
this publication.

= the true value for the
function

g(x) = the calculated value for the
function
Then the absolute error of the result is
ABS (f ( x) -g (x) )
and the relative error of the result
is
ABS«f(x)-g(x»/(f»

Performance statistics for each
mathematical function are given in figures
G.1 and G.. 2.
The values are based on the
assumption that the arguments are free from
error.

Let the number of sample results obtained
be n~ then the RMS of the absolute error
is:

For each function, accuracy values are
given for the valid argument range or
representative segments of" it.
In each
case the particular statistics given are
the most meaningful to the function and
range under considera tion.

and the RMS of the relative error is

SQRT(~(f(x)-9(X»*.2)/n)

SQRT(~((f(x)-9(x»/f(x».*2)/n)

AGGREGATE ARGUMENTS
For example, the root-mean-square(RMS)
of the relative error and the maximum
relative error of a set of results are
generally useful and revealing statistics,
but are useless for the range of a function
where its value becomes zero~'the slightest
error of t:he argument value can cause an
unbounded fluctuation in the relative
magnitude of the result.
Such is the case
with SIN(x) for values of 'x' close to pi;
in this range it is more appropriate to
discuss absolute errors.
The values for short and long precision

Section G:

The only functions that can accept
structure arguments are ADDR, ALLOCATION,
and STRING.
All built-in functions that can have
arguments can have array arguments. But
whereas ADDR. ALLOCATION. STRING, and the
array-handling functions return single
values. all other functions return an array
of values. Thus for functions such as
SUBSTR. anyone of the arguments can be an
array (if more than one is an array. the
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bounds must be identical). rhis facility
is equivalent to placing the function
reference in a do-loop where one or more
arguments is a subscripted array reference
that is modified by the control variable.

NULL ARGUMENTS
A number of built-in functions do not

require arguments.
It should be noted that
the functions must either be explicitly
:1eclared with the BUILTIN attribute or
contextually declared by including a null
argument list in the function reference,
for example, ONCHAR(). Otherwise, the name
cannot. be recognized by the compiler as a
built-in function name.

PSEUOOVARIABLES

certain built-in functions can be used to
represent receiving fields.
In this form
they are pseudovariables. Except when
noted in the description of the
pseudovariable, it can appear on the left
of the equal sign in an assignment or DO
statement: it can appear in a data list of
a GET statement: and i t can appear as the
string name in a KEYTO, STRING, or REPLY
option.
Since all pseudovariables are also
built-in functions, only a short
description is given in the relevant
function description.

The flIDctions without arguments are:
DATAFIELD
DATE
EMPTY
NULL
ONCHAR
ONCODE
ONCOUNT
ONFILE
ONKEY
ONLOC
ONSOURCE
PRIORITY Cwhen optional
argument for pseudovariable
omitted,.
STATUS Cwhen optional
argument omitted)
TIME
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Note that pseudovariables cannot be
nested: for example, the following
statement is invalid:
UNSPECCSUBSTRCA,1,2)) = 'OO'B:
The pseudovariables are:
COMPLETION
COMPLEX

I MAG
ONCHAR
ONSOURCE
PRIORITY

REAL
STATUS
STRING
SUBSTR
UNSPEC

r----------------------------------------------------------------------------------------,
1
1
1 Short Floating Point 1 Long Floating Point
Function
Name

11 Argument 11
1
Mode 1
11
11

1------------------------------------------1
Relative Error
1
Relative Error
1
*10**8
/
*10**17
1------------------------------------------1
RMS
I
MAX
1
RMS
1
Max

Range

---------.------------------------------~------------------~----------~--~-~------------

I real

ACOS(x)

ASIN(x)

-------..
ATAN(x)

I ABSCx):50.5

1

43

I

88

I

7.2

I

20

ABS(x):50.5

1

10

1

54

1

4.4

1

21

11

1--------------------------------------------------------------I 0.5<ABSCx):51
I
16
I
89
I
6.6
1
21

1 real

I

1

1-----------+--------------------------------------------------0.5<ABS(x):51
26
94
5.9
21

1

1

1

I

1

1

---------------~---------------------------- ----------------------------------

1

1

real

1 ABSCx)<l
I
13
J
90
I
4.1
1
21
I---~----------------------------·-----------------------------1 full rarqe 2
1
25
/99
/
5.2
I
17

1

1------------------------------------------------------------------------1 complex 1 full rarqe
1
21
1
110
1
5.2
1
44
2

ATAN(X16 X2)

1 ABS (x 1 ):51,

1 real

1 ABS(x2):51 2

1

AT AND (x)
ATANHCx)

1

29

160

6.9

36

similar to real ATANH(x)

1 real

1 ABSCx):50.2

11

1

46

1

110

1

1

1--------------------------------------------------------------1 ABSCx)<0.9
1
39
1
120
1
1

11
1--------------------------------------------------------------1 ABS Cx):50. 25
1
1
1
5.8
1
21
11
1--------------------------------------------------------------1 ABS(x):50.95
1
1
1
9.0
1
25
1---------------_·_------------------------------------------------------1 complex 1 full range 2
1
22
1
120
1
5.6
1
41
---------.--------~----------------------------------- ----------------------------------

COS (x)

real 1

1

O:5X:5pi

1

4.7

1

12

1

1

41

1

96

1

7.3

1

27

1--------------------------------------------------------------1 -10:5x<0,pi<x:510
1
4.6
1
12
1
6.9
1
27
11
1--------------------------------------------------------------1 10<ABS(x):5100
1
4.6
1
12
1
100
1
270
1------------------------------------------------------------------------1 complex 1 ABSCa):510,ABSCb):511
120
1
320
1
31
1
380
3

cOSD(x)
cOSHCx)

1 similar to real cOSCx)

11
11

1 real

1 ABSCx):51

11

11

1 ABSCx):517

1

1--------------------------------------------------------------1 1<ABSCx)<2
1
21
1
72
1
1
1--------------------------------------------------------------1 ABSCx):5170
1
20
1
82
1
1
1--------------------------------------------------------------1
1
1
11
1
39

1--------------------------------------------------------------1
1
1
11
1
38

1 ABS ( x) :5 5

1------------------------------------------------------------------------1 complex 1 ABSCa):510,ABSCb):511
97
1
310
1
25
1
73
3

1 RMS and Max values given are absolute errors.
2 All these ranges are distributed exponentially; all other distributions are uniform.
3 Where (a+i*b) represents x.

L--------.----------__________________________________ -----------------------------------J
Figure G.l (Part 1 of 3). Performance of the mathematical built-in functions with
short and long precision floating-point arguments
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r-----·-----------------------------------------------------------------------------.----,
1
1
1 Short Floating Pointl Long Floating Point
Function
Name

11 Argument I1
1
1

Mode

I
ERF(x)

real

Range

I

1------------·-----------------------------I
Relative Error
1
Relative Error

1
1

I
*10**8
I
*10**17
1------------------------------------------1
RMS
1
MAX
I
RMS
1
Max

I ABSCx):51

I

11

I

85

I

2. 04 <AB S (x ) < 6. 092 1
ERFC(x)

real

2.6

1

19

1--------------------------------------------------------------I 1<ABSCx)<2.04
I
3.7
1
11
1 0.95
1
2.9
1-----------_·_------------------------------------------------I 2.04<ABS(x)<3.91921
3.5
1
6.0
I
1
-3.8<x<0

1.4

0.80
30

94

-6<x<0

I

6.5

1

9.1

1

21

--------------------------------------------------------------0:5x:51
13
69
1
2.7
1
15
----------------------_.--------------------------------------1<x:52.04

1

37

200

43

--------------------------------------------------~--- ---------

2.04<x<4

1

4:5x<13.3
EXP (x)

real

37

130

8.7

33

820

1500

200

350

13

1

44

I

I

65

1
1

I

1

240

1

1

I pi/2<ABS(b):520

I

63

1

230

1

1

1 ABS(b)<pi/2

1

1

1

19

1

62

I ABS(b)<20

1

1

1

20

I

82

I excluding

1
1

1
1

5.5

1
1

34

1 -l<x<l

1

5.4

1

21

1--------------------------------------------------------------I full range
I
12
1
46
I
4.7
1
43

complex 1 ABS( a) :5170
1 ABS (b) :5pi/2

I

1--------------------------------------------------------------1 ABSCa):5170,
1
1
1
1
1--------------------------------------------------------------1 ABS ( a) <1
1
I
1
I
1--------------------------------------------------------------1 ABS (a) <20
I
1
1
1

LOG (x)

real

1 0.5<x<2.02

12

1
1

84

1--------------------------------------------------------------1
10.5<x<2.0S.
1
2.5
1
6.8
1
2,.4
1
4.7
1------------------------------------------------------------------------1 complex 1 full range 2
1
38
1
190
I
13
1
53
--------------------------------------------~--------- ---------------------------------

LOO2 (x)

1 real
1

1I

1 excluding
1 0.5<x<2.02

1
1

34

1
1

98

1
1

8.8

1
1

43

1--------------------------------------------------------------1 0.5<x<2.01
1
23
1
48
1
2.9
1
5.8

----_._----------------------------------------------- ---------~----------------~-------

LOG10 (x)

1 real

I

11

1 excluding
1 0.5<x<2.02

I
1

I

22

I

110

1
1

6.6

I
1

32

1--------------------------------------------------------------I 0.5<x<2.0S.
1
2.3
I
7.2
1
1,.2
I
2.9

1 RMS and Max values given are absolute errors.
2 All these ranges are distributed exponentially: all other distributions are unifonn.
3 Where (a+i*b) represents x.

L---------------------------------------__________ . ___ -_________________________________
Figure G.1 (Part 2 of 3). Performance of the mathematical built-in functions with
short and long precision floating-point arguments
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r--------··-------------------------------------------------------------------------~----,

1
1
1
1

Function
Name

11

1
1
Argument 1
Mode 1

1 Short, Floating Point 1 Long Floating Point
1------------------------------------------1
Relati ve Error
1
Relative Error
1
*10**8
1
*10 **17

Range

1

1

1------------------------------------------1
RMS
1
MAX
1 RMS
1
Max

1 real1.

1 ABS(x)spi./2

1

11

1 10<ABS(x)S100

---------------------------------------------------------------------------------------SIN(x)

11

4.8

1

12

1

1.8

1

7.7

1--------------------------------------------------------------1 pi/2<ABS(x)S10
1
4.6
1
13
1
32
1
240

1--------------------------------------------------------------1
4.6
I
12
I
93
I
270

1------------------------------------------------------------------------I complex 1 ABS(a)S10,ABS(b)Sll
120
I
340
I
200
1 11000
3

I similar to real SIN (x)

SIND(x)

'-------------SINH(x)

---~----- -----------------~----------------------------------------~----

real

ABS(x)Sl

20

I

88

1<ABS(x)<2

25

I

100

--------------------------------------------------------------I

ABS(x)S170

20

82

--~---------~----------------------------------------- ---------

1

ABp(x)S17

1

10

36

1

3.7

20

10

35

--------------------------------------------------------------ABS(x)<0.881374

0.881374<ABS(x)S5

I

complex I ABs(a)SlO,ABS(b)Sll

88

I full range 2

13

270

23

1

64

3 .. 1

I

11

--------_._----------------------------------------------------------------------------SQRT (x)

I real

1

1

48

I

1-------------'-----------------------------------------------------------I complex I full range
I
54
I
220
I
13
1
49
2

---------------------TAN(x)
real~

--------------------------------------------------~--- ---------

ABS(x)spi/4

I

pi/4<ABS(x)<pi/2

29

I

37

160

6.2

32

31

47

230

7800

1 47000

7800

I 27000

480

1.5<ABS(x)S10
10<ABs(x)S100

39

150

pi/4<ABS(x)<1.5
pi/2<ABS(x)S10

I

I

140

---~------------------------.-----------------------~- -------------------

complex 3 1 ABS( a) <1,ABS(b) <9 1

TAND(x)
TANH (x)

53

1

290

15

I

78

17

71

I similar to read TAN (x)
I real

11
11
1
,1

I ABS(x)SO.7

1

I S;;20.101

I

1

1

1--------------------------------------------------------------1 O. 1 <ABS (x ) S 9. 011 I
3•9
1
2•3
I
I
1--------------------------------------------------------------I ABS(x)SO.54931
I
I
I
3.8
1
19
1--------------------------------------------------------------1 0.54931<ABSCx)
I
I
I
1

I

1

1

1.0

I

16

1----------------------------------------·-------------------------------1 compiex 1 ABS Ca) <9 ,ABS (b) <1 1
52
1
270
1
17
1
69
3

~

Each f:igure here depends on the particular points encountered near the singularities
of the function, where no error control can be maintained.

L------------------------------------------------------_________________________________
Figure G.l (Part 3 of 3). Performance of the mathematical built-in functions with
short and long precision floating-point arguments
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r----·-----------------------------------------------------------------------------------,
1
1
1
1 Relati ve Error *10**34
1I Function
1
Argument 1
Range
IDistribution 1----------------------------Name
1
Mode 1
1
Type
I
1

1
1
1

1
I

1
1

I(see foot of J
I
table)
1

RMS

1
I

Max

1----------------------------------------------------------------------.---------------I ACOS (x)
I real
1 ABS (x):sl
1
U
I
9.9
I
32
I----··--------------------~------------------------------------------------------------1 ASINCx)
1 real
I ABS(x):Sl
1
U
1
8.1
1
32

1---------------------------------------------------------------------------------------ATAN(x)
1 real
1 ABS(x)<10**75
1
T
1
7.3
1
30
1------------------------------------------------------------------------1 complex 1 full range
1
EU
I
12
I
170
2

AT AN (X1,X2)

1 real

I full range

EU

1

8.5

U

I

8.6

38

---------------------------------------------------------------------------------------ATANH(x)

I real

1I

I ABS(x)<0.25

1

1

28

1-------------·------------------------------------------------1 ABS(x):S0.95
1
U
I
18
1
50

1------------------------------------------------------------------------1 complex 2 1 full range
1
EU
I
11
1
59
-----.-------~-----------------------------------------------------~--------------------

COS (x)

COSH (x)

ERF(x)

1 0:sx<pi 1

1

U

1

1

1 ABS(b)<l

1

U

1

1 real

1 ABS (x) <10

1

U

I

I

1 ABS(b)<l

1

U

1

1 real

1

1

U

1

real

1.5

I

3.3

1--------------------------------------------------------------1 -10<x<0,pi:sx<10 1 1
U
1
1.6
1
3.5
1--------------------------------------------------------------1
1 10:$ABS(x)<200i.
1
U
1
1..6
1
3.5
1------------------------------------------------------------------------1 complex 2 1 ABS(a)<10
1
U
1
24
I
62
I
1
15

1

61

1------------------------------------------------------------------------I complex 2 1 ABS(a)<10
1
U
1
20
I
67

11
I
1

ABS(x)<l

1
5.3

1

30

1--------------------------------------------------------------1 1:SABS(x)<2.8437
1
U
1
2.3
1
9.2
1--------------------------------------------------------------12.8437:SABS(x)<5
I
U
I
1.3
1
1.9

----~-------------------------~---------------------------------------~----------------

ERFC (x)

1 real

11
I
1
11

1 -5<x<0

I

U

I

12

1

31

1----------------------------·---------------------------------1 O:sx<l
1
U
1
5.8
1
33
1--------------------------------------------------------------1 1:sx<2.8437
1
U
1
28
I
77
1--------------------------------------------------------------1 2.8437:sx<5
1
U
1
180
1
490

1RMS and Max values are for absolute errors
E exponential
U uniform (linear)
T tangents of linearly-scaled
angles in (-pi/2,pi/2)

2Where x=a+i*b
EU a+i*b=r*EXPCi*k) where x=a+i*b
or (ATAN only) xi. =a, x2=b., and:
r has E distribution in (0,10**75)
k has U distribution in (-pi,pi)

L-----.-----------------------------------------------___________________________________
Figure G.2 (Part 1 of 3).
Performance of the mathematical built-in functions with
extended-precision floating-point arguments
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r---------------------------------------------------------------------------------------,
I
I
I
1 Relative Error *10**34
Function
1 Argument 1
Range
IDistribution 1----------------------------Name
1
Mode 1
1
Type
1
1
--------.----EXP(x)

1

1

1

1

1 (see foot of 1
1
table)
1

RMS

1

Max

1

----------------------------------------------------~- -------------------

real

1 ABS(x)<l

1

U

1

4.3

1

1
1

U
U

1

1

1
1

U

1

1
1

15

1--------------------------------------------------------------1 ABS (x) <10·
1
U
1
3.8
1
15
1-----------------------------------------------_·_------------1 -180<x<174
1
U
1
3.7
1
15

complex 2 1 ABS(a)<170
1 ABS(b)<pi/2

7.8

35

1--------------------------------------------------------------ABS(a)<170
U
1
8.0
33
1
1

pi/2SABS(b)<100

------------------------------------~----------------- ---------------------------------

LOG (x)

real

1 0.99<x<1.011.

1

U

1

0.084

1

0.20

1--------------------------------------------------------------1
U
1
10.5<x<21
1.7
I
3.2
1--------------------------------------------------------------1
1 10**-78<x<10**75 1
E
1
8.9
1
45
1------------------------------------------------------------------------1 complex 1 full range
1
EU
1
9.8
1
51
2

--------,------------------------------------------------------------------------------LOG2 (x)

real

LOG 1 0 (x)

real

SIN (x)

real

I O. 99<x<1. 011.

1

U

1

0.055

1

0.13

1 O. 99 <x<l. 011.

1

U

1

0 • 03 8

1

0 .16

1 ABS(x)<pi/21.

1

U

1

1.2

1

3.0

1--------------------------------------------------------------1 O. 5 <X<21
1
U
I
1 •0
1
1 •9
1--------------------------------------------------------------110**-78<x<10**75 1
E
I
4.4
1
30
1--------------------------------------------------------------1 0.5<x<21.
lUI
1.5
1
2.9
1--------------------------------------------------------------1 10**-18<x<10**75 1
E
1
12
1
38
1--------------------------------------------------------------1 pi/2SABS(x)<101.
lUI
1.6
1
3.5

11

1--------------------------------------------------------------1 10SABS(x)<2001.
1
U
1
1.5
1
3.6

1

1 ABS(b)<l

1

1 ABS(x)<l

lUI

1------------------------------------------------------------------------1 complex 2 1 ABS(a)<10
1
U
1
24
1
60
SINH(x)

1 real

11

U

1

1
6.8

1

29

1--------------------------------------------------------------I lSABS(x)<10
1
U
1
13
1
54

1------------------------------------------------------------------------1 complex 1 ABS(a)<10
1
U
1
18
1
53
3

1

1 ABS(b)<l

1

l.RMS and Max values are for absolute errors
E exponential
U uniform (linear)
T tangents of linearly-scaled
angles in (-pi/2,pi/2)

U

1

1

2Where x=a+i*b
EU a+i *b=r*EXP (i*k) where x=a +i* b
or (ATAN only) x1.=a, x2=b. and:
r has E distribution in (0,10**75)
k has U distribution in (-pi,pi)

L-----------------------------________________________ -----------------_________________
Figure G.2 (Part 2 of 3). Performance of the mathematical built-in functions with
extended-precision floating-point arguments
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r-----·----------------------------------------------------------------------------------,
1
1
1
I Relative Error *10**34
Function
Name

SQR'l'(x)

1
1
1

Argument 1
Mode 1

Range

1

IDistribution

1
Type
1(see foot

of

1----------------------------I
I
1
RMS
1
Max

1

l i t able)

I

1

1 real
11

1 10**-50<x<10**50 1
E
1
3.0
1
15
1--------------------------------------------------------------1 10**-78<x<10**75 1
E
I
2.8
1
14

1------------------------------------------------------------------------I complex 2 1 full range
1
EU
f
7.1
I
21
------------------------------~-------------------------------------------~------------

TAN (x)

real

I ABS (x) <pi/4

1

u

I

9.6

1

36

1--------------------------------------------------------------1 pi/4$ABS(x)<pi/2 1
U
I
8.9
1
39
1--------------------------------------------------------------I pi/2$ABS (x) <10
lUI
12
I
52
I----------------------------------------·-----~----------------

1
1 10$ABS (x)<200
1
U
1
11
I
46
1------------------------------------------------------------------------1 complex 2 1 ABS(a)<l
1
U
1
15
I
61
I

TANH (x)

1 real

1

I

ABS( b) <9

I

I ABS(x)<0.54931

U

I

U

I

5.0

25

I

1--------------------------------------------------------------0.54931:s;ABS(x)<5
U
2.6
21

I

1

I

I

1 ABS (b) <1

1

I

I

I

1

1------------------------------------------------------------------------complex 2 ABS(a)<9
U
15
53
1RMS and Max values are for absolute errors
E exponential
U uniform (linear)
T tangents of linearly-scaled
angles in (-pi/2,pi/2)
L-~--------------------------------------

U

I

I

1

1

2Where x=a+i*b
EU a+i*b=r*EXP(i*k) where x=a+i*b
or (ATAN only) x1=a, x2=b. and:
r has E dis~ribution in (0,10**75)
k has U distribution in (-pi,pi)

_____________ ----------------------------------J

Figure G.2 (Part 3 of 3). Performance of the mathematical built-in functions with
extended-precision floating-point arguments
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ABS(x)

Arithmetic

1.

ABS returns the absolute value of a given
expression x.
If x is real, it is the
positive value of X; if x is complex, i t is
the positive square root of the sum of the
squares of the real and imaginary parts.

A BASED, DEFINED, parameter,
subscripted, or structure-baseelement variable that is an
unaligned fixed-length bit string.

2.

A minor structure whose first base
element is an unaligned fixedlength bit string (except where it
is also the first element of the
containing major structure).

3.

A major structure that has the
DEFINED attribute or is a
parameter, and that has an
unaligned ~ixed-length bit string
as its first element.

4.

A variable not in connected
storage.

If x is fixed and complex with precision
(p,q), the precision of the result is given
by:
( MIN (N , p+ 1) , q)
where N is the maximum allowable number of
digi ts.

ACOS(x)

Mathematical

ACOS returns a floating-point value that
represents the inverse (arc) cosine in
radians of a given value x.

If x is a varying string, the returned
value identifies the two-byte prefix.
If x is an area, the returned value
identifies the control inforrration.

x must be real, and the absolute value
must be less than or equal to 1, i.e.,
ABS(x)<=l.
The result is in the range:

If x is a controlled variable that has not
been allocated, the null pointer value is
returned.

O<=ACOS(x) <=pi

Arithmetic
ADD returns the sum of two values xi. and

with a precision specified by X3 and
xi.

and

X;2

x~

X2

•

If x is a parameter and a dummy argument
has been created, the returned value
identifies the dummy argument.
Note that because of condition 4 above, if
x is a parameter, i t must have the
CONNECTED attribute.

values to be added.

unsigned decimal integer constant
specifying the number of digits to be
maintained throughout the operation;
i t must not exceed the implementation
limit.
decima.l intege r constant, optionally
signed, specifying the scale factor of
the :t"esult. For a fixed-point result,
if x:~is given, then x~ must also be
given.
For a floating-point result,
only X3 can be given.

ADDR(x)

If x is an aggregate, the returned value
identifies the first element.

Array-Handling
ALL returns a bit string in which each bit
is 1 if the corresponding bit in each
element of the given array x exists and is
1. The length of the result is equal to
that of the longest element.
If x is not a bit-string array, i t is
converted to bit string.
It must not be
iSUB-defined.

storage Control

ALLOCATION (x)

ADDR returns a pointer value that identifes
the location at which a given variable x
has been allocated.

Abbreviation:

x

a va:tiable of any data type and
organization and of any storage class
except:

Section G:

Stor age Control
ALLOCN

ALLOCATION returns a default-precision
fixed-point binary integer specifying the
number of generations that can be accessed
in -the current task for a given controlled
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variable x.

x

the name of the controlled variable.
The name must be level one and
unsubscripted.

If x is not allocated, the result is zero.
ATAND (x,
l\NY(x)

Array-Handling

l\NY returns a bit string where each bit is
1 if the corresponding bit in any element
of the given array x exists and is 1. The
length of the result is equal to that of
the longest element.

[« x,al)

Mathematical

ATAND returns a floating-point value that
represents the inverse (arc) tangent in
degrees of a given value X:1. or of a given
ratio X1/Xa.
If X1 alone is specified it must be
real. The result is in the range:
-90 <ATAND (X:1.) <90

If x is not a bit-string array, it is
converted to bit string. It must not be
iSUB-defined.

ASIN(x)

If x:1. and Xa are specified. they must
both be real. The result is defined in
terms of the function ATAN as:

Mathematical

l\SIN returns a floating-point value that
represents the inverse (arc) sine in
radians of a given value x.
x must be ~eal, and the absolute value
must be less than or equal to 1, i.e.,
ABS(x)<=l.
The result is in the range:

Mathematical
ATANH returns a floating-point value that
represents the inverse (arc) hyperbolic
tangent of a given val ue x.
If x is real, its absolute value must be
less than 1, i.e., ABS(x)<l.

-pi/ 2<=ASIN(x) <=pi/2

1.
ATAN (x, [" xal>

If x is complex, it must not be +1 or The result is defined as:

Mathematical
LOG «l+x) / (i-x) )/2

l\TAN returns a floating-point value that
represents the inverse (arc) tangent in
radians of a given value X1 or of a given
ratio xj,./x,a.
If X1 alone is specified and is real,
the result is in the range:

Arithmetic
BINARY returns the binary representation of
a given value X:1. with a precision specified
by Xa and X3-

-pi/2<ATAN(x1)<pi/2
If X1 alone is specified and is complex,
it must not be +i or -i. The result is
given by:
-i *ATANH ( i *X:1.)
If X1 and Xa are specified~ they must
both be real.
It is an error if X1 and Xa
are both zero. The results for all other
values of X1 and Xa are given by:

fd/2 for X2=0 and X1>0
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X:1.

value to be converted to binary base.

Xa

unsigned decimal integer specifying
the number of digits to be maintained
throughout the operation: it must not
exceed the implementation limit.
decimal integer, optionally signed,
specifying the scale factor of the
result.
For a fixed-point result, if
Xa is given, then X3 must also be
given.
For a floating-point result.,
only Xa can be given.
If both X,a and
X3 are omitted, the precision of the
result is determined from the rules

(MIN (N ,MAX (p-q+l, 1» , 0)

for base conversion.

where N is the maximum number of digits
allowable.
BIT (x" [ , x i l l

Str ing-handling
CHAR (x, [,xa])

string-handling

Bit returns a bit string representation of
a given value X.1..
CHAR returns a character string
representation of a given value x.1..

expression to be converted.
an expression that can be converted to
integer specifying the length of the
resulting bit string.
If necessary,
X2 is converted to a binary integer of
precision (15,0).
If X2 is omitted,
the length is determined by the rules
for type conversion.

BOOL(X1~~

expression to be converted.
an expression that can be converted to
integer specifying the length of the
resulting character string. If
necessary, X2 is converted to a binary
integer of precision (15,0).
If X2 is
omi tted" the length is determined by
the rules for type conversion.

Str ing-handling
C OMPLETI ON ( x)

BOOL returns a bit string that
result of a Boolean operation,
X3, on bit strings X.1. and X2.
of the result is equal to that
longer operand, X.1. or Xa.
x.1.

is the
specified by
The length
of the

Multitasking

COMPLETION returns a single bit specifying
the completion value of a given event x.
If the event is incomplete, 'O'B is
returned: if complete, 'l'B is returned.

and Xa bit-string expressions or
expressions that may be converted to
bi t strings.
COMPLETION Pseudovariable
bit string of four bits.
Each bit
specifies the result when a bit from
X1 is compared with the corresponding
bit from X2 as follows:
X.1.

X2

0
0
1
1

0
1
0
1

result
bit
bit
bit
bit

1 of
2 of
3 of
4 of

X3
X3
X3
X3

The pseudovariable sets the completion
value of the given event x.
x must be
inactive.
No interrupt can occur during
assignment to the pseudovariable. The
COMPLETION pseudovariable cannot be used as
the control variable in a do-goup.

COMPLEX (x"' Xa)
If x.1. and X2 are different lengths, the
shorte~ is padded on the right with zeros
to match the longer.
If X3 is not a bit
string expression of length 4, it will be
converted and padded on the right with
zeros or truncated on the right, as
necessary.

CEIL(x)

Arithmetic

COMPLEX returns a complex value formed from
two gi ven va lues X.1. and X2.
x.1.

real value that is to be the real part
of the result.

X2

real value that is to be the imaginary
part of the result.

Arithmetic

CEIL returns the smallest integer greater
than or equal to a given value x. x must
be real.
If x is fixed-poi~t with precision
(p,q), the precision of the result is given
by:

Section G:

If x.1. and X2 differ in base. the decimal
one is converted to binary; if they differ
in scale, the fixed-point is converted to
floating-point.
The result will have the
same base and scale. Both X.1. and Xa must
be real.
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rhe precision of the
point, is given by:

result~

if fixed-

(MIN(N,MAX(P1~q1,P.-q.)+MAX(q1,q.»,

MAX (q1, q.) )
where (P1,q1) and (P.,Q2) are the
precisions of X1 and x. respectively, and N
is the maximum number of digits allowable.

Mathematical

COSH (x)

COSH returns a floating-point value that
represents the hyperbolic cosine of a given
value x.
If x is complex"

the result is given by:

coshCa)*cosCb)+i*sinhCa)*sinCb)
If the arguments, after any necessary
conversions have been performed., are
floating point, and their precisions are P1
and P.~ then the precision of the result is
MAX (P1 ~ P. ) •

where (a+i*b) represents x.

STREAM Input/Output
COMPLIDC Pseudovariable
The pseudovariable assigns the real part of
a complex value to the variable X1 and the
imaginary part to the variable x.. Only a
complex value can be assigned to the
pseudovariable. The COMPLEX pseudovariable
cannot be used as the control variable in a
do-group.

CONJG (x)

Arithmetic

CONJG returns the conjugate of a given
complex value x, i.e., the same value with
the sign of the imaginary part reversed.
If x is real, it will be converted to
complex.

COS (x)

Mathematical

COS re-turns a floating-point value that
represents the cosine of a given value x.

x

an expression whose value is in
ra.dians.

COUNT returns a binary integer of default
precision specifying the number of data
items transmitted during the last GET or
PUT operation on the specified file x.
x

a file expression, the file must have
the STREAM attribute.

Note that if an on-unit or procedure is
entered during a GET or PUT operation and,
within that on-unit or procedure, a GET or
PUT operation is executed for the same
file, the value of COUNT is reset for the
new operation; it is restored when the
original GET or PUT is continued.

Condition-handling

OATAFIELD

DATAFIELD is used in a NAME condition onunit to return a character string whose
value is the name and contents of the field
that caused the condition to be raised.
It can also be used in an on-unit for an
ERROR or FINISH condition raised as part of
the standard system action for the NAME
condition.
If DATAFIELD is us€d out of context, a
null string is returned.

If x is complex, the result is given by:
cos(a)*cosh(b)-i*sinCa)*sinhCb)
where (a+i*b) represents x.
DATE returns a character string of length
six, in the form yymmdd, where:
COSO (x!.

Mathematical
yy
nun

COSO returns a floating-point value that
represents the cosine of a given value x.

x
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an expression whose value is in
degrees.
x must be real.
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dd

the current year
the current month
the current day

DECIMAL CX1 [, Xa [" x+,l ] )

Arithmetic

both Xa. and x .. must be given. For a
floating-point result" only Xa can be
given.
DECIMAL returns the decimal representation
of a given value a 1 with a precision
specified by X2 and xa.
value to be converted to decimal base.
X2

xa

unsigned decimal integer constant
speci.fying the number of digits to be
maint~ained throughout the operation;
it must not exceed the implementation
limi t:.
decimal integer constant, optionally
signed, specifying the scale factor of
the result. For a fixed-point result,
if X2 is given, then Xa must also be
gi ven.
F'or a floating-point result,
only X2 can be given.

If both X.l and Xa are omitted, the
precision of the result is determined from
the rules for base conversion.

storage Control
EMPTY returns an area of zero extent. It
is used to free all allocations in an area.
Note that the value of this function is
automatically assigned to an area variable
when i t is allocated.

ERF(x)

Mathemati cal

ERF returns a floating-point value that
represents the error function of a given
value x. x must be real.
The result is given by:
-t 2
ERF(X)=lfxe
dt

Array-Handling
DIM returns a default-precision fixed-point
binary integer specifying the current
extent of a specified dimension X2 of a
given array X1.
X1

the 9i ven array; it must be currently
allocated.
the I:dement expression specifying a
particular dimension of X1- If
necessary, X2 is converted to a binary
integer of precision (15~O).

vIIo
Mathematical
ERFC returns a floating-point value that
represents the complement of the error
function of a given value x.
x must be
real.
The result is defined in terms of the
function ERF as:
l-ERF (x)

X1 must not have less than (X2) dimensions.
EXP(x)
DIVIDE (x;a., Xa, X3 [,x,t) )

Arithmetic

DIVIDE re·turns the quotient of two val ues
X1 and X2 with a precision specified by xa
and x ...

EXP returns a floating-point value that
represents the base of the natural
logarithm system e to a given power x.

dividend
X2

Arithmetic

divisor
unsigned decimal integer constant
specifying the number of digits to be
maintained throughout the operation:
i t must not exceed the implementation
limit.

x ...

Mathematical

decimal integer constant, optionally
signed, specifying the scale factor of
the result.
For a fixed-point result,

section G:

FIXED returns the fixed-point
representation of a given value X1 with a
preciSion specified by Xa and Xa.
X1

value to be converted to fixed-point
scale.
unsigned decimal integer constant
specifying the total number of digits
in the result.
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decimal integer constant, optionally
signed, specifying the scale factor of
the result.
If X3 is omitted, a scale
factor of zero is assumed.

HIGH returns a character string of length x
where each character is the highest
character in the collating sequence
(hexadecimal FF).

If both X2 and X3 are omitted, the default
value (15,0), for a binary result, or
(5,0)e for a decimal result, is assumed.

x

FLOAT(x3,[,x2])

IMAG (x)

Arithmetic

FLOAT returns the floating-point
representation of a given value X1 with a
precision specified by X2.
X1

expression specifying the length. If
necessary, x is converted to a binary
integer of precision (15,0).

IMAG returns the imaginary part of a given
complex value x. If real, x is converted
to complex. The mode of the result is
real.

value to be converted to floatingpoint scale.
tmsigned decimal integer constant
specifying the total number of digits
in the result.
If X2 is omitted, the
default value 21, for a binary result,
or 6, for a decimal result, is
assumed.

FLOOR (x)

IMAG Pseudovariable
The pseudovariable assigns a real value or
real part of a complex value to the
imaginary part of a given complex variable
x. x must be complex,.

Arithmetic
INDEX (x" x,a)

FLOOR returns the largest integer less than
or equal to a given value x.
x must be
real.
If x is fixed-point with precision (p,q),
the precision of the result is given by:
(MIN (N,MAX (p-q+l,l)

Array-Handling
aBOUND returns a default-precision fixedpoint binary integer specifying the current
upper bound of a specified dimension X2 of
a given array X1.
the given array; i t must be currently
allocated.
an element
particular
necessary,
integer of

expression specifying a
dimension of X1If
X2 is converted to a binary
precision (15,0).

X1 must not have less than (X2) dimensions.

HIGH (x )_
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String-handling

INDEX returns a halfword binary integer
indicating the starting position within the
string X1 of a substring identical to
string X2.
X1

string to be searched

X2

string to be searched for

),0)

where N is the maximum number of digits
allowable.

X1

Arithmetic

String-handling
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If X2 does not occur in X1, the value
zero is returned.
If X2 occurs more than once in X1' the
starting position of the first occurrence
is returned.
If any argument is character or decimal,
conversions are performed to produce
character strings. Otherwise if the
arguments are bit and binary, or both
binary, conversions are performed to
produce bit strings.

LEOOTH (x)

string-handling

LENGTH returns a defaul t-precision fixed,point binary integer specifying the current
length of a given string x. If x is
binary, i t is converted to bit string;
otherwise any other conversion required is
to character string.

LBOUND(x3.V xa )

Array-Handling

LBOUND returns a default-precision fixedpoint binary integer specifying the current
lower bound of a specified dimension Xa of
'a given a:r:ray xj".
X1.

the qiven array; it must be currently
allocated.
an element
particular
necessary,
inteqer of

expression specifying the
dimension of X1.
If
Xa is converted to a binary
precision (15·,0).

10, of a given value x.
greater than zero.

String-handling

LON (x)

LOW returns a character string of length x
where each character is the lowest
character in the collating sequence
(hexadecimal 00). If necessary, x is
converted to binary integer of precision
(15,0).

x1. must not have less than (xa) dimensions.

x

LINENO(x)

MAX(x",xa ••• ,Xn)

STREAM Input/Output

x must be real and

expression specifying the length

Arithmetic

LINENO re·turns a defa ult-precision fixedpoint binary integer specifying the current
line numb1er of the specified file x.

MAX returns, from a set of two or more
arguments, the value of the argument with
the largest value.

x

X1,xa ••• ,xn list of values from which the
largest is to be returned.

a file expression, the file must have
the PRINT attribute.

LOG (x)

Mathematical

LOG returns a floating-point value that
represents the natural logarithm, i.e.,
base e, of a given value x.
If x is real,
it must be greater than zero.
If x is
complex, i t must not be equal to 0+01. The
function is multiple-valued if x is
complex~ hence"
only the principal value
can be returned. The principal value has
the form:

The maximum number of arguments that the
function will accept is 64. All the
arguments must be real.
If the arguments are fixed-point with
precisions:

the precision of the result is given by:
(MIN (N" MAX (p1. -q1.' Pa-qa •• • , Pn-qn) +
MAX (q1. , qa ••• , qn) ) ,MAX Cq1., qa ••• , qn) )
If the arguments, after any necessary
conversions have been performed., are
floating point, and their precisions are
pj" , Pa, P3 ••• Pn, then the prec is ion of the
result is MAXCP1,Pa,P3 ••• Pn).

where b is the range:
-pi<b<=pi.

MIN(x"xa ••• ,Xn)
LOG2(x)

LOG2 returns a floating-point value that
represents the binary logarithm, i. e •., base
2, of a given value x. x must be real and
greater than zero.

LOG10(x)

Arithmetic

Mathematical

Mathematical

LOG10 ret:urns a floating-point value that
represent:s the common logarithm, i.e., base

Section G:

MIN returns, from a set of two or more
arguments., the value of the argument with
the smallest value.
xj",xa_ •• ,Xn

list of values from which the
smallest is to be returned.•

The maximum number of arguments that the
function will accept is 64. All the
arguments must be real.
If the arguments are fixed-point with
preci sions:
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the precision of the result is given by:

both X3 and x", must be given. For a
floating~point result, only X3 can be
gi ven.

{MIN CN ,MAX Cp1.. -q1.. ,P2 -q2··. , Pn-<fu) +
MAX(q1..,q2.·.,qn»,MAX(q1..,q2· •• ,qn»
If thE~ arguments, af ter any necessary
conversions have been performed, are
floating point, and their precisions are
P1..,P2,P3 ••• Pn, then the precision of the
result is MAX(P1..,P2,P3 ••• Pn).

MOD(x1~

storage Control
NULL returns a null pointer value, i.e., a
value that cannot identify any generation
of a variable. The null po inter val ue can
be converted to OFFSET by assignment of the
built-in fUnction value to an offset
variable.

Arithmetic

MOD returns the smallest positive value, R,
such t:hat:
(X1.. - R)/X2 = n where n is an integer.
R is t.he smallest posi ti ve value that must
be subtracted from a gi ven value x1.. to make
it exactly divisible by the given value X2.
x1.. must be real. If X1.. is positive, R
is the remainder of the division of X1.. and
X2; if X1.. is negative, R is the modular
equivalent of this remainder.
X2 must be real. If X2 is zero, the
ZERODIVIDE condition is raised. If R is
floating-point, the precision is the
greater of those of x1.. and X2; if R is
fixed-point, the precision is given by:

OFFSET (x 1.' x ,2)

storage Control

OFFSET returns an offset value derived from
a given pointer x1.. and relative to a given
area X2. If x, is null, then the null
value is returned.
a pointer expression.
It must
identify a generation of a based
variable within area X2.
an area variable
If X1.. is an element expression, then X2
must be an element variable.

ONCHAR

Condition-handling

CMINCN,P2-Q2+MAXC q1..,q2»,MAX(q1..,q3»
where (P1..,Q1..) and (P2,Q2) are the
precisions of X1.. and X2 respectively.
If x1.. and X2 are fixed-paint with different
scale factors, R may be truncated on the
right, and the SIZE condition is raised, if
enabled.

Arithmetic
MULTIPLY returns the product of two values
X1.. and X2 with a precision specified by X3
and x", •
x1.. and X2 values to be multiplied.
unsigned decimal integer constant
specifying the number of digits to be
maintained throughout the operation;
it must not exceed the implementation
limi t.
decimal integer constant, optionally
signed, specifying the scale factor of
the result. For a fixed-point result,
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ONCHAR returns the character that caused
the CONVERSION condition to be raised. It
can be used in an on-unit for the
CONVERSION condition or for ERROR or FINISH
condition raised as standard system action
for the CONVERSION condition.
If the ONCHAR built-in function is used
out of context" a blank is returned unless
ONCHAR has a value given to it by an
assignment to the pseudovariable out of
context; in this case, the character
assigned to the pseudovariable is returned
by the built-in function.

ONCHAR Pseudovariable
The pseudovariable resets the current value
of the ONCHAR built-in function. The value
assigned to the pseudovariable, is converted
to a character string of length 1. The new
character is used when the conversion is
re-attempted.
If the pseudovariable is used out of

context, and the next reference to the
buil t-in function is also out of context,
then the character assigned to the
pseudovariable is returned.
The out-ofcontext assignment is otherwise ignored.

raised has not specified the KEY, KEYTO, or
KEYFROM options.
The result is determined by the
following rules:
1.

ONCODE

Condition-handling

ONCODE returns a default-precison fixedpoint binary integer that defines the type
of interrupt that caused the on-unit to
become ac,tive.
It can be used in any onunit. All on-codes are defined in section
H, "On-Conditions".

For REGIONAL(1) data sets, the result
is an eight-byte character
representation of the region number.
If the key was incorrectly specified,
the result is the last eight bytes of
the source key. If the source key is
less than eight bytes, it is padded on
the right with blanks to make it eight
bytes.
If the key was correctly
specified, t~e eight-byte character
string consists of the region number
in character fonn padded on the left
with blanks, if necessary.

If ONCODE is used out of context, zero
is returned.

ONCOUNT

Condition-handling

ONCOUNT returns a default-precision fixedpoint binary integer specifying the number
of interrupts that remain when an on-unit
is entered. Both types of multiple
interrupt are discussed in section H, "ONCondi tions".
If ONCOUNT is used out of context, zero
is returned.

For any input/output condition (other
than ENDFILE), or for the ERROR or
FINISH condition raised as standard
system actio'n for these conditions,
the result is the value of the
recorded key from the I/O statement
ca using the, error.

2.

For a REWRITE statement that attempts
to write an updated record on to an
indexed data set when the key of the
updated record differs, from that of
the input record, the result is the
value of the embedded key of the input
record.

If ONKEY is used out of context, a null
string is returned.
ONFILE

Condition-handling

ONFILE returns a character string whose
value is the name of the file for which an
input/output or CONVERSION condition is
raised.
It can be used in an on-unit for
any input./output or CONVERSION condition,
or for the ERROR or FINISH condition raised
as standard system action for an
input/out,put or the CONVERS ION condition.
If ONF'ILE is used out of context, a null
string is returned.

Condition-handling
ONLOC returns a character string whose
value is the name of the entry-point of che
procedure in which the condition was
raised. It can be used in anyon-unit.
If ONLOC is used out of context, a null
string is returned.

ONSOURCE

condition-handling

Condition-handling
ONKEY ret:urns a character string whose
value is the key of the record that caused
an input/output condition to be raised.
It
can be used in an on-unit for any
input/output condition, except ENDFILE, or
for the ERROR or FINISH condition raised as
standard system action for an input/output
condition. Note that ONKEY is always set
for operations on a KEYED file, even if the
statement that causes the condition to be

Section G:

ONSOURCE returns a character string whose
value is the contents of the field that was
being processed when the CONVERSION
condition was raised. It can be used in an
on-unit for the CONVERSION condition or for
the ERROR or FINISH condition raised as
standard system action for the CONVERSION
condition.
If ONSOURCE is used out of context, a
null string is returned.
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arrays are not floating-point, they are
converting to floating-point

ONsounCE Pseudovariable
The pseudo variable resets the current value
of the ONSOURCE built-in function. The
value assigned to the pseudovariable is
converted to a character string and, if
necessary, is padded on the right with
blanks to match the length of the field
that caused the error. The new string is
used when the conversion is re-attempted.
,/Whe-nconversion is re-attempted, the
/-§"tring assigned to the pseudovariable is
, processed as a single data item. For this
reason, the error correction process should
not assign a string containing more than
one data item when the conversion occurs
during the execu~ion of a GET LIST or GET
DATA statement. The presence of blanks or
commas in the string will cause further
conversion error.

The returned value is defined as:
j-l

n-m
a(m)

+~

(a(m+j)*n x(p+i»

i=O

j=l
If (q-p)«n-m-l)
Cp+i»q.

t~hen

x(p+i)=xCq) for

If m=n then the result is aCm).
If Xa is an element expression, it is
interpreted as an array of one element,
i.e., x(l), and the result is defined as:
n-m

~ a(m+j) *x(l) **j
POINTE;R (x"' xa)

j=O

Storage Control
x~

POINTER returns a pOinter value derived
from a given offset value x~ and a given
area xa. If x~ is null then the null value
is returned.
an offset expression.
It must
identify a generation of a based
variable, but not necessarily in Xa.
If it is not in Xa, the generation
must be equivalent to one in Xa.
Xa

an area variable.

Generations of based variables in
different areas are equivalent if, up to
the allocation of the latest generation,
the variables have been allocated and freed
the same number of times as each other.

POLY(x~

Array-Handling

POLY returns a floating-point value that
represents a polynomial formed from two
given unidimensional arrays x~ and xa.
an array defined as a(m:n), where
(m:n) represents the lower and upper
bounds.
Xa

an array defined as x(p:q), where
(p:q) represents the lower and upper
bounds.

If the elements of one or both of the
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must not be iSUB-deinfed.

PRECISION(x"xa[,X3])
Abbreviation:

Arithmetic

PREC(x~,xa[,x3])

PRECISION returns a given value x~ with a
precision specified by Xa and X3.
X~

value whose precision is to be changed.
unsigned decimal integer constant
specifying the number of digits tha.t
the value of X~ is to have after
conversion: it must not exceed the
implementation limit.
decimal integer constant, optionally
signed, specifying the scale factor of
the result. For a fixed-point result,
X3 must be given. For a floatingpoint result, X3 must not be given.

IThe base and scale of the returned value
I are the same as those of X~.

PRIORITY (x)

Multitasking

PRIORITY returns a halfword binary integer
indic~ting the priority asso~iated with the
given task variable x.
It gives the
priority relative to the priority of the
current task. No interrupt can occur
during evaluation of PRIORITY.

be (xa+1) occurrences of the string X1.

PRIORITY Pseudovariable

X1
rhe pseudovariable adjusts the priority of
the task associated with the given task
variable x.
It receives a halfword binary
integer, and sets the priority of a to the
received value, relative to the priority
held by the current task immediately prior
to the assignment. x may be associated
with any active or inactive task, including
the current one. The task variable may be
omitted, in which case the variable
associated with the current task is
assumed. No interrupt can occur during
assignment to the PRIORITY pseudovariable.
rhe PRIORITY pseudovariable cannot be used
as the control variable in a DO group.

xa

string to be repeated
an expression that can be converted to
integer indicating number of
repetitions.

If X1 is arithmetic, i t will be converted
to string - bit string if it is binary,
character string if it is arithmetic. If
Xa is zero or negative, the string X1 is
returned.
If Xa is an array" then X1 should be an
array with identical bounds.

Arithmetic

ROUND (x, ' xa)
PROD (x)

Array-Handling
ROUND returns the given value X1 rounded at
a digit specified by Xa.

PROD returns the product of all the
elements in a given array x.

X1

x

xa

an array of integers or floating-point
elements.

If the elements of x are non-integer
fixed-point, they are converted to
floating-point.
If the elements of x are string, they
are converted to integers. The precision
of the result for fixed-point integer~ is
(N,O), where N is the maximum number of
digits allowable. x must not be iSUBdefined.

the value to be rounded.
decimal integer constant, optionally
signed, specifying the digit at which
rounding is to bccur.
If Xa is
positive, it is the (xa)th digit to
the right of the point; if negative,
i t is the (xa+1)th digit to the left
of the point.

If X1 is floating-point, Xa is ignored; the
rightmost bit of the mantissa is set to 1.
The precision of a fixed-point result is
given by:
(MAX (1"MIN(p-q+1+xa,N) ) ,xa)

REAL (x)

Arithmetic

where (p,q) is the precision of X1 and N is
the maximum number of digits allowable.

REAL returns the real part of a given
complex value x. x will be converted to
complex if it is real.

Note that the rounding of a negative
value results in the rounding of its
absolute value, then the sign is replaced.

REAL Pseudovariable

SIGN(x)

The pseudovariable assigns a real value or
the real part o,f a complex value to the
real part of a given complex variable x.
x
must not be real.

SIGN returns a default-precision fixedpoint binary integer that indicates whether
a given value x is positive, zero, or
negative. The value returned is as
follows:

Arithmetic

value of x
REPEAT (x,

,,~

String-handling

REPEAT returns a string consisting of the
string X1 concatenated to itself the number
of times specified by X2, i.e., there will
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x > 0

+1

x

=0

o

x

< 0

-1

Built-in Functions and pseudovariables

363

x must be real.

SIN{x)

Mathematical

SIN returns a floating-point value that
represents the sine of a given value x.
x

value of a given event x.
If the event is
normal, zero is re'turned: if abnormal, nonzero is returned. If no argument is
specified, the event associated with the
current task is assumed.

STATUS Pseudovariable

an expression whose value is in radians.

If x is complex, the result is given by:

The pseudovariable resets the status value
of a given event x. No interrupt can occur
during assignment to the pseudovariable.

sinCa)*cosh{b)+i*cosCa)*sinhCb)
where (a+i*b) represents x.
St ri ng-handl in q
SIND (x)

Mathematical

SIND returns a floating-point value that
represents the sine of a given value x.
x

an expression whose value is in
d<egrees.
x must be real.

STRING returns an element string that is
the concatenation of all the elements of a
string data aggregate.

x

an array or structure expression whose
elements are either all character
strings and/or numeric character data,
or all bit strings.

x cannot be an operational expression or a
function reference.
SINHCx)

Mathematical

SINH returns a floating-point value that
represents the hyperbolic sine of a given
value x. If x is complex, the result is
given by:
sinhCa)*cosCb)+i*cosh{a)*sin{b)

If any of the strings in the aggregate x
are of varying length, only the current
length, and not including the two-byte
length prefix, is concatenated.

where (a+i*b) represents x.

x must not be iSUB-defined.

SQRTCx)

Mathematical

SQRT returns a floating-point value that
repres<ents the square root a f x. If x is
real, :i t must not be less than zero.
The
result is the positive square root of x.
If x is complex, the function is multiplevalued; hence, only the principal value can
be returned. The principal value has the
form:
Ca+i*b)
where either a>O, or a=O and b>=O.

STATUS [ (x) ]

Multi tasking

STATUS returns a default-precision fixedpoint binary integer specifying the status
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If x is a structure that has padding ca used
by ALIGNED elements, the padding is not
included in the result.
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If x is an element variable, the rules for
aggregates apply except that there is no
concat enat ion.

STRING Pseudovariable
The pseudovariable assigns a string, piece
by piece, to the given aggregate variable
x, until either all of the aggregate
elements are filled or no piece of the
assigned string remains. In the latter
case, any remaining strings in the
aggregate variable are filled with blanks
or, if varying-length, are given zero
length.
The STRING pseudovariable must not be
used in the data specification of a GET.
statement, nor in an INTO or KEYTO option
of a READ statement.
The STRING pseudovariable cannot be used

as the control variable in a DO-group.
A varying-length string is filled to its
maximum l(~ngth.

Mathematical

TAN (x)

TAN returns a floating-point value that
represents the tangent of a given value x.
x

string-handling

an expression whose value is in
radians.

If x is complex, the result is defined as:
SUBSTR returns a substring of the given
string X1"

TAN(a)*(1-TANHCb)**2)/
(1+ (TAN (a) *TANH (b) ) * * 2)

REAL (TANCx»

string from which the substring is to
be extracted.

IMAG(TAN(x»

=

~NH(b)*(1+TAN(a)**2)/

(1+ (TAN (a) *TANH (b) )** 2)
an expression that can be converted to
integer indicating the starting
position of the substring in X1an expression that can be converted to
integer specifying the length of the
substring in X1If X3 is zero, a
null string is returned_
If X3 is
omitted, the substring returned is
posi"tion X2 in X1 to the end of X1If X1 is not a string, i t is converted to a
bit string if binary or a character string
if decimal.
The STRINGRANGE condi tion" if enabled,
is raised if the values of X2 and X3 are
such that the substring does not lie
entirely within X1. If STRINGRANGE is not
enabled, ·then under the optimizing compiler
the result is undefined and under the
checkout compiler, standard system action
is taken (even if there is STRINGRANGE onunit established.)

where (a+i*b) represents x.

TAND(x)

Mathematical

TAND returns a floating-point value that
represents the tangent of a given value x.

x

an expression whose value is in
degrees.
x must be real.

TANH (x)

Mathematical

TAND returns a floating-point value that
represents the hyperbolic tangent of a
given value x.
x

an expression whose value is in
radians.

If x is complex the result is defined as:
SUBSTR Pseudovariable
-i*TAN (i*x)
rhe pseudovariable assigns a string to a
substring of the given string x_ The
remainder of string x is unchanged.

SUM (x)

Array-Handling

SUM returns the sum of all the elements in
a given array x.
x

TIME returns a character string of length
nine, in the form hhmmssttt, where:
hh
rnm
ss
ttt

the current hour
number of minutes
number of seconds
number of milliseconds

an array of arithmetic elements.

If the elements of x are fixed-point, the
precision of the result is (N,q), where N
is the maximum number of digits allowable
and q is the scale factor of x.
If the
elements of x are strings, they are
converted to integers.

If no timing facility is available, TIME
returns the value (9)·0'.

TRANSLATE ex,« X,a [, x~ll

String-handling

TRANSLATE returns a string the same length

x must not be iSUB-defined.
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as a given string X1 where all or some of
the characters may have been changed.
Characters are changed according to a lookup table provided by strings X2 and x 3 •
of

The function operates on each character
as follows:

The length of the re~urned bit-string
depends on the attributes of x.
If x is a varying-length string, its
two-byte prefix is included in the returned
bit-string.

X1

If a character in X1 is found in X~, then
the character in X2 that corresponds to the
one in X3 is copied to the result;
otherwise, the character in X1 is copied
directly to the result.

If x is complex, the length of the
ret.urned string is twice the value given in
the following table.

r-----------------------------------------l
bit-string I attributes of x
length

character string to be searched for
possible translation of all or some of
its characters.
X2

character string containing the
translation values of characters.

X3

character string containing the
characters that are to be translated_
If X3 is omitted, a string of 256
characters is assumed; it contains all
possible characters arranged in
ascending order (hexadecimal 00
th rough FF)_

strings X2 and X3 should be the same
length; otherwise X2 is padded with blanks.,
or truncated, on the right to match the
length of X3-

16

IFIXED BINARY (p,q) for p<16

32

IFIXED BINARY (p,q) for p>15
IFLOAT BINARY (p) for p<22
IFLOAT DECIMAL (p) for p<7
IPOINTER (standard length)
I OFFSET
IFILE constant or variable
IPOINTER (under checkout
Icompiler with COMPATIBLE
Ioption)

64

IFLOAT
IFLOAT
ILABEL
IENl'RY

128

IFLOAT BINARY(p) for 53<p<110
IFLOAT DECIMAL(p) for 16<p<34
ITASK
IPOINTER (under checkout
Icorr.piler with NOCOMPATIBLE
loption)

256

I EVENT

n

I BIT

n+16

IBIT VARYING where n is the
/maximum length of x.

Any non-character arguments are
converted to character.

TRUNC(x)

Arithmetic

TRUNe .returns an integer that is the
truncated form of a given value x. If x is
posi ti 've or zero, the result is the largest
intege:r less than or equal to x. If x is
negative, the result is the smallest
intege.r greater than or equal to x. x must
be real.
If x is fixed-point with precision
(p,q), the precision of the result is given
by:
(MIN(N,MAXCp-q+1,1»,0)
where N is the maximum number of digits
allowable.

UNSPEC(x)

I

BINARY (p) for 21<p<54
DECIMAL (p) for 6<p<17
constant or variable
constant or variable

(n)

ICHARACTER Cn)
IPICTURE
I (with character-string
Ilength of n)
8* (n+2)

ICHARACTER ~RYING where n is
Ithe .m~.!imum length of x.

8* (n+16)

IAREA Cn)

8*FLOOR(n) IFIXED DECIMAL (p,q)
Iwhere n = (p+2)/2

L-----------------------__________________

J

String-handling
UNSPEC Pseudovariable

UNSPEC returns a bit string that is the
internal coded form of a given value x.
x
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The pseudovariable assigns a bit string
directly to the given variable x, i.e .• , no
Gonversion to the data type of the variable

is attempted. The bit string is passed, if
necessaryf on the right with zeros to match
the length of the variable.
If x is a
varying IEmgth string, its two-byte prefix
is included in the field to which the bit
string is assigned.

is returned. The arguments are converted
to strings if they are arithmetic. If one
string argument is bit and the other
character, the bit is converted to
character.
x1

VER IFY (x 1. "lSal.

str ing- hand! in 9

VERIFY returns a default-precision fixedpOint binary integer indicating the
position in the given string X1 of the
first character or bit that is not in the
given string X2. If all the characters or
bits in X~L do appear in X2, a value of zero

Section G:

string to be scanned for any character
not in X2.
the verification string, consisting of
a set of characters in any order.

If either argument is character or decimal,
conversions are performed to produce
character strings. Otherwise, if the
arguments are bit and binary or both
binary, conversions are perfo~med to
produce bit.
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Section H: On-conditions

The on-conditions are those exceptional
conditions that can be specified in PL/I by
means of an ON statement'.
If a condition
is enabled, the occurrence of the condition
will result in an interrupt. The
interrupt, in turn, will result in the
execution of the current action
specifica'tion for that condition.
If an ON
statement for that condition is not in
effect, the current action specification is
the standard system action for that
condition. If an ON statement for that
condition is in effect, the current action
specification is either SYSTEM, in which
case the standard system action for that
condition is taken, or an on-unit, in which
case the programmer has supplied his own
action to be taken for that condition.
Some conditions are always enabled
unless they have been explicitly disabled
by condition prefixes; others are always
disabled unless they have been explicitly
enabled by condition prefixes; and still
others ar,e always enabled and cannot be
disabled.
Those conditions that are always enabled
unless they have been explicitly disabled
by condition prefixes are:
CONVERSION
FIXED0VERFLOW

of a condition prefix is discussed in
chapter 14, "Exceptional Condition Handling
and Program Checkout".)
Conversely, those conditions that are
always disabled unless they have been
enabled by a condition prefix are:
SIZE
SUBSCRIPTRANGE
STRINGRANGE
STRINGSIZE
CHECK
The appearance of one of these five in a
condition prefix renders the condition
enabled throughout the scope of the prefix;
the condition remains disabled outside this
scope.
Further, a condition prefix specifying NOSIZE, NOSUBSCRIPTRANGE, NOSTRINGRANGE, NOSTRINGSIZE, or NOCHECK will
disable the corresponding condition
throughout the scope of that prefix. Since
SIZE, STRINGRANGE, and SUBSCRIPTRANGE
represent errors that are likely to prevent
successful execution, the checkout compiler
checks for these conditions, and takes
standard system action, even when they are
disabled, although an on-unit cannot be
entered while the corresponding condition
is disabl ed.

OVERIn.OW
UNDERFLOW

All other conditions are always enabled
and remain so for the duration of the
program. These conditions are:

ZERO DIVIDE
AREA

KEY

ATTENTION *

NAME

CONDITION

PENDING

ENDFILE

RECORD

NOCONVERSION

ENDPAGE

TRANSMIT

NOFIXEDOVERFLOO

ERROR

UNDEFINEDFILE

NOOVERFLOW

FINISH

NOUNDERFLOW

e* checkout compiler only.)

Each of the above conditions can be
disabled by a condition prefix specifying
the condi "tion name preceded by NO wi thout
intervening blanks. Thus, one of the
following names in a condition prefix will
disable the respective condition:

NOZERODIVIDE
Such a condition prefix renders the
corresponding condition disabled throughout
the scope of the prefix: the condition
remains enabled outside this scope.
eScope

Condition Codes (ON Codes)
The ONCODE built-in function may be used by
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the programmer in anyon-unit to determine
the nature of the error or condition that
caused entry into that on-unit. The codes
corresponding to the conditions and errors
checked for are given below:

on output to index set (VSAM).
44

Uncorrectable transmission error
on input from index set (VSAM).

45

Uncorrectable transmission error
on output to sequence set (VSAM).

46

Uncorrectable transroission error
on input from sequence set (VSAM).

Error or Exceptional condition

o

The ONCODE built-in function has
been used outside an on-unit.

ERROR Condition Code
3

Execution of SIGNAL ERROR
statement in place of statement
diagnosed as in error.

FINISH Condition Codes
4

50

SIGNAL KEY statement executed.

51

Key specified cannot be found.

52

Attempt to add keyed record Which
has same key as a record already
present in data set, or, in a
REGIONAL (1) data set, attempt to
write into a region already
containing a record.

53

Value of expression specified in
KEYFROM option during sequential
creation of INDEXED or REGIONAL
data set is less than value of
previously specified key or region
number.

54

Key conversion error has occurred,
possibly due to region number not
being numeric character.

55

Key specification is null string
or begins (8)'l'B.

56

Attempt to access a record using a
key that is outside the data set
limits"

57

No space available to add a keyed
record.

58

Key of record to be added lies
outside the range(s) specified for
the data set.

SIGNAL FINISH, STOP, or EXIT
statement executed.
or
Main procedure completed normally.

ERROR Condition Code
9

KEY Condition Codes

SIGNAL ERROR statement executed.
Note: For further ERROR condition
codes, see code numbers 1000
onwards.

NAME
10

~ondition

Codes

SIGNAL NAME statement executed.
or
Unrecognizable identifier in GET
DATA input stream.

RECORD Condition Codes
20

SIGNAL RECORD statement executed.

21

Record variable smaller than
record size.

22

Record variable larger than record
size.

23

Record variable length is either
zero or too short to contain the
embedded key.

24

ENDFILE Condition Code
70

Zero length record has been read
from a REGIONAL data set.

SIGNAL ENDFILE statement executed.
or
Attempt to read past the file
delimiter.

TRANSMIT Condition Codes

UNDEFINEDFILE Condition Codes

40

SIGNAL TRANSMIT statement
executed.

80

SIGNAL UNDEFINEDFILE statement has
been executed.

41

Uncorrectable transrrdssi on error
in output data set.

81

42

Uncorrectable transmission error
in input data set.

Conflict in file attributes exists
at open time between attributes in
DECLARE statement and those in
explicit or implicit OPEN
statement.

43

Uncorrectable transmission error

82

Conflict between file attributes
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and physical organization of data
set, e.g. between file
organization and device type.
83

After merging ENVIRONMENT options
'with DD statement and data set
label, data set specification is
incomplete, e.g. blocksize or
record format has not been
specified.

84

No DD statement associating file
with a data set.

85

During initialization of a DIREcr
OUTPUT file associated with a
.REGIONAL data set, an input/output
error occurred.

86

Linesize greater than
implementation-defined maximum.
or
"Invalid value in an ENVIRONMENT
option.

87

After merging ENVIRONMENT options
with DD statement and data set
label, conflict exists in data set
specification, e.g., record format
incompatible wi th block size or
file organization.

STRINGSIZE Condition Code
150

OVERFLOW Condition Code
300

After merging ENVIRONMENT options
with DD statement and data set
label, conflict exists in data set
specification, e.g., record format
:incompatible wi th block size or
file organization.

310

Password invalid or not specified.

91

ENVIRONMENT option invalid for
:file accessing VSAM data set.

92

Error detected by VSAM while
opening a VSAM data set.

93

Unidentified error detected by the
operating system while opening a
data set.

SIGNAL ENDPAGE statement executed.
or
Attempt to start new line when
line number is equal to current
page size.

100

SIGNAL PENDING statement executed.
or
READ issued for TRANSIENT INPUT
:file when message queue empty.

SIGNAL UNDERFLOW statement
executed.
or
Magnitude of a floating-point
number is smaller than the
permitted minimum.

SIZE Condition

C~de

340

SIGNAL SIZE statement executed.
or
High-order non-zero digits have
been lost in an assignment to a
variable or temporary" or
significant digits have been lost
in an input/output operation.

341

High order non-zero digits have
been lost in an input/output
operation.

STRINGRANGE Condition Code
350

PENDING Condition Code

SIGNAL ZERODIVIDE statement
executed.
or
Attempt to divide by zero.

UNDERFLOW Condition Code

ENDPAGE Condition Code
90

SIGNAL FIXEDOVERFLOW statement
executed.
or
Length of result of fixed-point
arithmetic operation exceeds
permitted maximum.

ZERODIVIDE Condition Code

330
89

SIGNAL OVERFLOW statement has been
executed •
or
Magnitude of floating-point number
exceeds permitted maximum.

FIXEDOVERFLOW Condition Code

320
88

SIGNAL STRINGSIZE statement
executed.
or
Characters have been lost in an
assignment to a character~string
variable or temporary or in an
input/output operation.

SIGNAL STRINGRANGE statement
executed.
or
Length of the arguments of a
SUBSTR reference failed to comply
with the rules described for the
SUBSTR built-in function.
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AREA condition Codes
360

Attempt to allocate a based
variable within an area that
contains insufficient free storage
for allocation to be made.

361

Insufficient space in target area
for assignment of source area.

362

SIGNAL AREA statement executed.

condi tion.
606

Error during processing of an
E-format item for a GET STRING
statement.

607

Error during processing of an
E-format item for a GET FILE
statement.

608

Error during processing of an
E-format item for a GET FILE
statement following a TRANSMIT
condition.

609

Error during processing of a
B-format item for a GET STRING
sta te me n1:.

610

Error during processing of a
B-format item for a GET FILE
statement.

611

Error during processing of a
B-format item for a GET FILE
statement following TRANSMIT
condition.

612

Error during character string to
arithmetic conversion.

613

Error during character string to
arithmetic conversion for a GET or
PUT FILE statement.

614

Error during character string to
arithmetic conversion for a GET or
PUT FILE statement following a
TRANSMIT condition.

615

Error during character string to
bit string conversion.

616

Error during character string to
bit string conversion for a GET or
PUT FILE statement.

617

Error during character string to
bit string conversion for a GET or
PUT FILE statement following a
TRANSMIT condition.

ATTEW£ION Condition Code
400

Checkout compiler only: SIGNAL
ATTENTION statement executed
or
Attention signaled from terminal.

CONDITION Condition Code
500

SIGNAL CONDITION (condition)
statement has been executed.

CHECK Condition Codes
510

SIGNAL CHECK statement executed.
or
Value of all or part of variable
is about to change, or execution
of labeled or named statement is
a~out to take place, within scope
of CHECK prefix.

SUBSCRIPTRANGE Condition Code
520

521

SIGNAL SUBSCRIPTRANGE statement
executed.
or
Subscript has been evaluated and
found to lie outside its specified
bounds.
Subscript of iSUB-defined variable
lies outside bounds of
corresponding dimension of base
variable.

CONVERSION Condition Codes
600

SIGNAL CONVERSION statement
executed.
618

601

Invalid conversion attempted
during input/output of a character
string.

Error during character string to
picture conversion.

619

Error during processing of an
F-format item for a GET STRING
statement.

Error during character string to
picture conversion for a GET or
PUT FILE statement.

620

Error during character string to
picture conversion for a GET or
PUT FILE statement following a
TRANSMIT condition.

621

Error in decimal P-format item for
a GET STRING statement.

622

Error in decimal P-format input

603

604

Error during processing of an
F-format item for a GET FILE
statement.

605

Error during processing of an
F-format item for a GET FILE
sta tement f ollowi ng a TRANSMIT
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for a GET FILE statement.
623

Error in decimal P-format input
for a GET FILE statement following
a. TRANSMIT condi ti on.

624

Error in character P-format input
for a GET FILE statement.

625

fxror exists in character P-format
input for a GET FILE statement.

626

for an input/output operation when
already in use.
1016

After UNDEFINEDFILE condition has
been raised as a result of an
unsuccessful attempt to im~licitly
open a file, the file was found to
be unopened on normal return from
the on-unit.

1018

End of file or string was
encountered in data before end of
data-list or (in edit-directed
transmissi OIl) format list.

1019

Attempt to close file which was
not opened in current task.

1020

Further input/output attempted
before WAIT statement executed to
ensure completion of previous
READ.

1021

Attempt to access a record locked
by another file in this task.

1022

Insufficient space on directaccess storage for VSAM data set.

Error exists in character P-format
input for a GET FILE statement
following a TRANSMIT condition.

ERROR Condition Codes
Note: For other ERROR conditions, see
coneli tion codes 3 and 9.
1002

GET or PUT STRING specifies data
t:hat exceeds size of string.

1003

Further output prevented by
,]~RANSMIT or KEY conditions having
been previously raised for the
data set.

1004

Attempt to use PAGE, LINE, or SKIP
~ 0 for non-print file.

1023

Exclusive file closed while
records still locked in a subtask.

1005

In DISPLAY(element-expression)
REPLY <character-variable)
statement, element-expression or
character-variable is of zero
length.

1024

Incorrect sequence of I/O
operations on device-associated
file.

1025

Insufficient virtual storage
available for VSAM to complete
request.

1026

No position is established in
VSAM data set.

1027

Record already held in exclusive
control.

1028

Requested record lies on
non-mounted volume.

1029

Attempt to reposition in VSAM
data set failed.

1500

computational error~ short
floating point argument of SQRT
built-in function is negative.

1501

computational error~ long floating
point argument of SQRT built-in
function is negative.

1502

computational error; extended
floating point argument of SQRT
built-in function is negative.

1503

Computational error in LOG, LOG2,
or LOG10 built-in function:
extended floating point argument
is S o.

1007

A REWRITE or a DELETE statement
has not been preceded by a READ.

1008

Unrecognized identifier in a
string specified in a GET STRING
DATA statement.

1009

An input/output statement
specifies an operation or an
option which conflicts with the
file attributes.

1011

I/O error during closing of
VSAM data set.

1013

Previous input operation
incomplete~ REWRITE or DELETE
statement specifies data which has
been previously read in by a READ
statement wi th an EVENT option.,
and no corresponding WAIT has been
E~xecuted •

1014

1015

Attempt to initiate further
input/output operation when number
of incomplete operations equals
number specified by ENVIRONMENT
option NCP (n) or by default.
Event variable has been specified
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1504

computational error in LOG~ LOG2,
or LOG10 built-in function: short
floating point argument is ~ o.

1505

Computational error in LOG, LOG2
or LOG10 built-in function: long
floating point argument is ~ o.

1506

Computational error in SIN, COS,
SIND, or COSO built-in function:
absolute value of short floating
point argument exceeds (2**18>*pi
(SIN and COS> or (2**18>*180 (SIND
and COSO>.

1507

1508

1509

function exceeds 1.
1519

Computational error: absolute
value of long floating point
argument of ASIN or ACOS built-in
function exceeds 1.

1520

Computational error: absolute
value of extended floating point
argument of ASIN, ACOS built-in
function exceeds 1.

1521

Computational error in SIN, COS,
SIND, or COSO built-in function:
absolute value of long floating
point argument exceeds (2**50>*pi
(SIN and COS> or (2**50>*180 (SIND
and SIND>.

Computational error: extended
floating point arguments of ATAN
or ATANO built-in function both
zero.

1522

Computational error: absolute
value of short floating point
argument of TAN or rAND built-in
functuion exceeds, respectively,
(2**18>*pi or (2**18>*180.

Computational error: absolute
value of extended floating point
argument of TAN or TAND built-in
function ~ (2**106)*pi or
(2**106>*180, respectively.

1550

Computational error: real short
floating-point base is zero and
fixed-point integer exponent not
positive.

1551

Computational error: real long
floating-point base is zero and
fixed-point integer exponent not
positive.

Computational error: absolute
value of long floating point
argument of TAN or TAND built-in
function exceeds, respectively,
(2**50>*pi or (2**50) *180 .•

1510

Computational error: short
floating point arguments of ATAN
or ATAND built-in fUnction both
zero.

1552

Computational error; real short
floating point base is zero and
the floating-point or non-integral
exponent is not positive.

1511

Computational error: long floating
point arguments of ArAN or ATAND
built-in function both zero.

1553

Computational error: real long
floating point base is zero and
the floating-point or non-integral
exponent is not positive.

1514

Computational error: absolute
value of short floating pOint
argument of ATANH built-in
function ~ 1.

1554

Computational error: complex short
floating point base is zero and
fixed-point integer exponent is
not positive.

1555

computational error: complex long
floating point base is zero and
fixed-point integer exponent is
not positive.

1556

Computational error: complex short
floating point base is zero and
floating-point or non-integral
exponent is not positive and real.

1557

Computational error: complex long
floating point base is zero and
floating-point or non-integral
exponent is not positive and real.

1558

Computational error: complex short
floating point argurrent of ATAN or
ATANH built-in function has value,
respectively, of ±11 or ±1.

1S15

1516

1517

1518
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Computational error: absolute
value of long floating point
argument of ATANH built-in
function ~ 1.
Computational error: absolute
value of extended floating pOint
argument of ATANH built-in
function ~ 1.
Computational error in SIN, COS,
SIND, or COSO built-in function:
absolute value of extended
floating point argument exceeds
(2**106)*pi (SIN and COS) or
(2**106>*180 (SIND and COSO).
computational error: absolute
value of short floating point
argument of ASIN or ACOS built-in
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1559

1560

Computational error; complex long
floating point argument of ATAN or
ATANH built-in function has value,
respectively, of ±11 or ±1.

3502

Checkout compiler only: argument
to BIT built-in function less than
zero.

3503

Checkout compiler only:
argument
to CHAR built-in function less
than zero.

3798

ONCHAR or ONSOURCE pseudovariable
used out of context.

3799

In an on-unit entered as a result
of the CONVERSION condition being
raised by an invalid character in
the string being converted, the
character has not been corrected
by use of the ONSQURCE or ONCHAR
pseudovariables.

3800

Checkout compiler only:
length of
data aggregate exceeds system
limit of 2**24 bytes .•

3801

Checkout compiler only:
element
of an array in a structure cannot
be mapped.

3802

Checkout compiler only:
array
bound is out of valid range.

3803

Checkout compiler only:
array has
lower bound greater than upper
bound.

3804

Checkout compiler only: string
has length greater than permitted
maximum.

3805

Checkout compiler only:
string less than zero.

3806

Checkout compiler only:
size of
area exceeds perrni tted maximum.•

3807

Checkout compiler only:
area is less than zero.

3808

Aggregate cannot be mapped in
COBOL or FORTRAN.

Checkout compiler only:
B-format
width unspecified in format list
forGET EDIT statement.

3901

Attempt to invoke task having name
variable that is already
associated with an active task.

Picture description of target does
not match non-character-string
source.

3904

Event variable specified as
argument to COMPLETION
pseudovariable while already in
use for a DISPLAY statement.

3906

Assignment to an event variable
that is already active.

Checkout compiler only: argument
to HIGH built-in function is less
than zero.

3907

Attempt to associate an event
variable that is already
associated with an active task.

Checkout compiler only: argument
to LOW built-in function is less
then zero.

3909

Attempt to create a subtask (using
CALL statement) when insufficient

Computational error; real extended
floating-point base is zero and
fixed-point integer exponent not
positive.

1561

Computational error; real extended
floating pOint base is zero and
floating-point or non-integral
exponent is not positive.

1562

computational error; compl ex
extended floating point base is
zero and integer exponent is not
posi tive.

1563

1564

2002

3000

3004

3005

3006

3008

3500

3501

Computational error; complex
extended floating point base is
zero and floating-point or
non-integral exponent is not
positive.
Computational error; complex
extended floating point argument
of ATAN or ATANH built-in function
has value, respectively, of ±11 or
±1.
WAIT statement cannot be executed
because of restricted system
facility.
Field width, number of fractional
digits, and number of significant
digits (w,d, and s) specified for
E-format item in edit-directed
input/output statement do not
permit transmission without loss
of significant digits or sign.
Checkout compiler only:
A-format
width unspecified in format list
for GET EDIT statement.

Checkout compiler only:
remote
format item specifies label not in
current block.
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not the latest one or when file is
closed.

main storage available.
3910

3911

3912

3913

Attempt to attach a task (using
CALL statement) when number of
active tasks was already at limit
defined by ISASIZE paramter of
EXEC statement.
WAIT statement in on-unit
specifies that an event already
being waited for in task from
which on-unit was entered.
Attempt to execute CALL with TASK
option in block invoked while
executing PUT FILE(SYSPRINT)
statement.
CALL statement with TASK option
specifies an unknown entry point.

3914

Attempt to call FORTRAN or COBOL
routines in two tasks
simultaneously.

4000

Checkout compiler only: use of
uninitialized variable as source.

4001

Checkout compiler only: reference
to CONTROLLED variable before it
has been allocated.

4002

Controlled variable with bound"
length, or size as * has been
specified in an ALLOCATE statement
when no previous allocation
exists.

4003

4050

Checkout compiler only:
IN option
of ALLOCATE statement specifies an
area not the same as that declared
to be associated with offset
variable specified in SET option.
Checkout compiler only: attempt
to refer to a based variable whose
pointer has the null or other
initial value.

4051

Checkout compiler only: attempt
to free a variable that has no
valid allocation in its associated
area.

4052

Checkout compiler only: pointer
addresses based variable whose
attributes differ from attributes
of variable declared with that
pointer value.

4053

4054

376

Checkout compiler only: reference
to based variable when pointer
addresses storage that no longer
contains the variable.
Checkout compiler only: locator
variable refers to a locate mode
input/output buffer when buffer is
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4055

Checkout compiler only: attempt
to assign to an offset variable a
locator that does not reference
storage in the appropriate area.

4056

POINTER or OFFSET built-in
function does not address a valid
allocation of storage in the
specified area.

4057

Checkout compiler only:
locator
qualifying a based variable refers
to storage which has not been
allocated in current task.

4058

Checkout compiler only: a based
structure is referred to by means
of a pointer that is not valid for
that structure.

5000

Checkout compiler only: number of
arguments being passed does not
match number of parameters.

5001

Checkout compiler only:
attributes of argument being
passed do not match attributes of
corresponding parameter.

5002

Checkout compiler only:
attributes of value being returned
do not match those implied by
context of function reference.

5003

Checkout compiler only:
attempt
to return a value from a block
invoked by a CALL statement.

5004

Checkout compiler only: block
invoked as a function without
returning a value.

5005

FORTRAN routine \oK)uld pass invalid
data type.

5050

Checkout compiler only: attempt
to use defined variable whose
storage extends beyond end of base
variable.

POSITION attribute specifies value
greater than permitted maximum.
5051

Checkout compiler only:
size of
simple defined area greater than
that of base variable.

8091

Operation exception.

8092

Privileged operation exception.

8093

EXECUTE exception.

8094

Protection exception.

8095

Addressing exception.

8096

specification exception.

8097

Data exception.

19002

Attempt to execute GO TO
statement specifying label in an
inactive block.

9003

Checkout compiler only: attempt
to invoke an entry point in a
procedure compiled by the
optimizing compiler when that
procedure's containing block is
inactive.

9004

Checkout compiler only: linkage
editor cannot find entry constant
on specified data set.

9005

Checkout compiler only: attempt
to use label variable in a GO TO
statement when value not in label
list.

9050

Program has been terminated by an
abend.

occurrence of two or more interrupts.
I
With processors that do not have
1imprecise interrupts (for example, all
Isystem/360 models excluding the Model 91),
la multiple interrupt can only occur for
the conditions TRANSMIT and RECORD. The
interrupt for TRANSMIT is always processed
first. The interrupt for RECORD will be
ignored unless there is an on-unit for
TRANSMIT that causes normal return.

I

In most of the system/370 range,
Iparticularly the 155, 158, 165, 168, and
Ithe 195, as well as the System/360 Model
191, the processors have a second ty~e of
multiple interrupt, known as an imprecise
interrupt, which can occur during parallel
processing. The interrupt may be due to
the raising of a PL/I condition or a
hardware exception which subsequently
raises the ERROR condition. The conditions
and exceptions that may cause an imprecise
interrupt are shown below, in the order in
which they are processed.
PL/I on-conditions:

9051

,A.ttempt to invoke procedure
compiled by the checkout compiler
from one compiled by the
optimizing compiler.

9101

Checkout compiler only: number of
lines specified in STEPLINES
compiler option has been
transmitted.

1.
2.
3.
4.
5.

UNDERFLOW
FIXEDOVERFLOW
SIZE
OVERFLOW
ZERODIVIDE

Hardware interrupts:

9200

Program check occurred in
SORT/MERGE p~ogram.

9201

SORT is not supported in CMS.

9250

Procedure to be fetched cannot be
found.

9251

Permanent transmission error when
fetching a procedure.

9252

FETCH/RELEASE is not supported in

6.
7.
8.
9.

Event I/O and imprecise interrupts
cannot occur as part of the same multiple
interrupt.
Imprecise interrupt conditions are
processed successively, until one of the
following occurs, in which case no
subsequent, conditions are processed.
1.

The processing of a condition causes
termination of the task, through
either standard system action, normal
return from an on-unit, or abnormal
termination in the on-unit.

2.

Control is transferred out of an onunit by means of a GO TO statement, so
that a normal return is not allowed to
take place.

eMS.

Multiple Interru.pts
A multiple interrupt is the simultaneous

Data exception
Specification exception
Addressing exception
Protection exception
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List of Conditions

1.

This section presents conditions in
alphabetical order.
In general, the
following information is given for each
c ondi t~i on :
1.

General format -- given only when it
consists of more than the condition
name.

2.

!}escription..,.- a discussion of the
condition, including the circumstances
under which the condition can be
raised. Note that an enabled
condition can always be raised by a
SIGNAL statement; this fact is not
i.ncl uded in the descriptions.

3.

gesult -- the result of the operation
that caused the condition to occur.
This applies when the condition is
disabled as well as when it is
enabled.
In some cases, the result is
not defined; that is, it cannot be
predicted. This is stated wherever
applicable.

4.

§tandard system action -- the action
taken by the system when an interrupt
occurs and the programmer has not
specified an on-unit to handle that
i.nterrupt.

5.

Status -- an indication of the
enabled/disabled status of the
condition at the start of the program,
and how the condition may be disabled
(if possible) or enabled.

computational conditions -- those
conditions associated with data
handling:, expression evaluation, and
computation. They are:
CONVERSION
FIXEDOVERFLOW
OVERFLOW
SIZE
UNDERFLOW
ZERODIVIDE

2.

Input/output conditions -- those
conditions associated with data
transmission. They are:
ENDFILE
ENDPAGE
KEY
NAME
PENDING
RECORD
TRANSMIT
UNDEFINEDF'ILE

3.

Program-checkout conditions -- those
conditions that facilitate the
debugging of a program. They are:
CHECK
SUBSCRIPTRANGE
STRINGRANGE
STRINGSIZE

4.

Storage Control condition
AREA

6.

~ormal

return -- the point to which
control is returned as a result of the
normal termination of the on-unit. A
GO TO statement that transfers control
out of an on-uni t is an abnormal onunit termination. Note that if a
condition (except the ERROR condi tion)
has been raised by the SIGNAL
statement, the normal return is always
to the statement immediately following
SIGNAL.

5.

System action conditions -- those
conditions that provide facilities to
extend the standard system action that
is taken after the Occurrence of a
condition or at the completion of a
program. They are:
ERROR
FINISH

6.

Programmer-named condition
CONDITION

Classification of Conditions
The conditions are classified as follows:
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7.

Conversational Processing Condi tiOll
ATTENTION

storage control
Description: The AREA condition is raised
in either of the following circumstances:
1.

2.

When an attempt is made to allocate a
based variable within an area that
contains insufficient free storage for
the allocation to be made.
When an attempt is made to perform an
area assignment, and the target area
contains insufficient storage to
accommodate the allocatio~s in the
source area.

Result: In both cases the attempted
allocation or assignment has no effect.
Standard System Action: In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
Status: AREA is always enabled; it cannot
be disabled.

ATTENTION or ON ATTENTION statement is
replaced by a null statement. In batch
processing under the checkout compiler, a
SIGNAL ATTENTION statement causes an onunit to be entered, or, if there is no
ATTENTION on-unit, causes a comment to be
printed, with no interrupt in the flow of
control.
Standard System Action: Control is passed
to the terminal. The transfer of control
takes place, in general, at the end of the
statement currently being executed. There
are exceptions to this rule if the
statement is a stream input/output
statement or a compound statement. The
exceptions are detailed in'O~S~T~i~m~e~~S~h~a~r~i~n~g~
Option: PL/I Checkout Compiler.
Status: ATTENTION is always enabled under
the checkout compiler; it cannot be
disabled.
Normal Return:
On return from an ATTENTION
on-unit, processing is resumed at a point
in the program immediately following the
point at which the interrupt occurred.

Normal Re'turn:
On normal return from the
on-unit, the action is as follows:
1.

2.

If the condition was raised by an
allocation, the allocation is
reattempted. Before the attempt is
made, the area reference is
reevaluated. Thus, if the on-unit has
changed the value of a pointer
qualifying the reference to the
inadequate area so that it points to
another area, the allocation is
reat'tempted wi thin the new area.
If the condition was raised by an area
assignment, or by a SIGNAL statement,
execution continues at the point of
interrupt.

ATTENTION
Abbreviation:

CHECK [(name-list»)

Program Checkout

The optional "name list" is one or more
names separated by commas; a name may be a
qualified name. Each name must be one of
the following:
1.

An entry constant.

2.

A label constant.

3.

An unsubscripted variable representing
an element" an array, or ,a structure,
of any data type. The variable must
not be iSUB-defined, and must not be
explictly qualified by a locator in
th e name-l ist •

Conversational processing
ATTN

Description: The ATTENTION condition is
raised when the programmer signals
attention at the terminal during
conversational processing under the
checkout compiler. The condition cannot be
raised under the optimizing compiler.
Raising the condition interrupts processing
to pass control to the terminal, or to
enter an ,A..TTENTION on-unit.
The condition can be raised by a SIGNAL
A..TTENTION statement in batch or
conversational processing.
Under the optimizing compiler, a SIGNAL

Under the optimizing compiler, the
following restrictions apply to based
variables in the name list:
a.

the variable must not have the
OFFSET attribute.

b.

the variable must not be a member
of a structure declared with the
REFER option.

c.

The pointer on which the variable
is based must not be based,
defined, or a parameter, and it
must not be a member of an array
or structure.

Under the optimizing compiler, defined
variables in the name list must not
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statement label constant. the
condition is raised and the interrupt
occurs prior to the execution of the
statement to which the label is
prefixed.
If the label is prefixed to
a FORMAT statement, the condition is
not raised.

have been defined:
a.

On a controlled variable.

b.

On an array with one or more
adjustable bounds.

c.

With a POSITION attribute that
specifies other than a constant.

The names appearing in a CHECK prefix
refer to the names known within the block
or statement to which the prefix is
attached.
Under the optimizing compiler,
the maximum number of names that may be
specified in the name-list is 255. There
is no limit under the checkout compiler.
Description: The CHECK condition is raised
only within the scope of a CHECK condition
prefix.
Such a condition prefix may be
prefixed to any statement except a DECLARE,
DEFAUI.T or ENTRY statement. The CHECK
condit~ion is enabled separately for each
name in the list of the CHECK prefix.
For
example, the prefix (CHECK (A,B,C»:
is
equivalent to (CHECK (A»:
(CHECK (B»:
(CHECK (C»:.
Hence, the action
specification can be controlled separately
for each name. Alternatively, if no name
list is given, the condition is enabled for
each variable, entry constant, and label
constant within the scope of the CHECK
prefix.
Under the checkout compiler, a
label on the same statement as a CHECK
prefix is not included in the scope of the
prefix, but is included under the
optimizing compiler.
The REVERT statement can be used to
change the action specification for one or
more names in the list. Also, a NOCHECK
prefix can be used to disable the CHECK
condition for specific names.
If the name of a structure or array of
structures appears in the name list
following CHECK, such a list is equivalent
to onE~ that contains, in the order in which
they were declared, the elements of that
structure or array of structures.
For
example, if P is defined:
DECLARE 1 P, 2 Q, 2 R, 2 S:

2.

If a name in the CHECK prefix is a
variable (as specified in the general
format above), the condition is raised
whenever the value of the variable, or
of any part of the variable, is
changed by any statement within the
scope of the prefix.
Specifically, if the identifier ID
represents the variable, the condition
is raised in the following cases:
a.

ID appears on the left-hand side
of an assignment statement.
(This
applies t.o BY NAME assignment only
if the name mentioned changes its
value. )

b.

ID is set as a result of a
pseudovariable appearing on the
left-hand side of an assignment
statement.

c.

ID appears as the control variable
of a DO-group or a repetitive
specification in a data list (or
it is set as a result of a
pseudovariable appearing as the
control variable of a DO-group or
a repetitive specification in a
data list).

d.

10 appears in the data list of an
edit-directed or list-directed GET
statement.

e.

10 is altered by data-directed
input.

f.

ID appears in the REPLY option of
a DISPLAY statement.

g.

ID appears in the STRING option of
a PUT statement.

h.

ID is passed as an argument to a
programmer-defined procedure, no
dummy argument is created, the
procedure terminates with a RETURN
or END, and the procedure is not
invoked with the TASK, PRIORITY,
or EVENT option.

i.

ID appears in the KEYTO or INTO
option of a READ statement. Note
that if the READ statement has an
EVENT option, the CHECK condition
will net be raised.

j.

ID is a locator variable and

then:
CHI'~CK

(P)

is- equivalent to:
CHECK (P.Q, P.R, P.S)
The CHECK condition is raised wi thin the
scope of a CHECK prefix in any of the
following cases:
1.

If a name in the CHECK prefix is a
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k.

appears in a SET option or is set
i.mplicitly.

effect on the statement being executed.

1D is a non-static variable set by
t:he INITIAL attribute.

Standard System Action:
In the absence of
a CHECK on-unit, the output consists of the
current statement number together with the
data shown in figure H.1.

In a ,. b, d, and g above" if ID is a
data aggregate, the CHECK condition is
raisE~d and the interrupt occurs each
time an element of that aggregate is
given a value. If ID is an element of
a dat:a aggregate, the condition is
raisE~d for that element only, not the
wholE~ array.
The condition is not raised under any
of the following ci rcumstances:
a.

If the value of a variable defined
on ID or on part of ID changes in
any of the ways described above.

b.

If the parameter that represents
the argument ID changes value.

c.

If ID appears in a GO TO or RETURN
statement or any statement that
involves the execution of a GO TO
or RETURN statement.

r-----------------------------------------,
.
Variable or
I Checkout 10ptimizing
Arithmetic or
string variable
Area, file" entry
event, label,
locator or task
variable
Entry or label
constant

The interrupt for a CHECK condition
occu:cs immediately after the
assiqnment to ID, except in case h.
Then it occurs immediately after
execution of the subroutine's RETURN
or END statement. In a DO statement,
the interrupt occurs each time control
proceeds sequentially to the statement
following the DO statement. If the DO
specifies repeti ti ve execution, the
interrupt occurs each time the control
variable changes value.
If a statement causes a CHECK
condition to be raised for several
names, the conditions will be raised
in the left-to-right order of
appearance of the names.
3.

If an identifier in the CHECK prefix
name list is an entry constant, the
condition is raised and the interrupt
occurs prior to each invocation of the
entry point corresponding to the entry
constant. The condition is raised
only if the entry point is invoked by
the entry constant given in the
prefix.

Result:

When CHECK is raised, there is no

I Compiler

Name and Value

I

I

I

!
!
I

lAs for PUT!
I DATA
I

!
I

Name

L-----------------------------------------J
Figure H.1.

Note that in all of the above
contexts, ID can appear in subscripted
or qualified form.
Note also that ID
need not appear in the name 11 st of a
CHECK prefix; it only need represent a
structure or element contained by, or
containing, a name in the list.

I Compiler

Constant

Output for CHECK condition

If SIGNAL CHECK without a name-list is
given, in the absence of a CHECK on-unit,
within the scope of a CHECK prefix that is
also without a name list, all problem data
identifiers within the scope of the prefix
are printed., together with their values.
In addition, under the Checker the names
and values of all internal program control
variables and the names of all external
program control variables within the scope
of the prefix are printed.
Note: Standard system action for the CHECK
condition requires access to the variable;
consequently, if SIGNAL CHECK is given for
an unallocated variable, an error will
result, as it would if the variable were
accessed by an on-unit. Under the checker,
a comment will be printed and execution
continued if the variable has the INTERNAL
attribute; variables with the EXTERNAL
attribute or any variable under the
optimizer will raise ERROR.
Status: CHECK is disabled by default and
within the scope of a NOCHECK condition
prefix. It is enabled only within the
scope of a CHECK prefix.
For other details of the enabling and
disabling of the CHECK condition, see
chapter 14, "Execution-Time Facilities of
the Checkout Compiler".
Normal Return: Upon the normal completion
of the on-unit for the CHECK condition,
execution continues immediately following
the point at which the interrupt occurred.
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CONDITION (name)
Abbreviation:

Programmer-Named
COND(name)

ThE~ "name" must be specified by the
programmer.
The appearance of an
identifier with CONDITION in an ON, SIGNAL,
or REVERT statement constitutes a
contextual declaration for it; the
identifier is given the ExrERNAL attribute.

An identifier may also be declared
explicitly as a condition name by means of
the CONDITION attribute.
Description: CONDITION is raised by a
SIGNAL statement that specifies the
appropriate identifier. The identifier
specified in the SIGNAL statement
determines which CONDITION condition is to
be raised.
Standard System Action: In the absence of
an on··uni t for this condi tion, the system
printB a message and continues with the
statement following SIGNAL.
Statu~:

CONDITION is always enabled; i t
cannot: be disabled.

current action specification for the
condition is executed. If the action
specification is an on-unit, the invalid
character can be corrected within the unit
by using the ONSOURCE or ONCHAR
pseudovariables. When one of these
pseudovariables has been used. the
conversion is retried on return from the
on-unit. If the error has not been
corrected the program will loop. If these
pseudovariables have not been used the
ERROR condition is raised.
Result: When CONVERSION occurs, the
contents of the entire result field are
undefined.
Standard System A~tion:
In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
Status: CONVERSION is enabled throughout
the program, except within the scope of a
condition prefix specifying NOCONVERSION.
Normal Return: Upon the normal termination
of the on-unit for this condition, control
returns to the beginning of the string and
the conversion is retried.

Normal Return: Upon the normal completion
of thE~ on-uni t, execution continues wi th
the statement following the SIGNAL
statement that caused the interrupt.

ENDFILE (element-file-exprl

CONVERSION

Description: The ENDFILE concition can be
raised during a GET or READ operation; it
is caused by an attempt to read past the
file delimiter of the file named in the GET
or READ statement. It applies only to
SEQUENTIAL INPUT, SEQUENTIAL UPDATE and
STREAM INPUT files.

Abbreviation:

Computational
CONV

Description: The CONVERSION condition
occurB whenever an invalid conversion is
attempted on character-string data. This
attempt may be made internally or during an
input/output operation. For example, the
condition occurs when a character other
than 0 or 1 exists in a character string
being converted to a bit string; other
examples are when a character string being
converted to a numeric character field
contains characters not permitted by the
PICTURE specification, or when a string
being converted to coded arithmetic data
does not contain the character
representation of an arithmetic constant.
All conversions of character-string data
are carried out character-by-character in a
left-to-right sequence and the condition
occurs for each invalid character. The
condition is also raised if all the
characters in the string are blank. When
an invalid character is encountered" an
interrupt occurs (provided, of course, that
CONVERSION has not been disabled) and the
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Input/Output

In record-oriented I/O, ENvFILE is
raised whenever a file delimiter is
encountered during the execution of a READ
statement.
In stream-oriented I/O, ENDFILE is
raised during the execution of a GET
statement if a file delimiter is
encountered either before any items in the
GET statement data list have been
transmitted or between transmission of two
of the data items.
If a file delimiter is
encountered within a data item, or if it is
encountered while an X format item is being
implemented, the ERROR condition is raised.
If the file is not closed after ENDFILE
occurs, then any subsequent GET or READ
statement for that file immediately raises
the ENDFILE condition again.
If ENDFILE is raised by an input/output
st atement us ing the EVENT option, the
interrupt does not take place until the
execution of a subsequent WAIT statement

for that event in the same procedure.

If ENDPAGE is raised during data
transmission, then, on return from the onunit, the data is written on the current
line, which may have been changed by the
on-unit. If ENDPAGE results from a LINE or
SKIP option, then, on return from the onunit, the action specified by LINE or SKIP
is ignored.

Standard System Action: In the absence of
an on-uni"t, the system prints a message and
raises the ERROR condition.
status: The ENDFILE condition is always
enabled; :it cannot be disabled.
Normal Re·turn:
Upon the normal termination
of the on·-unit for the condition, execution
continues with the statement immediately
following the GET or READ statement that
caused the ENDFILE (or, if ENDFlLE was
raised by a READ with the EVENT option,
control passes back to the WAIT statement
from which the on-unit was invoked).
Note: If a file is closed in an on-unit
for--this condition, the results of normal
return are undefined. Exit from sucn an
on.-uni t should be by means of a GO TO
statement ..

ENDPAGE (element-file-expr)

Input/Output

Description:
The ENDPAGE condition is
raised when a PUT statement results in an
attempt to start a new line beyond the
limit specified for the current page. This
limit can be specified by the PAGESIZE
option in an OPEN statement: if PAGESIZE
has not been specified, a default limit of
60 is applied. The attempt to exceed the
limit may be made during data transmission
(including associated format items, if the
PUT statement is edi t-directed), by the
LINE option, or by the SKIP option.
ENDPAGE can also be raised by a LINE option
or LINE format item that specified a line
number less than the current line number.
When ENDPAGE is raised, the current line
number is one greater than that specified
by the PAGESIZE option (or 61, if the
default applies) so that it is possible to
continue writing on the same page. The onunit may start a new page by execution of a
PAGE option or a PAGE format item, which
sets the current line to 1.
I
ENDPAGE is raised only once per page,
lexcept when it is raised by the SIGNAL
I statement.
If the on-unit does not start a
new page, the current line number may
increase indefinitely. If a subsequent
LINE option or LINE format item specifies a
line number that is less than or equal to
the current line number, ENDPAGE is not
raised, but a new page is started with the
current line set to 1. An exception is
that if the current line number is equal to
the specified line number, and the file is
positioned on column 1 of the line, ENDPAGE
is not raised.

I

If a SIGNAL statement is used to raise
IENDPAGE, this ccndition can also occur
Iduring output of the page.
Standard System Action:
In the absence of
an on-unit, the system starts a new page.
If the condition is signaled, execution is
unaffected and continues with the statement
following the SIGNAL stateme~t.
status:
ENDPAGE is always enabled: it
cannot be disabled.
Normal Return: U?on the normal completion
of the on-unit for this condition,
execution of the PUT statement continues in
the manner described above.

system Action
Description: The ERROR condition is raised
under the following circumstances:
1.

As a result of the standard system
action for an ON-condition for which
that action is to "print an error
message and raise the ERROR
condi tion".

2.

As a result of an error (for which
there is no ON-condition) occurring
during program execution.

3.

As a result of a SIGNAL ERROR
statement.

Standard System Action:
the processing mode:

This depends on

Batch processing (optimizing or checkout
compiler): If the condition is raised
in the major task, the FINISH condition
is raised and the task is terminated.
If the condition is raised in any other
task, the task is terminated.
Conversational processing (checkout
compiler only): control is passed to
the terminal. Processing that is then
initiated at the terminal takes place as
if it were in an ERROR on-unit, and
completion of this processing (other
than by a GO TO statement out of the onunit) constitutes a return from the onunit.
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Status: ERROR is always enabled; it cannot
be disabled.

Normal Return: Upon the normal completion
of the on-unit. execution of the
interrupted statement is resumed.

Normal Return:
With certain exceptions,
this depends on the processing mode:
computational

FIXEDOVERFLOW
Batch processing (optimizing or checkout
compiler): The standard system action
for batch processing mode is taken.
Conversational processing (checkout
compiler only): The FINISH condition is
raised.
The exceptional cases occur under the
checkout compiler when a SIGNAL ERROR
statement is executed in place of a
statement in which the compiler has found
an error.
In these cases, normal return 1S
to the statement follOwing the one- in which
ERROR lriaS signalled. The cases are
characterized by an oncode of 3.

FINISH

System Action

Description: The FINISH condition is
raised during execution of a statement
which would cause the termination of the
major -task of a PL/I program, that is, by a
STOP statement in any task, or an EXIT
statement in the major task, or a RETURN or
END statement in the initial procedure of
the major task. The condition is also
raised by SIGNAL FINISH in any task, and as
part of the standard system action for the
ERROR condition. The interrupt occurs in
the task in which the statement is
executed, and anyon-unit specified for the
condition is executed as part of that task.
An abnormal return from the on-unit will
avoid any subsequent task termination
processes and permit the interrupted task
to continue.
Standard System Action:
the processing mode:

This depends on

Abbreviation:

FOFL

Description: The FIXEDOVERFLOW condition
occurs when the length of the result of a
fixed-point arithmetic operation exceeds
the maximum length allowed by the
implementation. This maximurr. is 15 for
decimal fixed-point values and 31 for
binary fixed-point values.
Result: The result of the invalid fixedpoint operation is undefined.
Standard System Action:
In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
Status: FIXEDOVERFLOW is enabled
throughout the program, except within the
scope of a condition prefix that specifies
NOFIXEDOVERFLOW.
Normal Return: Upon normal termination of
the on-unit for this condition, control
returns to the point immediately following
the point of interrUpt.
INote: If the SIZE condition is disabled,
Ian ~ttempt to assign an oversize numb~r to
la fixed decimal variable may raise the
I FIXEDOVERFLOW condition.

KEY (element-file-expr)

Input/Output

Description: The KEY condition can be
raised only during operations on keyed
records.
It is raised in any of the
following cases:

Batch processing (optimizing or checkout
compiler):
No action is taken; that is,
processing is continued from the point
at which the condition was raised.

1.

The keyed record cannot be found.

2.

An attempt is made to add a duplicate
key.

Conversational processing (checkout
compiler only): Control is passed to
the terminal. Processing that is then
initiated at the terminal takes place as
if i t were in a FINISH on-unit, and
completion of that processing (other
than by a GO TO statement out of the onunit) constitutes a normal return from
the on-unit.

3.

The key is ou-t of sequence.

4.

An error occurred in the conversion of
the key.

5.

The key has a null string or begins
with the dummy record string (8) 'l'B.

6.

No space is available to add the keyed
record.

Status: FINISH is always enabled; it
cannot be disabled.

7.

The key is outside the data set limits
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8.

(regional data sets only).

variable:

The key of a record to be added lies
outside the range(s) specified for the
data set.
(This case applies only to
VSAM key-sequenced data sets.)

A non-blank delimiter (co~ma,
semicolon, or end-of-file mark) on
left hand side of equals sign.

Note: When a LOCATE statement is used
for a~ VSAM key-sequenced data set, the
KEY condition for this LOCATE
statement is not raised until
transmission of the record is
attempted; that is, at the next WRITE
or LOCATE statement for the file, or
when the file is closed.

A non-blank character bet:ween the
right parenthesis and the equal sign
A subscript character is not a digit
2.

If KEY is raised by an input/output
statement using the EVENT option, the
interrupt does not occur until the
execution of a subsequent WAIT statement
for that E!Vent in the same procedure.
When a LOCATE statement is used for a
REGIONAL (3) data set with V-format or Uformat records, and there is not enough
room in the specified region, the KEY
condition is not raised until transmission
of the record is attempted.
Neither the
record that causes the condition to be
raised nor the current record is
transmi tt E!d.

There is an invalid blank in the
variable:
Wi thin the name or
(Note: Blanks are
side of the period
name, or between a
a subscript)

3.

a subscript value.
permitted on either
in a qualified
sign and a digit in

The name is missing or invalid:
No counterpart in the data list
If there is no data list, the name is
not known in the block
Qualified name is not fully qualified

standard System Action: In the absence of
an on-uni t:, the system prints a message and
raises the ERROR condition.

More than 256 characters for a fully
qualified name
The name is iSUB-defined

Status: KEY is always enabled; it cannot
be disabled.
4.
Normal Return:
Upon the normal completion
of the on-·unit for this condition, control
passes to the statement immediately
following the statement that caused KEY to
be raised (or, if KEY was raised by an
input/output statement with the EVENT
option, control passes back to the WAIT
statement from which the on-unit was
invoked) •
Note: If a file is closed in an on-unit
for this condition, the results of normal
return are undefined. Exit from such an
on-unit should be by means of a GO TO
statement.

NAME (element-file-expr)

Input/Output

Description: The NAME condition can be
raised only during a data-directed GET
statement with the FILE option.
It is
raised in any of the following situations
where an lmrecognizable element variable
appears in the stream:
1~

There is an invalid character in the

A subscript list is missing or
invalid:
A subscript is missing
Incorrect number of subscripts
More than five digits in a subscript
(1 e.ading zeros ignored)
A subscript is beyond the permitted
range

The programmer may retrieve the
incorrect data field by using the built-in
function DATAFIELD in the on-unit.
Standard System Action:
In the absence of
an on-unit., the system ignores the
incorrect data field, prints a message, and
continues the execution of the GET
statement.
status: NAME is
be disabled.

~lways

enabled; it cannot

Normal Return: Upon the normal completion
of the on-unit for this condition, the
execution of the GET statement continues
with the next identifier in the stream.
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OVERFLOW
Abbreviation:

Computational
OFL

Description:
The OVERFLOW condition occurs
when the magnitude of a floating-point
number exceeds the permitted maximum. The
magnitude of a floating-point number or
intermediate result must not be greater
than approximately 10 75 or 2252.

RECORD (element-file-expr)

Description: The RECORD condition can be
raised only during a READ, WRITE, LOCATE,
or REWRITE operation. It is raised by any
of the following:
1.

When the record length specified for a
file with fixed-length records is
smaller than the variable in a READ
INTO statement; the remainder of the
variable is undefined.
If the
variable is a varying-length string,
RECORD is not raised if the
SCALARVARYING option is applied to the
file.

2.

When the record is larger than the
variable in a READ INTO statement; the
remainder of the record is lost.

3.

When the maximum record length is
smaller than the variable in a WRITE,
REWRITE, or LOCATE statement. For
WRITE or REWRITE, the remainder of the
variable is lost; for LOCATE" the
variable is not transmitted.

4.

When the record length specified for a
file with fixed-length records is
larger than the variable in a WRITE,
REWRITE, or LOCATE statement: the
remainder of the record is undefined.
If the variable is a varying-length
string, RECORD is not raised if the
SCALARVARYING option is applied to the
file.

5.

When the variable in a WRITE or
REWRITE statement indicates a zero
l,ength; no transmission occurs. If
the variable is a varying-length
string, RECORD is not raised if the
SCALARVAR YING opti on is applied to the
file.

.6.

When the variable in a WRITE or
REWRITE statement is too short to
contain the data set embedded key; no
transmission occurs.
(This case
currently applies only to VSAM keysequenced data sets.)

Result: The value of such an invalid
floating-point number is undefined.
Standard System Action: In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
Status: OVERFLOW is enabled throughout the
program, except within the scope of a
condition prefix specifying NOOVERFLOW.
Normal Return: Upon normal termination of
the on-unit for this condition, control
returns to the point immediately following
the point of interrupt.

PENDING (element-file-expr)

Input/Output

Description: Except when signaled, the
PENDING condition can be raised only during
execution of a READ statement for a
It is raised when an
rRANSIENT INPU'!' file.
attempt is made to read a record that is
temporarily unavailable (i.e., when the
message queue associated with the file
contains no messages at the time the READ
statement is executed).
Standard system Action: In the absence of
an on-unit, the action is as described for
normal return.
Status: PENDING is always enabled; it
cannot be disabled.
Normal Return:
Upon the normal completion
of the on-unit for this condition, control
returns to the point of interrupt (unless
the condition was signaled), where
execution is suspended until an appropriate
record becomes available.
If the condition
was signaled, execution continues with the
statement immediately following the SIGNAL
statement that caused the interrupt.
Note: The value of the ONKEY built-in
function when the PENDING condition is
raised is a null string.
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Input/Output

If the SCALARVARYING option is applied
to the file (it must be applied to a file
using locate mode to transmit varyinglength strings), a 2-byte length prefix is
transmitted with an element varying-length
string_ The length prefix is not reset if
the RECORD condition is raised.
If the
SCALARVARYING option is not applied to the
file, the length prefix is not transmitted;
on input, the current length of a varyinglength string is set to the shorter of the
record length and the maximum length of the
string.

If RECORD is raised by an input/output
statement using the EVENT option, the
interrupt does not occur until the
execution of a subsequent WAIT statement
for that event in the same procedure.
The RECORD condition is not raised for
undefined-length records read from:
A CONSECUTIVE data set to a SEQUENTIAL
UNBUFFERED file
A REGIONAL(3) data set to a DIRECT file
Standard system Action: In t'he absence of
an on-unit, the system prints a message and
raises the ERROR condition.
Status: RECORD is always enabled; it
cannot be disabled.
Normal Return:
Upon normal completion of
the on-unit, execution continues with the
statement immediately following the one for
which RECORD occurred (or if RECORD was
raised by an input/output statement with an
EVENT option, control returns to the WAIT
statement from which the on-unit was
invoked) •
Note: If a file is closed in an on-unit
for this condition, the results of normal
return are undefined. Exit from such an
on-unit should be by means of a GO TO
statement.

SIZE is the declared or default size., not
the actual size in storage.
For example, a
fixed binary item of precision (20) will
occupy a fullword in storage, but SIZE is
raised if a value whose size exceeds FIXED
BINARY(20)' is assigned to it.
Result: The contents of the data item
receiving the wrong-sized value are
undefined.
Standard System Action:
In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
Status: SIZE is disabled within the scope
of a NOSIZE condition prefix and elsewhere
throughout the program, except within the
scope of a condition prefix specifying
SIZE. Under the checkout compiler, the
standard system action takes place for SIZE
under the circumstances given under
"Description" above" even when the
condition is disabled; no on-unit for this
condition can be entered, however, while it
is di sabled.
Normal Return: Upon normal termination of
the on·unit for this condition, control
returns to the point immediately following
the point of interrupt.

P roqram-Checkout

STRINGRANGE
Abbreviation:

STRG

computational
Description: The SIZE condition occurs
only when high-order (i.e., leftmost)
significant binary or decimal digits are
lost in an assignment to a variable or an
intermediate result or in an input/output
operation. This loss may result from a
conversion involving different data types,
different bases, different scales, or
different precisions.
The SIZE condition differs from the
FIXEDOVERFLOW condition in that, whereas
FIXEDOVERFLOW occurs when the size of a
calculated fixed-point value exceeds the
maximum allowed by the implementation (see
the description of the FIXEDOVERFLOW
condition), SIZE occurs when the size of
the value being assigned to a data item
exceeds the declared (or default) size of
the data item. SIZE can be raised on
assignment of a value regardless of whether
or not FIXEDOVERFLOW was raised in the
calculation of that value.
The declared size is not necessarily the
actual precision with which the item is
held in storage; however, the limit for

Definition: The STRINGRANGE condition is
raised whenever the lengths of the
arguments to a SUBSTR reference fail to
comply with the rules described for the
SUBSTR built-in function.
It is raised for
each such reference.
Standard System Action: A message is
printed and processing continues as
described for normal return.
Status: STRINGRANGE is disabled by default
and within the scope of 'a NOSTRINGRANGE
condition prefix. It is enabled only
within the scope of a STRINGRANGE condition
prefix. Under the checkout compiler, the
standard system action takes place for
STRINGRANGE under the circumstances given
under fI Defin it ion" above, even when the
condition is disabled; no on-unit for this
condition can be entered, however, while it
is di sabled.
Normal Return: On normal return from the
on-unit, execution continues with a revised
SUBSTR reference whose value is defined as
follows:
Assuming that the length of the source
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string (after execution of the on-unit, if
specified) is k, the starting point is i,
and the length of the substring is j;
1.

If i is greater than k the value is
the null string.

2.

If i is less than or equal to k, the
val ue is that substring beginning at
the roth character or bit of the source
string and extending n characters or
bits, where
and g are defined by:

m

m=MAX (i, 1)
n=MAX(O,MINCj+MIN(i,1)-1,k-m+1»
lif j is specified]
n=k-m+1
lif j is not specified]
This means that the new arguments are
forced within the limits.
The values of i and j are established
before entry to the on-unit; they are not
reevaluated on return from the on-unit.
The value of k may change in the on-unit
if the first argument of SUBSTR is a
varying-length string. The value g is
computed on return from the on-unit using
any new value of k.

Abbreviation:

SUBRG

Description: SUBSCRIPTRANGE can be raised
whenever a subscript is evaluated and found
to lie outside its specified bounds. The
condition is also raised when an iSUB
subscript is outside the range given in the
declaration of the iSUB defined array. The
order of raising SUBSCRIPTRANGE relative to
evaluation of other subscripts is
undefined.
Result: When SUBSCRIPTRANGE has been
raised, the value of the illegal subscript
is undefined" and, hence, the reference is
also undefined.
Standard System Ac:tion:
In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
Status: SUBSCRIPTRANGE is disabled by
default and within the scope of a
NOSUBSCRIPTRANGE condition prefix. It is
enabled only within the scope of a
SUBSCRIPTRANGE condition prefix. Under the
checkout compiler., the standard system
action takes place for SUBSCRIPTRANGE under
the circumstances given under "Description"
above., even when the condition is disabled;
no on-unit for this condition can be
entered, however, whil e it is disabled.
Normal Return: Normal return from a
SUBSCRIPTRANGE on-unit raises the ERROR
condition.

STRINGSIZE
Abbreviation:

Program-Checkout
STRZ

TRANSMIT

Definition: The STRINGSIZE condition is
raised when a string is about to be
assigned to a shorter string.
Resul t: After the interrupt" the truncated
string is aSSigned to its target string.
The right hand characters or bits of the
source string are truncated so that the
target string can accomodate the source
string.
Standard System Action: A message is
printed and processing continues.

Celement-fil~-expr)

Inpu t/Out.put

Description: The TRANSMIT condition can be
raised during any input/output operation.
It is raised by a permanent transmission
error and therefore signifies that any data
transmitted is potentially incorrect.
During input, TRANSMIT is raised after
assignment of the potentially incorrect
record. If records are blocked, TRANSMIT
is raised for each subsequent record in the
block. During output, TRANSMIT is raised
afte~ transmission of the potentially
incorrect data item has been attempted.

Status: STRINGSIZE is disabled by default
and within the scope of a NOSTRINGSIZE
condition prefix. It is enabled only
within the range of a STRINGSIZE condition
prefix.

If records are blocked" transmission
will occur when the block is complete,
rather than after each I/O statement

Normal Return:
On normal return from the
on-unit, execution continues from the point
of interruption.

When a spanned record is being updated,
the TRANSMIT condition is raised on the
last segment of a record only. It is not
raised for any subsequent records in the
s arne block, although the integrity of these
records cannot be assumed.

SUBSCRIPTRANGE

388

Program-Checkout

OS PL/I CKT AND OPT LRM PART II

If TRANSMIT is raised by an input/output

statement using the EVENT option, the
interrupt does not take place until the
execution of a subsequent WAIT statement
for that event in the same procedure.
standard system Action: In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
status: TRANSMIT is always enabled; it
cannot be disabled.
Normal Return: Upon the normal completion
of the on-unit, processing continues as
though no error had occurred, allowing
another condition (e.g., RECORD) to be
raised by the statement or data item that
raised the TRANSMIT condition.
(If
TRANSMIT is raised by an input/output
statement with an EVENT option, control
returns to the WAIT statement from which
the on-unit was invoked.>
Note: If a file is closed in an on-unit
for this condition, the results of normal
return are undefined. Exit from such an
on-unit should be by means of a GO TO
statement

UNDEFINEDFlLE (element-file-expr)
Input/Output
Abbreviat,ion:

UNDF (element-file-expr)

Description: The UNDEFINEDFILE condition
is raised whenever an attempt to open a
file is unsuccessful.
If the attempt is
made by means of an OPEN statement that
specifies more than one file name, then the
condition is raised as follows:
Checkout compiler:
to open each file

After an attempt

Optimizing compiler: After attempts
to open all the other files specified
in 1::he statement
If the condition is raised for more than
one file in the same OPEN statement, onunits will be executed according to the
order of appearance (taken from left to
right) of the file names in that OPEN
statemen1::.
If the condition is raised by an
implicit file opening in an input/output
statement: without the EVENT option, then,
upon normal return from the on-unit,
processing continues with the remainder of
the interrupted input/output statement. If
the file was not opened in the on-unit,
then the statement cannot be continued and
the ERROR condition is raised.
If the condition is raised by an

implicit file opening in an input/output
statement having an EVENT option, then the
interrupt occurs before the event variable
is initialized. In other words, the event
variable retains its previous value and
remains inactive. On normal return from
the on-unit, the event variable is
initialized, that is, it is nade active and
its completion value is set to 'O'B
(provided the file has been opened in the
on-unit). processing then continues with
the remainder of the interrupted statement.
However, if the file has not been opened in
the on-unit, the event variable remains
uninitialized, the statement cannot be
continued, and the ERROR condition is
raised.
Some cases for which the UNDEFINEDFILE
condition is raised are as follows:
1.

A conflict in attributes exists.

2.

The blocksize has not been specified.

3.

There is no recognizable DO statement
for the file.

4.

The TOTAL option of the environment
attribute has been specified and
either attributes have been added on
an OPEN statement or attributes
implied by an I/O statement conflict
with default attributes.

standard System Action: In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
status: UNDEFlNEDFILE is always enabled;
it cannot be disabled.
Normal Return:
Upon the normal completion
of the final on-unit, control is given to
the statement immediately following the
statement that caused the condition to be
raised (see "Description" for action in the
case of an implicit opening).

UNDERFLOW

Computational

Abbreviation:

UFL

Description: The UNDERFLOW condition
occurs when the magnitude of a floatingpoint number is smaller than the permitted
minimum.
(For System/360 and System/370
implementations, the magnitude of a nonzero floating-point value may not be less
than approximately 10- 78 or 2- 26 °.)
UNDERFLOW does not occur when equal
numbers are subtracted (often called
significance error).
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Note that the expression X**(-Y) (where
Y>O) can be evaluated by taking the
reciprocal of X**Yi hence, the OVER~"LOW
condition may be raised instead of the
UNDERFI~OW condition.
Result: The invalid floating-point value
is set to o.
Standard System Action: In the absence of
an on-lmit, the system prints a message and
continues execution from the point at which
the int~errupt occurred.
Status: UNDERFLOW is enabled throughout
the program, except within the scope of a
condition prefix specifying NOUNDERFLOW.
Normal Return: Upon normal termination of
the on-·unit for this condition, control
returns to the point immediately following
the poi.nt of interrupt.

ZERODIVIDE
A.bbreviation:

390
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DescriPtion: The ZERODIVIDE condition
occurs when an attempt is made to divide by
zero. This condition is raised for fixedI point and floating-point division. The
I optimizing compiler may also raise this
I condition, instead of FIXEDOVERFLOW, when
I the result of a conversion from decimal to
Ibinary exceeds the maximum length allowed
Iby the implementation, that is, 31.
Result: The result of a division by zero
is undefined.
Standard System Action:
In the absence of
an on-unit, the system prints a message and
raises the ERROR condition.
Status: ZERODIVIDE is enabled throughout
the program, except within the scope of a
condition prefix specifying NOZERODIVIDE.
Normal Return: Upon normal termination of
the on-unit for this condition, control
returns to the point immediately following
the point of interrupt.

Section I: Attributes

This section gives detailed descriptions of
all attributes in alphabetical order.
Alternative attributes are discussed
together ..
FigurE~ I.l has been compiled from the
individual rules for attributes and is
intended to serve as a quick. reference to
the following:

1.
2.

3.

The classification of attributes
according to data type.
The valid combinations of attributes
that may be applied to a data item.
For a variable, attributes must be
selected from the columns Data
Attributes, Scope Attributes, Storage
Attributes, and Alignment Attributes.
For the types of constants shown in
the table, attributes must be selected
from columns Data Attributes and Scope
Attributes.
Note that a complete set
of attributes for a data item may be
obtained by explicit or contextual
d~claration and programmer-defined or
standard defaults.
Those attributes that conflict.
Att:ributes shown as applying to one
data type conflict with those of any
other data type, except for those
attributes shown as applying to both
types. Alternative attributes within
a data type, e.g., BIT and CHARACTER,
are conflicting.

The ALIGNED and UNALIGNED attributes
specify the positioning of data elements in
storage, to influence speed of access or
storage economy respectively. They may be
specified for element, array, or structure
variables.
ALIGNED specifies that the data element
is to be aligned on the storage boundary
corresponding to its data type requirement.
UNALIGNED specifies that a bit string is
to be mapped on the next available bit
boundary, and that a halfword, a word, or
doubleword item is to be mapped on the next
available byte boundary.
General format:
ALIGNED I UNALIGNED
General rules:
1.

Although they are essentially element
data attributes, ALIGNED and UNALIGNED
can be applied to any array or
structure. This is equivalent to
applying the attribute to all
contained elements that are not
explicitly declared with the ALIGNED
or UNALIGNED attribute.

2.

Application of either attribute to a
contained array or structure overrides
an ALIGNED or UNALIGNED attribute that
otherwise would apply to elements of
the contained aggregate by having been
specified for the containing
structure.

3.

The LIKE attribute is expanded before
the ALIGNED and UNALIGNED attributes
are applied to the contained elements
of the LIKE structure variable. The
only ALIGNED and UNALIGNED attributes
that are carried over from the LIKE
structure variable are those
explicitly specified for substructures
and elements of the structure
variable.

4.

For overlay defining involving bitand character-class data, both the
defined item and the overlaid part of
the base item must be UNALIGNED.
For
all other types of defining,
equivalent items must be either both
ALIGNED or both UNALIGNED.

5.

The ALIGNED and UNALIGNED attributes
of an argument actually passed must
match the attributes of the

The following example illustrates the
function of the figure:
DECLARE ST BIT(10);
Given the above declaration, the standard
default attributes, AUTOMATIC. INTERNAL,
and UNALIGNED will be applied to the name
ST.
Figure I.2 is an expansion of the entry
for file constants in figure I.l, to
include the relationships between file
attributes and options of the ENVIRONMENT
attribute for the different data set
organizations. The figure also shows the
attribute implications of each file
attribute.

ALIGNED and UNALIGNED
Abbreviation:

UNAL for UNALIGNED

Section I:

Attributes

391

DATA TYPE

DATA ATTRIBUTES

Arithmetic
variable 1

REAL ICOMPLEX
FLOATIFIXED
BINARY I DECIMAL
(precision)

String
variable

BIT ICHARACTER
(length)
[VARYING)

Picture
variable
Label
variable

PICTURE
}
{ REALICOMPLEX PICTURE
LABEL

File
variable

FILE VARIABLE

Entry
variable 2

ENTRY
IRREDUCIBLE I REDUCIBLE
RETURNS
[OPTIONS)
[VARIABLE)

ALIGNMENT
ATTRIBUTES

STORAGE ATTRIBUTES

SCOPE ATTRIBUTES

ALIGNED }
{ UNALIGNED

INTERNAL}
{ EXTERNAL
INTERNAL is
standard default
and mandatory
for:
AUTOMATIC,
BASED,
DEFINED,
parameter
and standard
default for:
CONTROLLED,
STATIC

ALIGNED }
{ UNALIGNED

I'St°tlrag;o~;~~ :}
STATIC
BASED
CONTROLLED

AUTOMATIC is standard
default for INTERNAL.
STATIC is standard
default for EXTERNAL.
ALIGNED
}
{ UNALIGNED

(INITIAL]

>

~ Defined:
DEFINED
[POSITION]

Locator
variable

POINTERI (OFFSET[(areavariable) )}

Area
variable

AREA (size)

Event
variable

EVENT

Task
variable

TASK

File
constant 3

FILE [ENVIRONMENT]
STREAM I RECORD
INPUT I OUTPUT I UPDATE
SEQUENTIAL I DIRECT I
TRANSIENT
BUFFEREOIUNBUFFERED
[KEYED] [BACKWARDS]
[PRINT] [EXCLUSIVE]

INTERNAL}
{ EXTERNAL

Arrays: (dimension) may be added to the
declaration of any variable.

Entry
constant

(as for entry variables,
but excluding VARIABLE)

EXTERNAL

Structures: the attributes that may be
specified for a name in a structure
depend upon the level at which the
name is declared:

Built-in
entry
constant

BUILTIN

Generic
entry
constant

GENERIC

Condition
constant

CONDITION

Simple Parameter:
parameter
[CONNECTED]
ALIGNED

Controlled Parameter:
parameter
CONTROLLED
[INITIAL]
,

J

Aggregate Variables

1. For a major structure name, exclude
data type: the LIKE attribute may
be specified.
INTER.~AL

2. For a minor structure name, exclude
data type, scope, and storage; the
LIKE attribute may be specified.
INTERNAL}
{ EXTERNAL

3. For a base element name, exclude
scope and storage.

Standard default attributes are underlined.
1

Identifiers that are implicitly declared (or explicitly declared with only scope, storage,
or alignment) are assumed to be arithmetic variables. If the initial letter of the
identifier is I through N, FIXED BINARY (15,0) are standard defaults: all others are
FLOAT DECIMAL (6). If BINARY, DECIMAL, REAL, or COMPLEX are specified, FLOAT is standard
default: otherwise if precision is specified with a scale factor, FIXED is standard
d.~fault.

2

ENTRY is implied by IRREDUCIBLE, REDUCIBLE, RETURNS, or OPTIONS.
have the parameter attribute.

3

File attributes, and their relationship to options of the ENVIRONMENT attribute, are
described in Figure 1.2. A file constant may have the parameter attribute.

Figure I.1.
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RECORD
Types of File

SEQUENTIAL

DIRECT
~:

BUF

UNBUF
I

C
0

Applicable
Attributes and
Options

S
T
R
E
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N
S
E
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T
I
V
E

I
N
D
E
X
E
D

T
e

C
0

D

I

N
S
E
C
U
T
I
V
E

0

R
E
G
I

e
P
r

0

c,

N
A
L

0

n
g

R
E
G
I
0

N
A
L

I
N
D
E
X
E
D

R
E
G
I

S

-

attribute or option must be
specified or implied.
default attribute or option.
optional attribute or option:
specified only if required.
attribute or option must be
specified.
invalid attribute or option.

0

The term "specified" includes the
appearance of an option in the
ENVIRONMENT attribute or in the
DCB subpararneter of the DD card.

N
A
L

Attributes Implied
F
I
L
E
A
T
T
R
I
B
U
T
E

0

P
T
I
0

N
S
0

F
E
N
V
I
R
0

N
M
E
N
T

FILE
STREAM
RECORD
INPUT
OUTPUT
UPDATE
SEQUENTIAL
DIRECT
BUFFERED
UNBUFFERED
PRINT
BACKWARDS
KEYED
TRANSIENT
EXCLUSIVE
ENVIRONMENT

I
D

-

0
0

-

I

-

I
D

I
D

I
D

0
0

0
0

0
0

0

0
0

0
0

0
0

0
0

D

D

D

D

D

D

D

-

S

-

I

S

-

-
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I
I
I

-

-

I

I
0
0
0
0
0
0
0

I

-

-

-

0

-

S

0
0

-

I

-

I
D

I

0
0

I

-

I
D

-

-

I

-

I
D

-

S

I

-

I
D

0

I

I

-

I
D

-

CONSECUTI~

I

-

0
-

0

FIFBIFSIFBSIVI
VBIVSIVBSIU
FIFBIDIDBIU
FIVIVSIU
FIFBIVIVB
RECSIZE(n)
BLKSIZE(n)
ASCII
BUFOFF(n)
CTLASAICTL360
SCALARVARYING
LEAVE
REREAD
COBOL
BUFFERS(n)

I

-

I
D

I

0
-

-

0

I

-

INDEXED
REGIONAL({11213})
TP(M)
TP(R)
KEYLENGTH(n)
KEYLOC(n)
NCP (n)
TRKOFL
INDEXAHEA (n)
ADDBUFI<' (n)
NOWRITE
GENKEY

- - - - - - 0
-

-

-

-

0

TOTAL

0

0

0

0

-

S

-

S
0
0

-

D

S

-

I

I

S

-

-

-

-

0

-

0

I

-

-

S

S
-

I

I
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-

-

-
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-
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S

S

-

-

-

-

S
-

I

I
I
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0
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0
0
0

D
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0
0

-

-

-

0

0

0

-

S
-

-

-

-

0
0

-

D
- -S
0
- I
- 0 I

-

I
I

-

-

-

S

-

S
-

S

-

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

S
I
I

-

-- -}
0
0

0

-

0

-

S
-

-

S

-

0
0

-

-

-

0

S

-

S
0
0

-

invalid for ASCII data sets.

-

0

-

RECORD

VS and VBS are invalid wi th STREAM
ASCII data sets only
Only F for REGIONAL (1) and (2)
VS invalid with UNBUF
}{ One or both must be specified for
.CONSECUTIVE, INDEXED, and REGIONAL fi les.

I
I

I
I

RECORD
RECORD
RECORD KEYED
RECORD
RECORD
STREAM OUTPUT
RECORD SEQUENTIAL INPUT
RECORD

-

S

--

S

for REGIONAL(2) and (3) OUTPUT only

0
0

invalid for REGIONAL(3)

-

-

0
0
0
0

-

0

0

0

UPDATE files only.
INPUT or UPDATE files only; KEYED
is required.

Additional Notes:
1.

UPDATE is invalid for tape files.

2.

BACKWARDS is valid only for tape files.

3.

KEYED is required for INDEXED and REGIONAL output.

4.

File declarations for VSAM data sets are discussed
in chapter 12, "Record-Oriented Transmission."

Figure I.2.

File declarations (files associated with non-VSAM data sets)
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corresponding parameter.
If these
at.tributes of the original argument do
not match those of the corresponding
pa.rameter, a dummy argument is
crea ted.

1.

The area size for areas that are not
of static storage class is given by an
expression whose integral value
specifies the number of bytes to be
reserved.

6.

If a based variable is used to refer
to a generation of another variable,
the ALIGNED and UNALIGNED attributes
of both variables must agree.

2.

1.

The alignment of string data depends
not only on the use of ALIGNED or
UNALIGNED, but also on whether the
st.rings are fixed-length or varyinglength. A summary of string alignment
is included in figures R.1 and K.2.

The size for areas of static storage
class must be speci fied as a decimal
integer constant. The theoretical
maximum size permitted is 16,777,200
bytes; in practice the maximum depends
on the amount of main storage
available to the program.

3.

An asterisk may be used to specify the
size if the area variable being
declared is controlled or is a
parameter.
In the case of a
controlled area variable that is
declared with an asterisk, 'the size
must be specified in the ALLOCATE
statement used to allocate the area.
In the case of a parameter that is
declared with an asterisk, the size is
inherited from the argument.

4.

Data of the area type cannot be
converted to any other type; an area
can be assigned to an area variable
only.

5.

No operators can be applied to area
variables.

6.

An area variable cannot be unaligned.

7.

If an area has the BASED attribute,
the size attribute must be a decimal
integer constant unless the area is a
member of a based structure and the
REFER option is used (see chapter 8,
II Storage Control").

8.

For RECORD input/output, only the
extent (rather than the declared size)
and control information of an area is
transmitted (except when the area is
in a structure and is not the last
item in it - then, the declared size
is transmitted).

8.

TASK, EVENT, and AREA cannot be
unaligned.

9.

If an unaligned fixed-length bit
string is used as the argument of the
ADDR function, or appears as the first
element of a based structure which is
used in a LOCATE or ALLOCATE
sta tementl, the locator value returned
may not address the bit string at the
first bit position.

Assumptions:
1.

Defaults are applied at element level.
The default for bit-string data,
character-string data, and numeric
character data is UNALIGNED; for all
other types of data, the default is
ALIGNED.

2.

For all operators and user-defined and
bUilt-in functions, the default for
ALIGNED or UNALIGNED is applicable to
the elements of the result.

3.

Constants take the default for ALIGNED
or UNALIGNED.

Assumptions:
The AREA attribute defines storage that, on
allocation, is to be reserved for the
allocation of based variables.
storage
thus reserved can be allocated to and freed
from based variables by naming the area
variable in the IN option of the ALLOCATE
and FREE statements. Storage that has been
treed can be subsequently reallocated to a
based variable.
General format:

1.

If the size specification is omitted,
a default value is assumed. For this
implementation, it is 1000.

2.

An area variable can be contextually
declared by its appearance in an
OFFSET attribute or an IN option.

AUTOMATIC, STATIC, CONTROLLED and BASED

AREA [(size)]
Abbreviations:
General rules:
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AUTO for AUTOMATIC
CTL for CONTROLLED

The storage class attributes are used to
specify the type of storage allocation to
be used for data variables.
AUTOMATIC specifies that storage is to
be allocated upon each entry to the block
to which the storage declaration is
internal. The storage is released upon
exit from the block. If the block is a
procedure that is invoked recursively, the
previously allocated storage is "pushed
down" upon entry; the latest allocation of
storage is "popped up" upon termination of
each generation of the recursive procedure
(for a discussion of push-down and pop-up
stacking, . see chapter 6,. "Program
Organization") •

5.

For a structure variable. a storage
class attribute can be given only for
the major structure name.. The
attribute then applies to all elements
of the structure or to the entire
array of structures.
If the attribute
CONTROLLED or BASED is given to a
structure, only the major structure
and not the elements can be allocated
and freed.

6.

The following rules govern the use of
based variables:
a.

Whenever a locator value is needed
to complete a based variable
reference, and none is explicitly
specified, the value of the
locator expression in the relevant
BASED attribute is used. It is an
error if no locator has been
declared.

b.

When reference is made to a based
variable, the data attributes
assumed are those of the based
variable, while the qualifying
pointer variable identifies the
location of data.

c.

A based variable can be used to
identify and describe existing
data; to obtain storage by means
of the ALLOCATE statement; Or to
obtain storage in a~ output buffer
by means of the LOCATE statement.

d.

The relative locations of based
variables allocated within an area
can be identified by the values of
offset variables.

e.

The EXTERNAL attribute cannot
appear with a based variable
declaration, but a based variable
reference can be qualified by an
external pointer variable.

f.

A based structure can be declared
to contain adjustable area-sizes,
array-bounds, and string-length
specifications, by using the REFER
option. See chapter 8, "Storage
Control" •

g.

References to based variables in a
CHECK prefix list or in a data
list for data directed
input/output cannot be explicitly
locator qualified.

h.

A BASED VARYING string must have a
maximum length equal to the
maximurr length of any string upon
which it is defined. For example:

STATIC specifies that storage is to be
allocated when the program is loaded and is
not to be released until program execution
has been completed.
CONTROLLED specifies that full control
will be maintained by the programmer over
the allocation and freeing of storage by
means of the ALLOCATE and FREE statements.
Multiple allocations of the same controlled
variable, without intervening freeing, will
cause stacking of generations of the
variable.
BASED, like CONTROLLED, specifies that
"full.control over storage allocation and
freeing will be maintained by the .
programmer, but by various methods that are
described. in chapter 8, "storage Control"
:mul tiple allocations are not stacked but
are available at any time; each can be
identified by the value of a pointer
variable.
General format:
STATICI AUTOMATIC I CONTROLLED I
BASED [ (element-Iocator-expression)]
General rules:
1~

Automatic and based variables can have
internal scope only.
Static and
cont;rolled variables may have either
internal or external scope.

2.

storage class attributes cannot be
specified for entry constants, file
constants, members of structures, or
DEFINED data items.

3.

Parameters can be declared explicitly
with the storage class attribute
CON'I~ROLLED, but not STATIC, BASED, or
AUTOMATIC.

4.

vari.ables declared with adjustable
lengths and dimensions cannot have the
STATIC attribute.

DECLARE A CHAR(50) VARYING
BASED (Q>,
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B CHAR(50) VARYING:
Q=ADDRCB);
i.

The INITIAL attribute may be
specified for a based variable.
The values are used only upon
explicit allocation of the based
variable with an ALLOCATE or
LOCATE statement.
If both the REFER option and the
INITIAL attribute are used for the
same member, initialization is
done after the object of the REFER
has been assigned its value.

BINARY and DECIMAL
Abbreviations:

BIN for BINARY
DEC for DECIMAL

The BINARY and DECIMAL attributes
specify the base of the data items
represented by an arithmetic variable as
either binary or decimal.
General format:
BINARY I DECIMAL
General rule:

Assumptions:
1.

2.

Default storage class is AUTOMATIC for
internal variables and STATIC for
external variables.
A pOinter variable can be contextually
declared by its appearance:
in the BASED attribute
in the SET option of a LOCATE,
ALLOCATE, or READ statement
as a locator quali fi er.

The BINARY or DECIMAL attribute cannot
be specified with the PICTURE attribute.
Assumptions:
Undeclared identifiers Cor identifiers
declared only with one or more of the
dimensions, UNALIGNED, ALIGNED, scope, and
storage class attributes) are assumed to be
arithmetic variables with assigned
attributes depending upon the initial
letter.
For identifiers beginning with any
letter I through N, the standard default
attributes a~e REAL FIXED BINARY (15,0).
For identifiers beginning with any other
alphabetic character, the standard default
attributes are REAI~ FLOAT DECIMAL (6). If
FIXED or FLOAT and/or REAL or COMPLEX are
declared, then DECIMAL is assumed.

BACKWARDS
rhe BACKWARDS attribute specifies that the
records of a SEQUENTIAL INPUT file
associated with a data set on magnetic tape
are to be accessed in reverse order, i.e.,
from the last record to the first record.
General forma t:
BACKWARDS
Gener al rules:
1.

2.

The BACKWARDS attribute applies to
RECORD files only; that is, it
conflicts with the STREAM attribute.
It implies RECORD and SEQUENTIAL.
The BACKWARDS attribute applies to
magnetic tape files only.

BIT, CHARACTER, anq VARYING
Abbreviations:

The BIT and CHARACTER attributes are used
to specifY string variables. The BIT
attribute specifies a bit string. The
CHARACTER attribute specifies a character
string.
General format:
BIT
CHARACTER
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[ ( length)]

[VAR YI NG]

1

General rules:
1.

See AUrl'OMATIC.

CHAR for CHARACTER
VAR for VARYING

The length attribute specifies the
length of a fixed-length string or the
maximum length of a varying-length
string.
If it is not specified, a
length of one is assumed. For a bit
string the length is specified in
bits, and for a character string, in
bytes.

2.

The VARYING attribute specifies that
the variable is to represent varyinglength strings, in which case length
specifies the maximum length. The
current length at any time is the
length of the current value. The
storage allocated for varying-length
strings is two bytes longer than the
declared maximum length.
The initial
two bytes hold the string's current
length (in bytes for a character
string or bits for a bit string).

3.

If present, the length attribute must
immediately follow the CHARACTER or
BIT attribute at the same factoring
level with or wi thout intervening
blanks.

4.

The length attribute may be specified
by an expression or an asterisk.
If the length specification is an
expression, it is converted to an
integer when storage is allocated for
the variable.
The asterisk notation can be used for
parameters or controlled variables.
The length can be taken from a
previous allocation or" for CONTROLLED
variables, it can be specified in a
subsequent ALLOCATE statement.
There are restrictions on the use of
asterisks and expressions in the
length specifications of the elements
of data aggregates in parameter
descriptors: expressions may be used
only for controlled parameters, and
asterisks must not be used if the
corresponding argument is such that a
dummy is created.

5.

If a string has the STATIC attribute,
the length attribute must be a decimal
integer constant.

6.

If a string has the BASED attribute,
the length attribute must be a decimal
integer constant unless the string is
a member of a based structure and the
REFER option is used.
(See chapter 8,
"storage Control").

1.

The BIT, CHARACTER, and VARYING
attributes cannot be specified with
the PICTURE attribute.

BUFFERED and UNBUFFERED
Abbreviations:

BUF for BUFFERED
UNBUF for UNBUFFERED

The BUFFERED attribute specifies that
during transmission to and from auxiliary
storage each record of a RECORD file must
pass through intermediate storage buffers.
The UNBUFFERED attribute specifies that
such records need not pass through buffers.
It does not, however, specify that they
must not. Hidden buffers will, in fact, be
used if INDEXED, REGIONAL(2), or
REGIONAL(3) is specified in the ENVIRONMENT
attribute or if the records are variablelength.
General format:
BUFFERED I UNBUFFERED
General rules:
1.

The BUFFERED and UNBUFFERED attributes
can be specified for RECORD files
only.

2.

The UNBUFFERED attribute may not be
specified for TRANSIENT files.

3.

The locate-mode I/O statements LOCATE
and READ SET can be used only on
buffered files.

Assumption:
The default for SEQUENTIAL and TRANSIENT
files is BUFFERED.
UNBUFFERED is assumed
for DIRECT files, unless BUFFERED is
specified explicitly.

The BUILTIN attribute specifies that any
reference to the associated name within the
scope of the declaration is to be
interpreted as a reference to the built-in
function, a pseudovariable" or built-in
subroutine of the same name.
General format:
BUILTIN

8.

9.

The PICTURE attribute can be used
instead of CHARACTER to declare a
fixed-length character-string variable
(seE~ the PICTURE attribute).
The maximum length allowed for a bitor character-string variable is
32,761. The ~nimum length for any
string is zero.

General rul es :
1.

BUILTIN is used to refer to a built-in
function, a pseudovariable or a builtin subroutine in a block that is
contained in another block in which
the same identifier has been declared
to have another meaning.
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2.

If the BUILTIN attribute is declared
for a name, the attribute INTERNAL is
implied.
No other attributes may be
g1 ven to the name.

name.
General format:
CONDITION

3.

The BUILTIN attribute cannot be
declared for parameters. Built-in
flUlctions without arguments should be
declared, either explicitly, with the
BUIL'rIN attribute, or contextually by
using a null argument list, or
implicitly using a DEFAULT statement.
A list of these built-in functions is
given in section G, "Built-in
Functions and Pseudovariables. ft

General rules:
1.

The only other attributes that can
apply to a condition name are the
scope attributes, INTERNAL and
EXTERNAL.

2.

The only statements in which a
condition name can appear are ON,
SIGNAL, REVERT, DECLARE, and DEFAULT.

Assumptions:
CHARAC'l'ER
An identifier that appears with the
CONDITION condition in an ON, SIGNAL, or
REVERT statement is contextually declared
to be a condition name.

See BI'r.

The default scope is EXTERNAL.
COMPLEX and REAL
Abbrevia tion:

CPLX for COMPLEX
CONNECTED

The COMPLEX and REAL attributes are used
to specify the mode of an arithmetic
variable.
REAL specifies that the data
items represented by the variable are to be
real numbers.
COMPLEX specifies that the
data items represented by the variable are
to be complex numbers, that is, each data
item is a pair: the first member is a real
number and the second member an imaginary
number.

Abbreviation:

CONN

The CONNECTED attribute is applied only
to parameters, and specifies that the
parameter will be a reference to connected
storage only and, hence, allows the
parameter to be used as a target or source
in record-oriented I/O or as a base in
string overlay defining.

General format:
REAL I COMPLEX

General format:
CONNECTED

General rule:
General rules:
If a numeric character variable is to
represent complex values, the COMPLEX
attribute must be specified with the
PICTURE attribute. The COMPLEX attribute
is the only other arithmetic or string data
attribute that can be specified with the
PICTURE attribute.
Assumpt~ion:

The standard default is REAL.

1.

CONNECTED is an additive attribute of
non-controlled aggregate parameters
and may be associated only with levelone names. It may be specified in a
DECLARE statement or in a parameter
descriptor of an ENTRY attribute.

2.

An argument passed to a CONNECTED
parameter must be a reference to
connected storage.
If not, a dummy
argument is created in connected
storage.

CONDITION
Abbreviation:

COND

The CONDITION attribute specifies that
the associated identifier is a condition
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CONTROLLED
See AUTOMATIC.

DECIMAL

these rules, see Figure I.3.

See BINARY.

A base variable and a defined variable
match if the base variable when passed
argument would match a parameter
which had the attributes of the
defined variable (except for the
DEFINED attribute).
For this purpose,
the parameter is assumed to have all
array bounds, string lengths, and area
sizes specified by asterisks.

as-an
DEFINED
Abbreviat:ion:

DEF

The DEFINED attribute specifies that the
variable being declared is to be associated
with some or all of the storage associated
with the designated base variable.

For simple and iSUB defining a PICTURE
attribute can only be matched ty a
PICTURE attribute that is identical
except for repetition factors. For a
reference to specify a valid base
variable in string overlay defining,
the reference must be to connected
storage. The implementation allows
the programmer to override the
matching rule completely, provided he
is willing to accept that this could
have unwanted side-effects on his
program.

General forma t:
DEFINED{base-variable/(base-variable)}
[POSITION (element- express ion) ] }
The "base-variable" is the variable
whose storage is to be associated with the
variable being declared; the latter is the
"defined variable".
The POSITION attribute specifies the
beginning of the part of a string base
variable with which the defined variable is
to be associated. The position is that of
the first. bit or character in the required
part of the base variable.

3.

The values specified or derived for
any array bounds, string lengths, or
area sizes in a defined variable need
not always match those of the case
variable, but must be such that the
defined array, string or area can be
contained in the corresponding base
array, string or area.

4.

Some attributes of
need not or cannot
defined variable.
restriction should

General rules:
1.

2.

The purpose of defining one variable
on another is to allow the programmer
to refer to internally stored data by
more than one name. The name of the
base variable is the name initially
declared for the data.
Each variable
defined on this base variable has a
different name. If the internally
stored data is a data aggregate, a
defined variable can comprise all the
data or only a specified part of it.
The defined variable does not inherit
any attributes from the base variable.

Base Variable:
May be EXTERNAL or INTERNAL"
qualified, or subscripted., or cath.
A parameter (in string overlay
defining, the parameter must
refer to connected storage).
Cannot be BASED or DEFINED.

There are three types of defining;
simple, iSUB, and string overlay.
If t:he POSITION attribute is
specified, string overlay defining is
in E~ffect; in this case the base
variable must not contain iSUB
references.
If the subscripts
specified in the base variable contain
references to iSUB variables, iSUB
defining is in effect.
If neither
iSUB variables nor the POSITION
attribute is present, then simple
defining is in effect if the base
variable and defined variable match
according to the criteria given below;
otherwise string overlay defining is
in effect.
For a tabulated summary of

the base variable
match those of the
The following
be noted:

Defined variable:
Must be INTERNAL and a
level-one identifier.
May have the dimension attribute.
Cannot be n~ITIAL
AUTOMATIC/BASED/CONTROLLED/STATIC
or a parameter.
5.

If the base variable is EXTERNAL, it
must be known in the procedure to
which the defined variable is
internal.
An EXTERNAL base variable
may be known in several external
procedures; a change to its value made
in one of these causes a similar
change to the value of the defined
variable.
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PosrrION attribute
specified

I References to iSUB

Base and defined
match 1

I variables in base
I item subscripts

1
J

Type of defining
in effect

1

YES

I
I

string overlay

I
I

iSUB

---------------------- ------------------------.---------------------------------------YES

J

NO
NO

I
I

YES

I

NO

I
J

simple

!

1------------------------------------------I
I
I

I

string overlay

1

1A definition of matching in this context is given in General Rule 2.
L----------------------------------_____________________________________________________
Figure 1.3.
6.

1.

Guide to types of defining

In references to defined data, the
StJBSCRIPTRAl'X3E and STRINGSIZE
conditions are raised for the array
bounds and string lengths of the
defined variable, not the base
variable.

structure variable to be referred to by
another name.
General rul es :

1.

The defined and base variables can
comprise any data type; they must
match, in the sense described earlier
in this section. If the ALIGNED or
UNALIGNED attribute is specified for
an element in the defined variable, it
must also be specified for the
corresponding element in the base
variable.

2.

The defined variable may have the
dimension attribute. The base
variable may be subscripted; the
subscripts must not be iSUB variables.

3.

The POSITION attribute cannot be used
in simple defining.

4.

In simple defining of an array:

The determination of values and the
interpretation of names occurs in the
following sequence:
a..

boo

c..

The array bounds, string lengths,
and area sizes of a defined
variable are evaluated on entry to
the procedure in which the
variable is declared.
A reference to a defined variable
is a reference to the current
generation of the base variable.
When a defined variable is passed
as an argument without creation of
a dummy, the corresponding
parameter refers to the generation
of the base variable that is
current when the argument is
passed. This remains true even if
the base variable is reallocated
within the invoked procedure.
When a reference is made to the
defined variable, the order of
evaluation of the subscripts of
the base and defined variable is
undefined.

Simple Defining
5.
Simple defining allows an element, array or
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a.

The base variable can be a
section of an array.

b.

The number of dimensions in the
defined variable must be equal to
the number of dimensions in the
base variable.

c.

The range specified by a bound
pair of the defined array must
equal or be contained within the
range specified by the
corresponding bound pair of the
base array.

cross~

In simple defining of a string, the
length of the defined string must be

less than or equal to the length of
the base string.
6.

In simple defining of an area, the
size of the defined area must be equal
to the size of the base area.

7.

A base variable may be" or may
contain, a VARYING string, provided
that the corresponding part of the
defined variable is a VARYING string
of the same maximum length.

General rules:
1.

The defined and base arrays can
comprise any data types, and must have
identical attributes (apart from the
dimension attribute).

2.

The defined variable must have the
dimension attribute.
In the
declaration of the defined array, the
base array must be subscripted, and
the subscript positions cannot be
specified as asterisks.

3.

The POSITION attribute cannot be used
in iSUB defining.

4.

An iSUB variable is a reference, in
the subscript list for the base array,
to the ith dimension of the defined
array. At least one subscript in the
base-array subscri pt-list must be an
iSUB expression which, on evaluation,
gives the required subscript in the
base array. The value of i ranges
from 1 to n, where n is the number of
dimensions in the defined array. The
number of subscripts for the base
array must be equal to the number of
dimensions for the base array.

5.

As well as the general rules for
evaluation, the following should be
noted:

Examples:
DCL A(10,10,10),
Xl(2,2,2) DEF A,
X2(10,10) DEF A(*,*,5)~
X3 DEF A(L,M,N);
Xl is a three-dimensional array that
consists of the first two elements of
~ach row"
column and plane of A.
X2
is a two-dimensional array that
consists of the fifth plane of A.
X3 is an element that consists of the
element identified by the subscript
expressions L,M, and N.
DCL B CHAR(10),
Y CHAR(5) DEF B;
Y is a character string that consists
of the first five characters of B.
DCL C ARFA(SOO),
Z AREA(SOO) DEF C;

a.

If a reference to a defined array
does not specify a subscript
expression, subscript evaluation
occurs during the evaluation of
the expression or assignment in
which the reference occurs.

b.

The value of i is specified as a
decimal integer constant. Within
an iSUB expression, an iSUB
variable is treated as a fixed
binary variable, with default
precision.

c.

A subscript in a reference to a
defined variable is evaluated even
if there is no corresponding iSUB
in the base-variable subscript
list.

Z is an area defined on C.
DCL 1 D UNALIGNED,
2 E,
2 F,
3 G CHAR(10) VAR,
3 H,

1 S UNALIGNED DEF D,
2 T,
2 U,
3 V CHAR(10) VAR,
3 W;
S is a structure defined on 0; for
simple defining the organization of
the two structures must be identical.
A reference to T is a reference to E,
V to G, etc.

6.

iSUB-defined variables rr.ay not appear
in the explicit or assumed data-list
of a data-directed transmission
statement or a CHECK statement or
prefix.

iSUB Defi.ning
Examples:
iSUB defi.ning allows a programmer to create
a defined array that consists of designated
elements from a base array. Both defined
and base arrays can be arrays of
structurE~S •

'DCL A (100, 100) CHAR ( 1) ,
X(10,10) CHAR(l)
DEF A(lSUB+20,2SUB+90) ;
X is a two-dimensional array that
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consists of the elements of A that lie
within the bounds 21 - 30 for the
first dimension, and 91 - 100 for the
second dimension.

3.

iSUB variables cannot be used for the
base variable 'in string overlay
defining.

4.

The POSITION attribute can be used to
specify the bit or character within
the base variable at which the defined
variable is to begin.
It has the
format:

DCL B(2,5),
Y(5,2) DEF BC2SUB,lSUB);

Y is a two-dimensional array that
consists of the elements of B with the
bounds transposed.

POSITIONCelement-expression)

DCL AC 10,10)
B C5, 5) DEF
A(1+1SUB/5,1+2SUB/5);

where the expression, on evaluation,
provides the position of the required
bit or character relative to the start
of the base variable. This attribute
can precede or follow the DEFINED
attribute; if it is omitted,
POSITION(1) is assumed. The value
provided by the expression can range
from 1 to E, where ~ is defined as

In this case there is a rnany-to-one
mapping of certain elements of B to a
single element of A.
BCI,J) is
defined on:
AC1,1)
'AC1,2)
AC2,1)
AC2,2)

for
for
for
for

1<5
1<5
1=5
1=5

and
and
and
and

J<5
J=5
J<5
J=5

Since all the elements BCI,J) are
defined on the single element AC1,1)
when 1<5 and J<5, assignnent of a
value to one of these elements causes
the same value to be assigned to all
of them.

n = NCb) - N(d) + 1
where NCb) is the number of bits or
characters in the base
variable" and
NCd) is the number of bits or
characters in the defined variable.
The expression is evaluated, and
converted to an integer, at each
reference to the defined item. The
absolute maximum permissible value is
32767.

string Overlay Defining
5.
string overlay defining allows a programmer
to associate a defined variable with the
storage for a base variable. Both the
defined and the base variable must be
string or picture data.
General rules:
1.

2.

Neither the defined nor the base
variable can have the ALIGNED or the
VARYING attributes.
Both the defined and the base
variables must belong to the bit
class, or both must belong to the
character class. The bit class
consists of:
a.

Fixed-length bit strings.

b.

Aggregates of fixed-length bit
strings.

The character class consists of:
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a,.

Fixed-length character strings.

b.

Character string and numeric
pictured data.

co,

Aggregates of

~

and

J2.
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When the defined variable is a bit
class aggregate:
a.

the POSITION attribute can contain
only an unsigned decimal integer
constant;

b.

the base variable must not be
subscripted.

6.

The base variable must refer to data
in connected storage.

7.

Under the optimizing compiler, an
array overlay-defined on another array
is always assumed to be in unconnected
storage. Under the checkout compiler,
i t is treated as being in unconnected
storage only when the-bounds of the
base and defined items differ.

Examples:
DCL A CHAR(100),
V(10,10) CHAR(l) DEF A;
V is a two-dimensional array that
consists of all the elements in the
character string A.
DCL B(10) CHAR(l),
W CHAR(10) DEF B;

c.

W is a character string that consists
of all the elements in the array B.
DCL CC10,10) BIT(l),
X BIT(40) DEF C POS(20);
X is a bit string that consists of 40
elements of C, startin g at the 20th
element.
DCL E PIC'99V.999~,
Zl(6) CHAR(l) DEF E,
Z2 CHAR(3) DEF E POS(4),
Z3(4) CHAR (1) DEF E POS(2);
Zl is a character-string array that
consists of all the elements of the
decimal numeric picture E.
Z2 is a
character string that consists of the
elements '999' of the picture E.
Z3
is a character-string array that
consists of the elements • 9. 99' of the
picture E.

3.

Bounds that are expressions are
evaluated and converted to FIXED
BINARY (15,0) when storage is
allocated for the array. For simple
parameters, bounds can be only
optionally signed decimal integer
constants orasterisks. __"/ ··4. The
~unds of arrays--aeclared STATIC must
be optionally signed decimal integer
constants.

5.

The bounds of arrays declared BASED
must be optionally signed decimal
integer constants lmless the array is
part of a based structure and the
REFER option is used.
(See chapter 8,
"storage Control".)

6.

The dimension attribute must
immediately follow the array name (or
the parenthesized list of names, if it
is being factored).
Intervening
blanks are optional.

7.

The maximum permissible number of
dimensions is 15. The minimum
permissible value for a lower bound is
-32768; the maximum permissible for an
upper bound is 32767.

Dimension Attribute
The dimension attribute specifies the
number of dimensions of an array and the
bounds of each dimension. The dimension
attribute either specifies the bounds
(either the upper bound or the upper and
lower bounds) or indicates, by use of an
asterisk, that the actual bounds for the
array are to be taken from elsewhere.
General format:

An asterisk specifies that the
actual bounds are to be specified
in an ALLOCATE statement, if the
variable is CONTROLLED, or in a
declaration of an associated
argument, if the variable is a
simple parameter. Thus, the
asterisk notation can be used only
for parameters and CONTROLLED
variables.

(bound [,bound] ••• )
where "bound" is:
{[lower-bound:] upper-bound}l.

DIRECT, SEQUENl'IALL and TRANSIENT

and "upper-bound" and "lower-bound" are
element expressions.

Abbreviation:

General rules:

The DIRECT, SEQUENTIAL, and TRANSIENT
attributes specify access information for
the data set associated with a file.

1.

2.

The number of bounds specifications
indicates the number of dimensions in
the array unless the variable being
declared is contained in an array of
structures, in which case it inherits
dimensions from the containing
structure.
The bounds specification indicates the
bounds as follows:
a.

If only the upper bound is given,
the lower bound is assumed to be
1.

b.

The lower bound must be less than
or equal to the upper bound.

SEQL for SEQUENTIAL

The DIRECT and SEQUENTIAL attributes
specify the manner in which the records in
a data set associated with a RECORD file
are to be accessed.
SEQUENTIAL implies
that the records are to be accessed
according to their physical or logical
sequence in the data set.
(The records in
an INDEXED data set are processed in their
logical sequence; the records in a
CONSECUTIVE or REGIONAL data set are
processed in their j?hysical sequence.)
DIRECT specifies ·that the records are to be
accessed by use of a key: each record must,
therefore, have a key associated with it.
Either of these two attributes implies the
RECORD attribute.
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ThE~ TRANSIENT attribute is designed for
teleprocessing applications.
It indicates
that the contents of the data set
associated with the file are reestablished
each time the data set is accessed.
In
effect, this means that records can be
continually added to the data set by one
program during the execution of another
program that continually removes records
from the data set. Thus the data set can
be considered to be a continuous queue
through which the records pass in transit
between a message control program and a
message processing prog ram.

1..

The TRANSIENT attribute can be
specified only for RECORD KEYED
BUFFERED (or UNBUFFERED) files with
either the INPUT or OUTPUT attribute.

2.

Input can be specified only by a READ
statement with the KEYTO option and
either the INTO option or the SET
option.

3.

Output can be specified only by a
WRITE statement or a LOCATE statement,
either of which must have the KEYFROM
option.

No1:e that DIRECT and SEQUENTIAL specify
only the current usage of the file; they do
not specify physical properties of the data
set associated with the file. The data set
associated with a SEQUENTIAL file may
actually ha ve keys recorded with the data.
Most data sets accessed by DIRECT files are
created by SEQUENTIAL files.
However, a
data set associated with a TRANSIENT file
differs from those associated with DIRECT
and SEQUENTIAL files in that its contents
are dynamic; reading a record remOves i t
from i:he data set. Such a data set can
never be created or accessed by a DIRECT or
SEQUENTIAL file.

4.

The EVENT option is not permitted.

5.

The "data set" associated with a
TRANSIENT file is in fact a queue of
messages maintained automatically in
main storage by a separate message
control program using the
teleprocessing facilities of the
operating system. The queue is always
accessed sequentially.

6.

The element expression specified in
the KEYFROM option should have as its
value a recognize9 terminal or process
queue identification.

The use of TRANSIENT files is almost
totally dependent on the implementation;
for this reason, a list of rules for the
use of TRANSIENT is given below the general
rules and assumptions.
General format:
SEQUENTIAL I DIRECT I TRANSIENT
General rules:
1.

DIRECT files must be KEYED; this
attribute is implied by DIRECT.
SEQUENTIAL files mayor may not have
1:he KEYED attribute.

The ENTRY attribute specifies that the
identifier being declared is either an
external entry constant or an entry
variable..
It is also used to describe the
attributes of the parameters of the entry
point.
General format:
ENTRY [(parameter-descriptor-list)]
where "parameter-descriptor-list" is:

2.

3.

'rhe DIRECT, SEQUENTIAL, and TRANSIENT
attributes cannot be specified with
t:he STREAM attri bute.

[parameter descriptor[,parameter
descriptor] ••• ]

TRANSIENT files must be KEYED.
This
attribute is implied by TRANSIENT.
Rules for Paramet§r Descriptor lists

Assumptions:
1.

Default is SEQUENTIAL for RECORD
f.iles.

2.

If a file is implicitly opened by an
UNLOCK statement, DIRECT is assumed.

3.

The TRANSIENT attribute implies KEYED
and RECORD.

to
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The following rules apply specifically
th€~ use of the TRANSIENT attribute:
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1.

A parameter descriptor list can only
be given to describe the attributes of
the parameters of the associated
external entry constant or entry
variable.
If no parameter descriptor list is
given, the arguments are assumed to
match the parameters; if a parameter
descriptor list is given. it is used
for argument and parameter matching

and the creation of dummy arguments;
the parameter descriptor list must be
supplied if arguments do not match the
parameters.
2.

A descriptor describes the attributes
of a single parameter.
For example,
the descriptors for the parameters in
the following procedure:

to ENTRY with no parameter descriptor
list and the entry name must never
have any arguments.
In the example in rule 2 above, the
parameter C has no descriptor nor has
the structure parameter E.
S.

TES'I':PROCEDURE (A,B,C,D,E,F);
DECLARE A FIXED DECIMAL (S),
B FLOAT BINARY (IS),
C POINTER,
1 D,
2 P,
2 Q,
3 R FIXED DECIMAL,
1 E,
2 X,
2 Y,
3 Z,
F(4) CHARACTER (10);

Note: Each descriptor level number,
together with any attributes specified
for the level, is delimited by a comma
(see example above).

END TEST;
could be declared as follows:

6.

Defaults are not applied to a
parameter descriptor unless attributes
or level numbers are specified in the
descriptor. If a level number and/or
the dimension attribute only is
specified in a descriptor., FLOAT
DECIMAL(6) REAL are assumed.

7.

Extents (lengths, sizes, and bounds)
in parameter descriptors may only be
specified by decimal integer constants
or by asterisks. Extents in
descriptors for controlled parameters
may only be specified by asterisks.

8.

Attributes given in the parameter
descriptor list can be established
implicitly by use of the DEFAULT
statement in conjunction with the
DESCRIPTORS option. However they are
not applied for missing descriptors.

DECLARE TEST ENTRY
(DECIMAL FIXED (S),
BINARY FLOAT (IS),

,

1,
2,
2,
3 DECIMAL FIXED,

,

(4) CHARACTER (10»;
3.

4.

In general, the attributes may appear
in any order in a parameter
descriptor, but for an array parameter
descriptor, the dimension attribute
~ust be the first specified.
For a
structure parameter descriptor, the
level numbers must appear in the same
order as the level numbers of the
corresponding parameter" and they must
precede the attributes for each level;
the descriptor level numbers need not
be the same as those of the parameter,
but the structuring must be identical;
the attributes for a particular level
may appear in any order.

The parameter descriptors must appear
in the same order as the parameters
they describe.
If a descriptor is
absent, the argument is assumed to
match the parameter.
If a, descriptor is not required for a
para.meter" the absence of a descriptor
must be indicated in one of the
following ways:
by a comma:
ENTRY(CHARACTER(10)",FIXED DECIMAL)
indicates four parameters;
by an asterisk followed by a comma or
the closing parenthesis of the
parameter descriptor list: ENTRY(*)
indicates one parameter;
by t,he closing parenthesis when i t
follows a comma with no intervening
descriptor: ENTRY (FLOAT BINARY,)
indicates two parameters.

A declaration ENTRY( ) is equivaJent

General rules:
1.

The ENTRY attribute, without a
parameter descriptor list, is. implied
by the attributes OPTIONS"REDUCIBLE,
IRREDUCIBLE, and RETURNS.

2.

The ENTRY attribute cannot be
specified with the BUILTIN or GENERIC
attribute.

3.

The ENTRY attribute must be specified
or implied for a parameter
representing an 'entry constant or
entry variable argument.
The maximum permissible depth of
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nesting of the ENTRY attribute is two.
F'or examp Ie :
DCL E ENTRY(ENTRY(FIXED»;

b.

Comparison with an entry
expression.

c.

An argument to a generic entry

name.
is permissible,. but:
DCL E ENTRY(ENTRY(ENTRY(FIXED»);

d.

An argument passed to an entry
parameter.

is not permissible.
4.

Factoring of attributes is not
permitted within the parameter
descriptor list of an ENTRY attribute
specification.

5.

External entry constants must be
explicitly declared.

6.

The optional attribute VARIABLE is an
additive attribute. When given, it
specifies that the associated
identifier is an entry variable. The
VARIABLE attribute is declared
i.mplicitly if the identifier is
declared with anyone or more of the
following attributes:
ALIGNED
AUTOMATIC
BASED
CONTROLLED
DEFINED

7.

dimension
INITIAL
parameter
STATIC
UNALIGNED

The use of an entry variable in a CALL
statement or function reference means
1~at associated entry points cannot be
known until execution time. When an
Em try variable declared without a
paramet~r descriptor list appears
ei ther in a CALL statement or as a
function reference that involves
passing arguments, the arguments are
assumed to match the parameters of the
referenced entry point.
However, if a
parameter descriptor list is given in
t:he declaration of an entry variable,
the parameters of the referenced entry
point are assumed to match the
attributes given in the parameter
descriptor list; dummy arguments are
created if necessary.

8.

When a reference to any entry
E~xpression includes an argument list
(which may be a null argument list),
i:he procedure it represents is always
invoked.

9.

When a reference to any entry
expression does not include an
argument list, the procedure i t
represents is not invoked in the
following contexts:
a.
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The righthand side of an
aSSignment to an entry variable.
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e.

An argument to the UNSPEC built-in
function.

f.

Any context that requires a
variable (applicable only to entry
variables) •

10.

An entry variable used in a CALL
statement must have as its val ue an
entry point of a block that is active
at the time the CALL statement is
executed.
If the variable has an
invalid value, the checkout compiler
will raise the ERROR condition; under
the optimizing compiler, however,
detection of such an error is not
guaranteed.

11.

The values of two entry expressions
may be compared using either the = or
,= comparison operator. It is not an
error to specify, in a comparison
operation, an entry variable whose
value is an entry point of an inactive
block.

12.

Entry names on the same PROCEDURE or
ENTRY statement do not compare equal.

13.

The ENTRY attribute cannot be
specified in a RETURNS attribute o:r
option. ENTRY statement do not
compa re eq ua 1.

Assumptions:
The ENTRY attribute can be implied. The
appearance of an identifier as a label
prefix of either a PROCEDURE statement or
an ENTRY statement constitutes an explicit
declaration of that identifier as an entry
constant.
Its attributes are obtained from
this explicit declaration and from the
declarations, if any, given in an
addi tional DECLARE statement. The
attributes are obtained as follows:
scope attribute: For an external entry
constant, the scope is EXTERNAL
(INTERNAL is invalid). For an entry
variable, the scope is INTERNAL ty
default.
RETURNS Attribute: This is obtained
from the'RETURNS attribute in the
DECLARE statement.

ENVIRONMENT
Abbreviation:

declared with the EVENT attribute in a
DECLARE statement. It may be
contextually declared by its
appearance in an EVENT option of a
CALL statement, in a WAIT statement,
in a DISPLAY statement, or in various
input/output statements (see chapter
10, "Input and Output", and chapter
17, "Multitasking").

ENV

The ENVIRONMENT attribute is an
implementa.tion-defined attribute that
specifies various file characteristics that
are not part of the PL/I language.
General forma t:

2.

Event names may also have the
following attributes:

ENVIRONMENT (option-list)
Dimension
Options in the "option list" are separated
by blanks or commas. The option list is
defined individually for each
implementation of PL/I.
For this
implementation, it is as follows:
[record-format] [BUFFERS(n)]
[data-set-organization]
[magnetic tape handling]
[printer-punch-control]
[COBOI~] [data-management-optimiza tion]
[key-classification]
[KEYLENGTH( n)]
[KEYLOC (n) ]
[ SCALARVARYING]
[teleprocessing format]
[direct access device usage]
[ASCII - data interchange code]
[BUFOFF[(n)] - buffer offset]

Scope (the default is INTERNAL)
Storage class (the default is
AUTOMATIC)
DEFINED (event names may only be
defined on other event names)
INITIAL or INITIAL CALL
3.

[TOTAI~]

An event variable has two separate
values:
a.

A single bit which reflects the
completion value of the variable.
'l'B indicates complete, lOeB
indicates incomplete.

b.

A fixed-point binary value of
default precision (i.e.,(15,0»
which reflects the status value of
the variable. A zero value
indicates normal, nonzero
indicates abnormal status.

[PASSWORD(password-specification)]
The options may appear in any order. They
are described in chapter 11, "StreamOriented Transmission" and chapter 12,
"Record-Oriented Transmission".

The values of the event variable can
be separately returned by use of the
COMPLETION and STATUS built-in
functions.
The COMPLETION function
returns a bit-string value
corresponding to the corrpletion value
of the variable; STATUS returns a
fixed binary value corresponding to
the status value.

The ENVIRONMENT attribute may be
incl uded only in a DECLARE statement.
It
cannot be specified as an option of an OPEN
statement. It can be specified as an
option of the CLOSE statement for the
volume disposition options LEAVE and
REREAD.

The EVENT attribute specifies that the
associated identifier is used as an event
name. EVEmt names are used to investigate
the current state of tasks or of
asynchron()us input/output operations. They
can also be used as program switches.

Assignment of one event variable to
another causes both the completion and
status values to be assigned.
Conversion between event variables and
any other data type is not possible.
4.

Event variables may be elements of an
aggregate. Aggr~gates containing
event variables may take part in
assignment, provided that this would
not require conversion to or from
event data.

5.

The values of the event variable can
be set by one of the following means:

General format:
EVEN~r

General rules:
a.
1.

An identifier may be explicitly

Use of the COMPLETION
pseudovariable., to set the
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completion value.
.b.

Use of the STATUS pseudovariable,
to set the status value.

c.

Event variable assignment.

d.

By a statement with the EVENT
option.

e.

By a WAIT statement for an event
variable associated with an
input/output event or DISPLAY
statement.

f.

By the termination of a task with
which the event variable is
associated.

g.

By closing a file on which an
input/output operation with an
event option is in progress.

6.

On allocation of an event variable,
its completion value is 'O'B
(incomplete). The status value is
undefined.
(On the checkout compiler
it is set to the uninitialized value
used for fixed binary (15) items.)

7.

An event variable may be associated
with an event, that is, a task or an
input/output operation, by means of
t~he EVENT option on a statement.
The
variable remains associated with the
E~vent until the event is completed.
E'or a task the event is completed when
t:he task is terminated because of a
RETURN, END or EXIT; for an
input/output event, the event is
completed during the execution of the
WAIT for the associated event which
must be present in the task that
initiated the input/output operation.
During this period the event variable
is said to be active.
It is an error
t.o associate an acti ve event variable
with another event, or to modify the
completion value of an active event
variable by event variable assignment
or by use of the COMPLETION pseudovariable.

8.

9.
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the event variahle is set complete and
is no longer active.
If the task
termination is n0t due to RETURN or
END in the task, then the event
variable status is set to 1, unless it
is already nonzero. The sequence of
the two assignments to the event
variable values is uninterruptable.
10.

On execution of an input/output
statement with the EVENT option, the
event variable, if inactive, is set to
zero status value and to incomplete.
The sequence of these two assignments
is uninterruptable and is completed
before any transmission is initiated
but after any action associated with
an implicit opening is completed. An
input/output event variable will not
be set complete until either the
termination of the task that initiated
the event or the execution, by that
task, of a WAIT statement naming the
associated event variable. The WAIT
operation delays execution of this
task until any transmission associated
with the event is terminated. If no
input/output conditions are to be
raised for the operation, the event
variable is set complete and is no
longer active. If any input/output
conditions are to be raised, the event
variable is set to have a status value
of 1 and the relevant conditions are
raised. On normal return from the
last on-unit entered as a result of
these conditions, or on abnormal
return froro one of the on-units, the
event variable is set complete and is
no longer active.

11.

Event variables cannot be unaligned.

12.

Two event variables can be compared
using a = or a
comparison operator.
The variables compare equal if both
the status and completion values are
equal, otherwise they compare not
equal.

,=

It is an error to assign a value to an
active event variable (including an
E:!vent variable in an array, structure,
or area) by means of an input/output
statement.

Abbreviation:

On execution of a CALL statement with
the EVENT option, the event variable,
if inactive, is set to zero status
value and to incomplete. The sequence
of these two assignments is
uninterruptable, and is completed
before control passes to the named
(~ntry point.
On termination of the
task initiated by the CALL statement,

The EXCLUSIVE attribute specifies that
records in a DIRECT UPDATE file may be
locked h¥ an accessing task to prevent
other tasks froro interfering with an
operation. The section entitled "EXCLUSIVE
Attribute" in chapter 10, "Input and
output", contains a table showing the
effects of various operations on EXCLUSIVE
files and the records contained in them.
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EXCLUSIVE
EXCL

General format:
EXCLUSIVE
Gener al rules:
1.

2.

3.

4.

The EXCLUSIVE attribute can be applied
to HECORD KEYED DIRECT UPDATE or INPUT
filE~s only.
A READ statement referring to a record
in an EXCLUSIVE file has the effect of
locking that record, unless the READ
sta1:ement has the NOLOCK option, or
unless the record has already been
locked by another task; in the latter
case, the task executing the READ
statement will wait until the record
is lmiocked before proceeding.
A DELETE or REWRITE statement
refE~rring to a locked record will
a utorna tically unlock the record at the
end of the DELETE or REWRITE
operation; if the record has been
locked by another task, the task
executing the DELETE or REWRITE
statement will wait until the record
is tmlocked. While a DELETE or
REWHITE operation is taking place, the
record is always locked.
Automatic unlocking takes place at the
end of the operation, on completion of
anyon-units entered because of the
operation (that is, at the
corresponding WAIT statenent when the
EVENT option has been specified) or by
a GO TO branch out of such an on-unit.

5.

A locked record can be explicitly
unlocked by the task that locked it,
by means of the UNLOCK statement.

6.

Closing an EXCLUSIVE file unlocks all
the records locked by that task in the
file.

7.

When a task is terminated" all records
locked by that task are unlocked~

Assumptions:
1.

2.

General format:
EXTERNAL I INTERNAL
General rules:

1.

When a major structure name is
declared EXTERNAL in more than one
block, the attributes of the structure
members must be the same in each case,
although the corresponding member
names need not be identical.

2.

Members of structures always have the
INTERNAL attribute and cannot be
declared with any scope attribute.
However, a reference to a member of an
external structure, using the member
name known to the block containing the
reference, is effectively a reference
to that member in all blocks in which
the external name is known, regardless
of whether the corresponding member
names are identical.

Assumpti.ons:
INTERNAL is assumed for entry names of
internal procedures and for variables with
any storage class. EXTERNAL is assumed for
file constants and entry constants of
external procedures. Prograrrmer-defined
condition names are assumed to be EXTERNAL.

The FILE attribute specifies that the
identifier being declared is a file name.
General format:

If a file is implicitly opened by the
UNLOCK statement, it is given the
EXCLUSIVE attribute.
EXCI,USIVE implies RECORD, DIRECT,
KEYED, and UPDATE.

EXTERNAL and INTERNAL
Abbreviat.ions:

The EXTERNAL and INTERNAL attributes
specify the scope of a name.
INTERNAL
specifies that the name can be known only
in the declaring block and its contained
blocks. EXTERNAL specifies that the name
may be known in other blocks containing an
external declaration of the same name.

EXT for EXTERNAL
INT for INTERNAL

FILE
General rules:

1.

File description attributes, such as
RECORD, INPUT, etc., cannot be applied
to a file variabl e.

2.

A file expression is a file constant,
a file variable or a function
reference that represents a file
value.
It may be used as:
a.

an argument to the FILE or COpy
option
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3.

b..

an argument to be passed to a
fUnction or subroutine

c..

an argument to an input/output
condition name for ON, SIGNAL, and
REVERT statements

d..

an argument to a RErURN statement

On-units can be established for a file
constant through a file variable that
represents its value.
For example:
DCL F FILE,
G FILE VARIABLE:
G=F;
Ll: ON ENDFILE(G) ;
L2:
ON ENDFILE(F);
The statements labelled Ll and L2 are
equi valent.

4.

A dummy argument is created for a file
constant argument to a CALL statement
or function reference.

5.

A file variable may be specified in a
CHECK prefix list. The CHECK
condition is not raised for such a
file variable by its appearance as a
FILE option in ON, SIGNAL, and REVERT
statements.

6.

The value of a file variable may be
transmitted by record-oriented
transmission statements. The value
may not be valid after transmission.

1.

The values of two file expressions may
be compared using either the = or ,=
comparison operator. The expressions
compare equal only if they represent file
values 6 all of whose parts are equal.

ALIGNED or UNALIGNED
DEFINED
INITIAL
VARIABLE

FIXED and FLOAT
The FIXED and FLOAT attributes specify the
scale of the arithmetic variable being
declared.
FIXED specifies that the
variable is to represent fixed-point data
items. FLOAT specifies that the variable
is to represent floating-point data items.
General format:
FIXED I FLOAT
General rule:
The FIXED and FLOAT attributes cannot be
specified with the PICTURE attribute.
Assumptions:
Undeclared identifiers (or identifiers
declared only with one or more of the
dimension, ALIGNED or UNALIGNED, scope, and
storage class attributes) are assumed to be
arithmetic variables with assigned
attributes depending upon the initial
letter.
For identifiers beginning with any
letter I through N, the standard default
attributes are REAL FIXED BINARY (15,0).
For identifiers beginning with any other
a'lphabetic character, the standard default
attributes are REAI~ FLOAT DECIMAL (6).
If
BINARY or DECIMAL andlor REAL or COMPLEX
are specified, FLOAT is assumed.

Assumptions:
The FILE attribute can be implied for a
file constant by any of the "file
description attributes". Refer to chapter
10, "Input and Output", for discussion of
the file attributes. In addition, an
identifier can be contextually declared as
a file constant through its appearance in
the FILE option of any input or output
statement, or in an ON statement for any
input/output condition.
An identifier with the FILE attribute is
assumed to be a file variable if the
identifier is an element of an array or
structure, or if any of the following
additional attributes is specified:
storage class attributes
dimension attributes
parameter
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See FIXED.

GENERIC
The GENERIC attribute is used to define an
entry name that is generic to a specified
group of entry expressions. When the
generic name is referred to, one of the
specified entry expressions is selected,
based upon the arguments specified for the
generic name in the reference .•
General format:
GENERIC (entry-expression WHEN
(generic-descriptor-list)
[,entry-expression WHEN

(generic-descriptor-list)] ••• );

VARYING
A missing descriptor may be indicated
by an asterisk or a cororra in the
generic descriptor list.

where generic-descriptor-list is:
[descriptor[,descriptorl ••• l
General rules:
1.

The only attribute than can be
specified for the name being given the
GENERIC attribute is INTERNAL.

2.

Each entry expression following the
GENE:RIC attribute corresponds to one
member of the generic group. An
entry-expression must be a constant or
variable of type ENTRY.
It must not
be based, subscripted, or defined.

3.

The same entry-expression may appear
more than once within a single GENERIC
declaration with different lists of
descriptors.

4.

The selection of a particular entry
expression is based upon the arguments
of, or absence of all arguments from,
the reference to the generic name.
When a generic name is referred to,
the number of arguments and attributes
of E~ach argument are compared with
each generic descriptor list from left
to right until all the attributes in
one generic descriptor list are found
to be attributes of the arguments.
The reference is then interpreted as a
reference to the member with the
matching generic descriptor list.

5.

The only attributes allowed are those
that: affect generic selection; these
are:
l~LIGNED

l~REA (No size may be specified)
Base
BIT (No length may be specified)
CHARACTER (No length may be
specified)
ENTRY (No descriptor list may be
specified)

gVENT

6.

An entry expression used as an
argument in a reference to a generic
value only matches a descriptor of
type ENTRY.
If there is no such
description, the program is in error.

7.

An argument with the GENERIC attribute
matches an ENTRY attribute in a
generic descriptor list.

8.

Under the optimizing compiler, if a
locator attribute (POINTER or OFFSET)
is specified in the generic descriptor
list, the corresponding parameter must
have the same attribute; no conversion
from one type to the other can be
performed when the entry-point is
invoked.
Under the checkout compiler,
the conversion can be performed.

9.

Level numbers must not be specified in
a generic descriptor.
An aggregate
may be passed as an argument to a
generic entry name but no dummy
argument will be created.

10.,

Generic names (as opposed to
references) may be specified as
arguments to non-generic entry names.
If the non-generic entry name is an
entry variable cr an external entry
constant it must be declared with a
parameter descriptor list.
The
descriptor for the generic argument
must be ENTRY with a parameter
descriptor list. This nested list is
used to select the argurrent to be
passed.
For example:
A:

PROC;

DCL B GENERIC

(C WHEN(FIXED),
D WHEN (FLOAT» ,
E ENTRY (ENTRY(FIXED»;
CALL E(B);

]~ILE

l:'ABEL (No label list may be
specified)
Mode
Number of dimensions (No bounds
may be
specified)
OFFSET (No area variable may be
specified)
PICTURE 'picture-specification'
POINTER
Precision (Number of digits and
scale factor must be
specified)
Scale
'rASK

UNALIGNED

END A;
When procedure E is invoked, C is
selected and passed as the argument"
since the descriptor specifies that
the parameter speci fied by the entry
name parameter is FIXED.
If the non-generic entry name is an
internal entry constant, the
corresponding parameter must be
declared ENTRY with a parameter
descriptor list. This list is used to
select the argument to be passed.
For
example:
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A: PROC;
DCL B GENERIC CC WHENCFIXED),
D WHENC FLOAT»;
CALL ECB) i
E:
PROC(P):
DCL P ENTRY(FIXED)i

entry-constant
file-constant
label-constant
(+I-]real-constant{~I-}imaginary

constant
END E:
The term "expression" denotes an
element expression used to provide an
initial value to be assigned to the
initialized data item. An expression
is always enclosed in parentheses when
specified in the INITIAL attribute.
The term "reference" denotes a
reference to a variable or a functi.on
which can be used for the initial
value of the data item.

END Ai
When procedure E is invoked, C is
selected and passed as the argument,
since the parameter of entry name
parameter is declared to be FIXED.

INITIAL
3.
Abbreviation:

INIT

The INITIAL attribute has two forms.
The first specifies a constant, expression~
or function reference, whose value is to be
assigned to a data item when storage is
allocated to it. The second form specifies
that, through the CALL option, a procedure
is to be invoked to perform initialization
at allocation. The variable is initialized
by assignment during the execution of the
called routine (rather than by this routine
being invoked as a function that returns a
value to the point of invocation).

STATIC: When the external procedure
in which the variable is declared
is entered.
AUTOMATIC: When the block in which
the variable is decJ.ared is
entered.
CONTROLLED: When the ALLOCATE
statement is executed.
BASED: When an ALLOCATE or a LOCATE
statement is executed for the
variable.
If the variable is
referenced only by setting a
pointer and is never specified in
an ALLOCA~rE or LOCATE statement,
the INITIAL attribute specified in
a DECLARE statement is never
applied.

General format:
1.

INITIAL (item (,item] ••• )

2.

INITIAL CALL entry- express ion
[argument-Ii st]

The time at which the INITIAL
attribute is applied depends on the
storage class of the variable.

General rule:
4.

Only one initial value can be
specified for an element variable:
more than cne can be specified for an
array variable. A structure variable
can be initialized only by separate
initialization of its elementary
names, whether they are element or
array variables.

5.

Initial values specified for an array
are assigned to successive ele~ents of
the array in row-major order (final
subscript varying most rapidly).

6.

If too many initial values are
specified for an array, excess ones
are ignored; if not enough are
specified., the remainder of the array
is not initialized.

7.

Only constant values with no
operations, for example, 3, 'ABC', can
be specified in the INITIAL attribute

The INITIAL attribute cannot be given to
constants, defined data, structures or
parameters (except CONTROLLED parameters).
Rules for form 1:

1.

2.

Each item in the list can be a
constant, a parenthesized expression,
a reference, an asterisk denoting no
initialization for a particular
element, or an iteration
specification.
In this discussion, the term
"constant" denotes one of the
following:
[+1-] arithmetic-constant
bit-string-constant
character-string-constant
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for STATIC variables, except that the
NULL built-in function may be used to
ini t:ial::t ze a STATIC pointer variable.
8.

known within the block in which the
initialized item is declared.

The iteration specification has one of
the following general forms:

15.

STATIC label or entry variables cannot
have the INITIAL attribute.

(i tera tion-f actor)
reference I constant I (expression)

16.

An alternate method of initialization
is available for elements of arrays of
non-STATIC label variables: an element
of a label array can appear as a
statement prefix, provided that all
subscripts are optionally signed
decimal integer constants. The effect
of this appearance is the
initialization of that array element
to a va lue that is a constructed label
constant for the statement prefixed
with the subscripted reference. This
statement must be immediately internal
to the block containing the
declaration of the array. Only one
form of initialization can be used for
a given label array.
If CHECK is
specified for such an array and the
elements of the array are initialized
in this way, the CHECK condition is
not raised at initialization.

17.

If the attributes of an item in the
INITIAL attribute differ from those of
the data item itself, then, provided
the attributes are compatible,
conversion will be performed.

18.

If a STATIC EXTERNAL item is given the
INITIAL attribute in more than one
declaration, the value specified must
be the same in every case.

( i tE~ration-factor)

item [, item] •••
(i tE!ration-factor)

*

The "iteration-factor" specifies the
number of times the constant,
expression, or item list" is to be
repeated in the initialization of
elements of an array.
If a constant
or expression follows the iteration
fact:or, then the specified number of
elements are to be initialized with
that: value.
If a list of items
follows the iteration factor, then the
list: is to be repeated the specified
number of times, with each item
initializing an element of the array.
If an asterisk follows the iteration
fact:or, then the speci fied number of
elements are to be skipped in the
initialization operation.
9.

The iteration factor can be an element
expression, except for STATIC data, in
which case it must be an unsigned
decimal integer constant. When
storage is allocated for the array,
the expression is evaluated to give an
integer that specifies the number of
iterations.

10.

A nE!gative or zero iteration factor
causes no initialization.

11.

The initialization of an array of
stri.ngs may include both str ing
repE!ti tion and iteration. factors.
Where only one of these is given i t is
taken to be a string repetition factor
unlE~ss the string constant is placed
in parentheses. Note that a string
repetition factor must be an unsigned
decimal integer constant. For
example, consider the following:
«2) 'A')is equivalent to ('AA')
«2)('A'»
is equivalent to ('A','A')
«2)(1)'A') is equivalent to ('A'.,'A')

12'1

Iterations may be nested.

13.

It is an error to specify an iteration
fact:or in an INITIAL attribute of a
scalar item.

14.

Names used in expressions and function
references for initial values must be

Rules for form 2:
1.

The "entry-expression" and "argumentlist" passed must satisfy the
condition stated for prologues as
discussed in chapter 6, "Program
Organization" •

2.

Form 2 cannot be used to initialize
STATIC dat a.

Examples:
a.

DECLARE SWITCH BIT (1)
INITIAL ('l'B);

b.

DECLARE MAXVALUE INITIAL (99),
MINVALUE INITIAL (-99);

c.

DECLARE A (100,10) INITIAL
«920)0, (20) «1)5,9»;

d.

DECLARE TABLE (20,20) INITIAL
CALL SET_UP eX,Y);

e.

DECLARE 1 A(S),
2 B INITIAL (0),
2 C INITIAL «S)O);
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f.

DECLARE Z(3) LABEL;

Z(1):

IF X

Z(2):

A

=Y

=A

have the PRINT attribute.

THEN GO TO EXIT;

+ B + C

*

2.

A file with the OUTPUT attribute
cannot have the BACKWARDS attribute.

3.

A file with the UPDATE attribute
cannot have the STREAM, BACKWARDS, or
PRINT attributes.. A declaration of
UPDATE for a SEQUENTIAL file indicates
the update- in··place mode,. To access
such a file, th~ sequence of
statements must be READ, then REWRITE.

0;

Assumptions:
Z e3):

A = A + 10;

Default is INPUT. The PRINT attribute
implies OUTPUT. The EXCLUSIVE attribute
implies UPDATE.

GO TO ZeI);

EXIr:

RETURN;

Example c results in the following:
each of the first 920 elements of A is set
to 0, the next 80 elements consist of 20
repetitions of the sequence 5.,5,5,9.

See EXTERNAL.

IRREDUCIBLE and REDUCIBLE
In Example d, SET UP is the name of a
procedure that sets the initial values of
elements in TABLE. X and Yare arguments
passed to SET_UP.
In gxample e, Band C inherit a
dimension of (8) but; whereas only the
first element of B is initialized, all the
elements of C are initialized.
In the last example, transfer is made to
a particular element of the array Z by
giving I a value of 1,2, or 3.

INPUT, OUTPUT, and UPDATE
The INPUT, OUTPUT, and UPDATE attributes
indicate the function of the file.
INPUT
specifies that data is to be transmitted
from auxiliary storage to the program.
OUTPUT specifies that data is to be
transmitted from the program to auxiliary
storage either to create a new data set or
extend an existing one.
UPDATE specifies
that the data can be transmitted in either
direction; that is, the file is both an
input and an output file.
General format:
INPUT I OUTPUT I UPDATE
General rules:
1.
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Abbreviations:

IRRED for IRREDUCIBLE
RED for REDUCIBLE

These attributes are used for
optimization. The checkout compiler merely
checks them for syntax errors, applies the
implied attribute, and then ignores them.
Their presence in a program processed by
the checkout conpiler is not an error.•
They are specified in entry-constant
declarations of function procedures.
REDUCIBLE specifies that if the entry name
appears with an argument list that is
identical to an argument list used in an
earlier invocation, the function need not
necessarily be reinvoked and the result of
the earlier evaluation may be used.
IRREDUCIBLE specifies that this type of
optimization is not permitted.
Optimization within a function procedure is
not affected by either attribute.
General format:
IRREDUCIBLE I REDUCIBLE
General rule:
1.

These attributes can be applied only
to external entry constants or entry
variables, since internal entry names
cannot be declared. For internal
entry constants, the equivalent
options can be applied to PROCEDURE or
ENTRY staterr.ents.

Assumptions:

General format:

The IRREDUCIBLE and REDUCIBLE attributes
imply ENTRY.
The st,andard default is IRREDUCIBLE.

The KEYED attribute specifies that the
options KEY, KEYTO, and KEYFROM may be used
to access records in the file. These
options indicate that keys are involved in
accessing the records in the file.
General format:

LABEL [(statement-label-constant
[,statement-label-constant] ••• )]
General rules:
1.

If a list of statement label constants
is given, the variable rrust have as
its value a member of the list when
used in a GO TO statement or R format
item. The label constants in the list
must be known in the block containing
the declaration. Under the optimizing
compiler, the maximum permissible
number of label constants in the list
is 125. There is no limit under the
checkout compiler.

2.

The parenthesized list of statement
label constants can be used in a LABEL
attribute specification for a label
array.

3.

A label variable may not be used to
identify a PROCEDURE or ENTRY
statement, and an entry constant may
not be assigned to a label variable.

4.

A subscripted label specifying an
element of a label array can appear as
a statement label prefix if the label
variable is not STATIC, but it cannot
appear in an END ,statement after the
keyword END. For further information,
see the INITIAL attribute.

5.

A label variable may have another
label variable or a label constant
aSSigned to it. When such an
assignment is made, the environment of
the source label is assigned to the
target.

6.

The INITIAL attribute cannot be
specified for STATIC label variables.

7.

A label variable used in a GO TO
statement must have as its value a
label constant that is used in a block
that·is active at the time the GO TO
is executed. If the variable has an
invalid value, the checkout compiler
will raise the ERROR condition; under
the optimizing compiler, however,
det€ction of such an error is not
guaranteed.

8.

Labels may be compared. Comparison
operators permitted for labels are =
and ~=.
Labels on the same statement
compare ,equal. It is not an error to
specify" in a comparison operation, a
label variable whose value is a label
constant used in a block that is no
longer active.

9.

A label prefixed to a null statement

KEYED
General rules:
1.

A KEYED file cannot have the
attributes STREAM or PRINT.

2.

The KEYED attribute can be specified
for RECORD files only, and must be
associated with direct access devices
or with a file with the TRANSIENT
attribute.

3.

The KEYED attribute must be specified
for every file with which any of the
options KEY, KEYTO, and KEYFROM is
used. It need not be specified if
none of the options are to be used,
even though the corresponding data set
may actually contain recorded keys,.

Assumption:
The DIRECT attribute implies KEYED.

The LABEr. attribute specifies that the
identifiE~r being declared is a label
variable and is to have statement labels as
values.
To aid in optimization of the
object program, the 'attribute specification
may also include the values that the name
can have during execution of the program.
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does not compare equal to a label
prefixed to the statement immediately
following the null statement.
END;
For example:
A: ;
B:

These declarations result in the
following:

X=7;

Label A is not equal to label B.

10.

11.

12.

1 A LIKE 0 is expanded to give:

A label prefixed to a FORMAT statement
does not compare equal with the label
prefixed to the following statement.
A label prefixed to an END statement
does not compare equal with the label
prefixed to the following statement.

1 A,

2 C, 3 G,

3 H

1 B LIKE A.C is expanded to give:
1 B,

3.

a.

The label on IF statement does not
compare equal with that on the
succeeding THEN clause.

3 E, 3 F

Neither the "structure variable"
nor any of its substructures can
be declared with the LIKE
attribute. For example, the
following is invalid:
DECLARE 1 A LIKE C,
1 B,
2 C,

Length Attribute

3 D,
3 E LIKE X,
2 F,

See BI'r.

1 X,
2 Y,
2 Z;

The LIKE attribute specifies that the name
being declared is a structure variable with
the same structuring as that for the name
followi.ng the attribute keyword LIKE.
Substructure names, elementary names, and
attributes for substructure names and
element:ary names are to be identical.

because the LIKE attribute of A
specifies a structure, C, that
contains an identif ier, E" that
has the LIKE attribute.
b.

"Structure variable" must not be a
substructure of a structure
declared with the LIKE attribute.
For example, the following is
invalid:

General forma t:
DECLARE 1 A LIKE G.e,

1 B,
2 c,

LIKE structure-variable
General rules:

3 D,

3 E,
1.

2.

The "structure-variable" can be a
major structure name or a minor
st:ructure name.
It can be a qualified
name, but it cannot be subscripted.
The "structure-variable" must be known
in the block containing the LIKE
attribute specification. The
structure names in all LIKE attributes
are associated with declared
structures before any LIKE attributes
are expanded. For example:
DECLARE 1 A, 2 C, 3 E,

3 F,

1 0, 2 C, 3 G, 3 H;

2 F,

1 G LIKE B;
because the LIKE attribute of A
specifies a substructure, G.C, of
a structure, G, declared with the
LIKE attribute.
c.

Under the optimizing compiler, no
substructure of the major
structure containing "structure
variable" can have the LIKE
attribute. For example, the
following is invalid under the
optimizing compiler:
DECLARE 1 A LIKE C,

1 B,
BEGIN;
DECLARE 1 A LIKE D, 1 B LIKE A.C;
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2 C,
3 .D,

3 D,
3 E,
2 F LIKE X,

1 X,
2 Y,
2 Z;

because the LIKE attribute of A
specifies a structure, C, within a
structure, B, that contains a
substructure, F, having the LIKE
attribute.
4.

5.

6.

1.

8.

Neither additional substructures nor
elementary names can be added to the
created structure; any level number
that immediately follows the
"structure variable" in the LIKE
attribute specification in a DECLARE
statement must be algebraically equal
to o:r less than the level number of
the name declared with the LIKE
attribute.
Attributes of the" structure variable"
itself do not carryover to the
created structure. For example,
storage class attributes do not carry
over.
If the "structure variable"
following the keyword LIKE represents
an array of structures, its dimension
attribute is not carried over.
Attributes of substructure names and
elemc::mtary names, however, are carried
over; contained dimension and length
attributes are recomputed.
An
exception is that this does not apply
to the INITIAL attribute for any
elements of a label array that has
been initialized by prefixing to a
statement.
If a direct application of the
desc:ription to the structure declared
LIKE would cause an incorrect
continuity of level numbers (for
example, if a minor structure at level
3 were declared LIKE a major structure
at level 1) the level numbers are
modified by a constant before
application.

The OFFSRf and POINTER attributes
describe locator variables. A pointer
variable can be used in a based variable
reference to identify a particular
generation of the based variable. Offset
variables identify a location relative to
the start of an area; pointer variarles
identify any location, including those
within areas.
General format:
POINTER IOFFSET
[(element-area-variable)]
General rul es :
1.

A pointer variable can be explicitly
declared in a DECLARE statement, or it
can be contextually declared by its
appearance as a pointer qualifier, by
its appearance in a BASED attribute,
or by its appearance in a SET option.

2.

An offset variable cannot be
contextually deClared.
If no area
variable is specified the offset can
only be used as a locator qualifier
through use of the POINTER built-in
function.

3.

The value of a pointer variable can be
set in any of the following ways:

4.

The :LIKE attribute is expanded before
the ALIGNED and UNALIGNED attributes
are inherited by the contained
elements of a structure.
The:LI KE attribute is expanded before
the standard defaults or DEFAULT
statements are applied.
5.

6.
PTR for POINTER

With the SET option of a READ
statement.

b.

By a LOCATE statement.

c.

By an ALLOCATE statement.

d.

By assignment of the value of
another locator variable, or a
locator value returned by a userdefined function.

e.

By assignment of an ADDR or NULL
built-in function value.

The value of an offset variable can be
set in any cne of the following ways:
a.

By an ALLOCATE statement.

b.

By assignment of the value of
another locator variable, or a
locator value returned by a userdefined function.

c.

By assignment of the NULL built-in
function value.

Locator variables cannot be operands
of any operators other than the
comparison operators
and

=

OFFSET and POINl'ER
Abbreviation:

a.

,=.

Locator data cannot be converted to
any other data type, but pointer can
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converted to offset, and vice
versa.

bl~

7.

A locator value can be assigned only
to a locator variable. When an offset
value is assigned to an offset
variable, the area variables named in
the OFFSET attributes are ignored.

OPl'IONS
The OPTIONS attribute specifies
characteristics of entry data. The OPTIONS
attribute implies the ENTRY attribute and
is additive.
It has no effect on argument
passing and gener ic sel ection .•
General Format:

A pointer value is converted to offset
by effectively deducting the pOinter
value for the start of the area from
the pointer value to be converted.
This conversion is limited to pointer
values that relate to addresses within
the area named in the OFFSET
attribute. Except when assigning the
NULL built-in function value, it is an
error to attempt to convert to an
offset variable that is not associated
with an area.
In conversion of offset data to
pointer, the offset value is added to
the pointer val ue of the start of the
area named in the OFFSET attribute.
It is an error to attempt to convert
an offset variable that is not
associated with an area.
In any conversion of locator data
under the optimizing compiler, if the
offset variable is a member of a
st~cture, or if it appears in a DO
statement or a multiple assignment
statement, then the area associated
with that offset variable must be an
unsubscripted, non-defined, element
variable. The area may be based, but
if so, its qualifier must be an
wlsubscripted, non-based, non-defined
pointer; and this pointer must not be
used to qualify the area explicitly in
declaration of the offset variable.
No such restrictions apply to the
checkout compiler.
8.

9.

With one exception, locator data
cannot be transmitted using STREAM
input/output. The exception is that,
for the checkout compi ler" locator
variables can appear in a PUT DATA or
PUT LIST statement.
Whenever implicit conversion between
pointer and offset takes place the
area variable designated in the OFFSET
a"ttribute is used to establish the
value.

Assumpti on:
The variable named in the OFFSET
attribute is contextually declared to have
the AREA attribute.
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OPTIONS (options-list)
It is used in the following manner:
DECLARE identifier
[ENTRY [ (parameter-descriptor-list) ] ]
[VARIABLE] OPTIONS(option-list);
The options are separated by blanks.
For this implementation, the options are:
COBOL
[additional-options]
FORTRAN
[additional-options]
{ASSEMBLER I ASM} INTER

I

One or more additional options may
appear, in any order, with either the COBOL
or the FORTRAN option. They are:
NOMAP
NO MAP IN
NOMAPOUT

[(argument-list)]
[ (argument-list)]
[(argument-list) ]

INTER
The COBOL, FORTRAN, and additional
options are described only briefly
below; a full account of
the effect and usage is given in chapter
19, "Interlanguage Communication".
Ge ne ral rul es :
1.

The OPTIONS attribute can only be used
in an entry declaration. It can only
be specified for external entry constants,
or entry variables, or parameters.
2.

The options can be specified in any
order.

3.

The COBOL option specifies that the
designated entry point is in a COBOL
s u bprog ram.
4.

The FORTRAN option specifies that the
designated entry point is in a FORTRAN
subroutine or function.
5.

The ASSEMBLER option specifies that
the designated entry point is in an
assembler subroutine: this option aids
invocation of the entry point from a
PL/I program, by causing arguments to

be p,assed directly to the subroutine,
rather than via PL/I control blocks.
The option is subject to the following
rules:

a.

An entry name declared with the

OPTIONS (ASSEMBLER) attribute
cannot be used as a function
reference.
b.

Any number of arguments can be
passed in the CALL statement
invoking the entry, from zero up
to the number implied by the entry
declaration, but intervening
arguments cannot be omitted.

c.

If the INTER option (see rule 7)
is omitted, a warning diagnostic
will be issued, and INTER will be
assumed; the PL/I interrupt
handling facilities will deal with
interrupts that are not handled by
the assembler routine, provided
that certain PL/I conventions are
followed.
(See the programmer's
guide for the compiler.)

d.

6.

Multitasking options cannot be
used when invoking subroutines for
Which OPTIONS(ASSEMBLER) has been
specified.

The NOMAP, NOMAPIN and NOMAPOUT
options prevent the manipulation of
data aggregates at the interface
between PL/I and either COBOL or
FORTRAN.
One or more of these options can
appear in the same OPrIONS-attribute
specification.
The arguments to which each option
applies can be specified in the
optional "argument-list" that follows
the option keyword.
The format of the
"argument-list" is:
(ARGil,ARGjl ••• )
where i,j, ••• are decimal integers,
and the option is to apply to the ith,
jth,...
items in the argument list of
procedure reference.

one specified or assumed argument
list.

7.

The INTER option specifies that the
PL/I interrupt handling facilities are
to deal with those interrupts
occurring during execution of a nonPL/I routine or subprogram that are
not handled by the invoked program or
its associated facilities.
Note that
routines executed with the INTER
option must follow certain PL/I
conventions if the interrupt is to be
successfully handled by PL/I.
(See
the programmer's guide for the
compiler. )
Note: For Models 91 and 195, the INTER
option will pass all interrupts to the
PL/I interrupt handler, never to the
appropriate non-PL/I routines.

Examples:
DCL COBOLA OPTIONS(COBOL NOMAP(ARG1)
NOMAPOUT(ARG3»:

CALL COBOLA(X,Y,Z): /* X, Y, Z ARE
STRUCTURES */

.

;

DCL FRTRNA OPTIONS(FORTRAN INTER):

CALL FRTRNA(L,M): /* LAND M ARE*/
/*ARRAYS
*/

.,

DCL ASSEMA OPTIONSCASM INTER)
ENTRY(FIXED DEC",FLOAT):

CALL ASSEMACA,B,C,O);

/*VALID*/

CALL ASSEMA(A,B):

/*VALIO*/

If there is no argument list for an
opti.on" the option is assumed to apply
to all the arguments passed on
invocation of the entry name.

CALL ASSEMA;

/*VALIO*/

An OPTIONS specification should not
include the same argument in more than

CALL ASSEMA(A",O):

/*INVALIO*/

Only the arguments to which this
option applies are specified in the
argument list; they can be specified
in any order.
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9, "Subroutines and Functions".

OUTPUT

Assumptions:
See INPUT.

Parameter Attribute

If attributes are not supplied in a
DECLARE statement, default attributes are
applied, depending on the initial letter of
the parameter identifier and on any
associated DEFAULT statement. A parameter
has the INTERNAL attribute by default.

The parameter attribute specifies that a
name in an invoked procedure represents an
argument passed to that procedure.
General rules:
1.

An identifier is explicitly declared
with the parameter attribute by its
appearance in a parameter list. The
identifier must not be subscripted or
qualified.

2.

A parameter list is specified in a
PROCEDURE or ENTRY statement.
Parameters in a parameter list
correspond, from left-to-right, with
arguments in an argument list.
The
number of arguments and parameters
must be the same.

3.

Attributes other than parameter can be
supplied by a DECLARE statement
internal to the procedure.
A
parameter cannot be declared with any
fi.le attributes other than FILE, or
with any of the attributes STATIC,
AUTOMATIC, BASED, BUILTIN, EXTERNAL,
GENERIC, or DEFINED.

4.

If a parameter is to be used as a base
i t~em for string overlay defining, or
is to be specified in record-oriented
transmission, the CONNECTED attribute
must be declared explicitly.

5.

Bounds, lengths, and sizes of simple
pa.rameters must be specified either by
asterisks or by constants.
Only
controlled parameters may have the
INITIAL attribute.

6.

If the attributes of an argument do
not match those given for the
corresponding parameter, a dummy
argument is generated with attributes
that agree with those of the
parameter. The original argument is
then converted and assigned to the
dummy argument. The conversion is
performed automatically for internal
entry constants; but for external
entry constants and entry v~riables, a
parameter-descriptor list must be
given in an appropriate entry
declaration if conversion is required.
The relationships between arguments
and parameters is discussed in chapter
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Abbreviation:

PIC

The PICTURE attribute is used to define
the internal and external formats of
character-string and numeric character data
and to specify the editing of data.
Numeric character data is data having an
arithmetic value but stored internally in
character form. Numeric character data
must be converted to coded arithmetic
before arithmetic operations can be
performed.
The picture characters are described in
"Picture specification Character" in Part
II.
General format:
PICTURE
~.character-Picture-specification~}

t'numeric-Picture-specification'
A "picture specification", either character
or numeric, is composed of a string of
picture characters enclosed in single
quotation marks. An individual picture
character may be preceded by a repetition
factor, which is a decimal integer
constant, n, enclosed in parentheses, to
indicate repetition of the character n
times. If n is zero, the character is
ignored. Picture characters are considered
to be grouped into fields, some of which
contain subfields.
General rules:
1.

The "character-picture-specification"
is used to describe a character-string
data item.

2.

The "numeric-picture-specification" is
used to describe a character item that
represents either an arithmetic value
or a character-string value, depending
upon its use.

3.

A numeric character data item can have
only a decimal base.
Its scale and

prec1s1on are specified by the picture
characters. The PICTURE attribute
cannot be specified in combination
with base, scale, or precision
attributes. If the mode of the
numeric character data is COMPLEX,
however, the COMPLEX attribute must be
explicitly stated.
4.

Only coded arithmetic data or
character string data representing
arithmetic constants may be assigned
to a numeric picture variable.

POINTER
See

assumed.
3.

The scale factor can be specified for
fixed-point variables only; the number
of digits is specified for both fixedpoint and floating-point variatles.

4.

When the scale is FIXED and no scale
factor is specified, it is assumed
to be zero; that is, the variable is
to represent integers.

5.

The scale factor of the variable" or
of an intermediate result must be in
the range -128 through +127.

6.

The scale factor can be negative, and
i t can be larger than the number of
digits.
A negative scale factor (-q)
always specifies integers, with the
point assumed to be located £ places
to the ,right of the :t;'ightmost actual
digit.
A positive scale factor (q)
that is larger than the number of
digits always 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 ~tored; only the
specified number of digits are
actua lly stored.

7.

The precision attribute cannot be
specified in combination with the
PICTURE attribute.

8.

The maximuw number of digits allowed
is 15 for decimal fixed-point data, 31
for binary fixed-point data, 33 for
decimal floating-point data, and 109
for binary floating-point data.

OFFSE~(,.

POSITION
See DEFINED.

Precision Attribute
The prec1s10n attr.ibute is used to specify
the minimum number of significant digits to
be maintained for the values of the data
items, and to specify the scale factor (the
assumed position of the binary or decimal
point) • 'rhe precision attribute applies to
both binary and decimal data.
General format:
(number-of-digi ts

[,scale-factor])

The "number-of-digits" is an unsigned
decimal integer constant and "scale-factor"
is an optionally signed decimal integer
constant.
The precision attribute
specification is often represented, for
brevity, ,as (p, q), where E. represents the
"number-of-digits" and g represents the
"scale-factor".

Assumptions:
The standard defaults for precision are
as follows:
(5,0) for DECIMAL FIXED
(15,0) for BINARY FIXED
(6) for DECIMAL FLOAT
(21) for BINARY FLOAT

General rules:
1.

2.

The precision attribute must follow,
with no intervening keywords or names,
the scale (FIXED or FLOAT), base
(DECIMAL or BINARY), or mode (REAL or
COMPLEX) at the same factoring level.
The number of digits specifies the
number of digits to be maintained for
data items assigned to the variable.
The scale factor specifies the number
of fractional digits.
No point is
actually present; its location is

The PRINT attribute specifies that the data
of the file is ultimately to be printed.
The PAGE and LINE options and format items
of the PUT statement and the PAGESIZE
option of the OPEN statement can be used
only with files having the PRINT attribute.
These options are described in section J,
"Statements" •
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General format:
PRINT

DELETE, ON, and assignment statements.
3.

A file with the STREAM attribute
cannot have any of the following
attributes: UPDATE, DIRECT,
SEQUENTIAL, TRANSIENT, BACKWARDS,
BUFFERED, UNBUFFERED, EXCLUSIVE, and
KEYED, any of which implies RECORD.

4.

A file with the RECORD attribute
cannot have the PRINT attribute.

General rules:
1.

The PRINT attribute implies the OUTPUT
and STREAM attributes.

2.

The PRINT attribute conflicts with the
R.ECORD attribute.
(However RECORD
files can be associated with the
printer; see chapter 12, "RecordOriented Transmission n . )

3.

The PRINT attribute causes the initial
data byte within each record to be
reserved for ANS printer control
characters. These control characters
are set by the PAGE, SKIP, or LINE
format items or options.

Assumptions:
Default is STREAM. If a file is
implicitly opened by a READ, WRITE,
REWRITE, LOCATE, UNLOCK, or DELETE
statement, RECORD is assumed.

REDUCIBLE
Assumption:
If no FILE or STRING specification
appears in a PUT statement, the standard
output file SYSPRINT is assumed.

See COMPLEX.

See IRREDUCIBLE.

The RETURNS attribute is specified in an
ENTRY declaration to define the data
attributes of a valu~ returned by an entry
variable or an external procedure.
General format:

RECORD and STREAM
RETURNS (attribute ••• )
The RECORD and STREAM attributes specify
the kind of data transmission to be used
for the file.
STREAM indicates that the
data of the file is considered to be a
continuous stream of data i terns, in
character form, to be assigned from the
stream to variables, or from expressions
into the stream. RECORD indicates that the
file consists of a collection of physically
separa-te records, each of which consi sts of
one or more data items in any form.
Each
record is transmitted as an entity to or
from a variable.

It is used in the following manner:
DECLARE identifier
(ENTRY (parameter descriptor list)]
(VARIABLE] RETURNS (attribute ••• );
General rules:
1.

The attributes in the parenthesized
list followinJ the keyword RETURNS
must be separated by blanks (except
for attributes, such as precision,
that are enclosed in parentheses).
They must agree with the attributes
specified either explicitly in the
RETURNS option of the PROCEDURE or
ENTRY statement to which the entry
name is prefixed, or by default.

2.

The attributes specify the data
characteristics of the value returned
when the entry is invoked as a
function.

3.

The only attributes that may be
specified are string or arithmetic
,attributes (including VARYING), or
ALIGNED, UNALIGNED, POINTER, OFFSET,

General format:
RECORD I STREAM
General rules:
1.

A file with the STREAM attribute can
be specified only in the OPEN, CLOSE,
GET, PUT., ON, and assignrrent
s-tatements.

2.

A file with the RECORD attribute can
be specified only in the OPEN, CLOSE,
READ, WRITE, REWRITE, LOCATE_, UNLOCK,
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AREA, FILE" EVENT, TASK, and LABEL.
The OFFSET attribute may include an
area name; under the optimizing
compiler, this must be a non-defined,
unsu.bscript~d, unqualified name, but
tmder the checkout compiler it may be
any area expression other than a
function reference. The LABEL
attribute may incl ude a list of label
constants.
4.

If RETURNS attributes are not
specified with an explicitly declared
entry constant of an external function
procedure, default attributes are
applied according to the entry
constant identifier. Standard default
assumptions are given below.

STREAM
See RECORD.

The TASK attribute describes a variable
that may be used as a task name, to test or
control the relative priority of a task.
General format:
TASK
General rules:

The value returned by a
procedure function reference shoul d
agree with the attributes specified by
RETURNS; if it does not agree, there
is an error since no conversion will
be performed.
Note~

5.

string lengths and area sizes must be
specified by decimal integer
constants. The returned value has the
specified length or size.

1.

An identifier can be explicitly
declared with the TASK attribute in a
DECLARE statement, or it can be
contextually declared by its
appearance in a TASK option of a CALL
statement.

2.

Task variables can also
following attributes:

~ave

the

a.

Dimension

b.

Scope (the default is INTERNAL)

c.

Storage class (the default is
AUTOMATIC)

d.

DEFINED (task variables may only
be defined on other task names)

e.

INITIAL and INITIAL CALL

Assumptions:
If the RETURNS attribute is not
specified for an external entry point, a
RETURNS attribute is assumed specifying
default attributes; the defaults are either
as specified in a DEFAULT statement or are
the standard defaults: REAL FIXED BINARY
(15,0) if the entry constant begins with
any of the letters I through N, otherwise,
REAL FLOAT DECIMAL (6).
3.

A task expression can be used in the
following contexts only:
a.

In the TASK option of a CALL
statement

b.

As an argument of the PRIORITY
pseudovariable or built-in
function

c.

As an argument in a CALL statement
or function reference

d.

As a parameter in a PROCEDURE or
ENTRY statement

e.

In an ALLOCATE or FREE statement

f.

In an assignment statement

g.

In a RETURN statement

STATIC

h.

As the control variable of a DOloop.

See AUTOMATIC.

i.

In a comparison operation.

SEQUENTIAL
See DIRECT.

Size Attribute
See AREA.
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4.

A task variable may be associated with
the priority of a task by including
the task name in the TASK option of a
CALL statement. A task variable is
said to be active if its associated
task is active. A task variable 'must
be in an allocated state when it is
associated with a task and must not be
freed while it is active.
An active
task variable cannot be associated
with another task.

TRANSIENT
See DIRECT.

UNALIGNED
See ALIGNED.

5.

A task variable contains a single
value, a priority value. This value
is a fixed-point binary value of
precision (15,0). This value can be
tested and adjusted by means of the
PRIORITY built-in function and
pseudovariable. The built-in function
returns the priority of the task
argument relative to the priority of
the task executing the function.
Similarly, the pseudovariable permits
assignment, to the named task
variable, of a priority relative to
the priority of the task executing the
assignment.

UNBUFFERED
See BUFFERED.

UPDATE
See INPUT.

6.

Unless the priority of the task
variable is set by means of either the
PRIORITY pseudovariable or the
PRIORITY option of the CALL statement
which invokes the task, its priority
will be undefined.

7.

Task data cannot be converted to any
other data type.

8.

Assignment of task data to an inactive
task variable is permitted. The value
assigned must be the priority of a
task derived from a tas.k expression.

9.
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VARIABLE
The VARIABLE attribute can be used with the
ENTRY, FILE, or LABEL attributes to
establish the name as a variable.
General format:
VARIABLE

VARYING
See BIT.

Section J: Statements

This section presents the PLiI statements
in alphabetical order.
(The preprocessor
statements are alphabetically arranged at
the end of this section.') Most statements
are accompanied by the following
information:
1.

Function -- a short description of the
meaning and use of the statement

2.

General format -- the syntax of the
statemerit

3.

Synta.x rules -- rules of syntax that
are not reflected in the general
fonna.t

4.

GeneI'al rules -- rules governing the
use of the statement and its meaning
in a PL/I program

structure.
3.

"Dimension" indicates a dimension
attribute.
"Attribute" indicates an
AREA, BIT, CHARACTER, or INITIAL
attribute.

4.

A dimension attribute, if present,
must specify the same number of
dimensions as that declared for the
associated identifier.

5.

The attribute BIT may appear only with
a BIT identifier; CHARACTER may appear
only with a CHARACTER identifier; AREA
may only appear with an area
i denti f ier •

6.

A structure element name, other than
the major structure name, may appear
only if the relative structuring of
the entire major structure containing
the element appears as in the DECLARE
statement for that structure.
In this
case, dimension attributes must be
specified for all identifers that are
declared with the dimension attribute.

ALLOCATE
Abbreviation:

ALLOC

The ALLOCATE statement causes storage to be
allocated for specified controlled or based
data.

Syntax rules 7 and 8 apply only to
Option 2:
7.

The based variable appearing in the
ALLOCATE statement may be an element
variable, an array, or a major
structure. When it is a major
structure, only the major structure
name is specified.

8.

The SET option, if present, may appear
preceding or following the IN option.

Gener al forma. t:
ALLOCA'I'E option[ ,option] ••• ;
where

n opt~ion"

has one of two forms:

Option 1
[level] identifier[dimension]
[attribute] •••
Option 2
based-variable-identifier
[SET (element-Iocator-variable)]
[IN(element-area-variable)]

General rules:
Rules 1 through 6 apply only to Option 1:
1.

When Option 1 is used, an ALLOCATE
statement for an identifier for which
storage was allocated and not freed
causes storage for the identifier to
be "pushed down" or stacked. This
pushing down creates a new generation
of data for the identifier. When
storage for this identifier is freed,
using the FREE statement, storage is
"popped up" or removed from the stack.

2.

Bounds for arrays, lengths of strings,
and sizes of areas are fixed at the
execution of an ALLOCATE statement.

Syntax rules:
Syntax rules 1 through 6 apply only to
Option 1:
1.

"Level" indicates a level number. The
identifier appearing after the
keyword ALLOCATE must be.a level 1
ident.ifier.
first~

2.

Each identifier must represent data of
the controlled storage class or be an
element of a controlled major

a.

If a bouna, length, or size is
explicitly specified in an
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ALLOCATE sta tement" it overri des
that given in the DECLARE
statement.
b.

3.

4.

If a bound, length, or size is
specified by an asterisk in an
ALLOCATE statement, the bound,
length or size is taken from the
current generation.
If no
generation of the variable exists,
the bound, length, or size is
undefined and the program is in
error.

c.

Either the ALLOCATE statement or a
DECLARE or DEFAULT statement must
specify any necessary dimension,
size, or length attributes for an
identifier. Any expression taken
from a DECLARE or DEFAULT
statement is evaluated at the
point of allocation using the
conditions enabled at the ALLOCATE
statement, although names in the
expression are interpreted in the
environment of the DECLARE or
DEF~ULT statement.

d.

If, in either an ~LLOCATE or a
DECLARE statement, bounds,
lengths, or sizes are specified by
expressions that contain
references to the variable being
allocated, the expressions are
evaluated using the value of the
most recent generation of the
variable.

Upon allo~ation of an identifier,
ini tial values are assigned to i t if
the identifier has an INITIAL
attribute in either the ALLOCATE
statement or DECLARE statement.
Expressions or a CALL option in the
INITIAL attribute are executed at the
point of allocation, using the
conditions enabled at the ALLOCATE
statement, although the names are
interpreted in the environment of the
declaration.
If an INITIAL attribute
appears in both DECLARE and ALLOCATE
statements, the INITIAL attribute in
the ALLOCATE statement is used. If
initialization involves reference to
the variable being allocated, the
reference will be to the new
generation of the variable.
To determine whether or not storage
has been allocated for an identifier
and how many genera tions exist, the
built-in function ALLOCATION may be
used.

5.

A parameter that is declared
CONTROLLED may be specified in an
ALLOCATE statement.
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6.

Any evaluations performed at the time
the ALLOCATE statement is executed
(e. g., evaluation of expressions in an
INITIAL attribute> must not be
interdependent.

Rules 7 through 12 apply only to Option 2:

7.

When Option 2 is used, storage is not
"pushed down" or stacked. In this
case, reference may be made to any
generation of a based variable through
a locator variable.

8.

The allocation of a based variable
involves the based variable to be
allocated, a locator variable to
identify the new generation, and an
area if the generation is to be
allocated in an area.
If no SET
option is specified, a SET option is
assumed to specify the locator
variable given in the BASED attribute
of the based variable declaration; i t
is an error, in such a case~ if this
BASED attribute does not specify a
locator variable.
If the SET option
specifies an offset variable and no IN
option is present then an IN option is
assumed to specify the area given in
the OFFSET at'tribute of the offset
variable declaration; in such a case,
it is an error if this OFFSET
attribute does not specify an area
variable.

9.

If the SET option specifies an offset
variable, the locator value
identifying the new generation is
assigned to the offset variable; the
IN option must be present, or
asst~ed, and i t must specify either
the same area as that specified in the
OFFSET attribute of the offset
variable declaration, or an area
contained in or containing that area.

be

10.

If no IN option is present and none is
assumed, the new generation is
allocated in storage associated with
the task which executes the ALLOCATE
statement. The SET opt~on in this
case must specify a pointer variable.

11.

If the IN option appears in, or is
assumed for, the ALLOCATE statement,
storage will be allocated in the named
area, for the based variable. If
sufficient storage does not exist
within this area, the AREA condition
will be raised.

12.

The amount of storage allocated for a
based variable depends on its
attributes, and on its dimensions,
length, or size specifications if
these are applicable at the time of
allocation.

r---------------------------------------------------------------------------------------,

I

Option 1 (Element Assignment)

l [, element-variabl eJ

. element-variable
{ pseudovariable

)

=

element-expression;

,pseudovariable

Option 2 (Array Assignment)
array-variable

} [,arraY-Variable

{ pseudovariable

,pseudovariable

J

=

st ruct ure-expre ssi on [, B Y NAME]}
array-expression [,BY NAME]
;
{ element-expression

Option 3 (structure Assignment)

{

structure-variabl~lrstructure-variableJ

••• = {structure-expression [,BY NAME]};

pseudovariable
'~pseudovariable
element-expression
L--------------------___________________________________________________________________
Figure J.1.

General formats of the assignment statement

These attributes are determined from
the declaration of the based variable,
and additional attributes may not be
specified in the ALLOCArE statement.
A based structure may contain
adjustable array bounds or string
lengths or area sizes (see "REFER
Option", in "Storage Control" in Part
I). Note that the asterisk notation
for bounds, length, or size is not
permitted for based variables.

General rules:
1.

Aggregate assignments (Options 2 and
3) are expanded into a series of
element assignments according to rules
5 through 8.

2.

An element assignment is performed as
follows:
a.

Subscripts and locator
qualifications of the target
variables, and the second and
third arguments of SUBSTR
pseudovariable references, are
evaluated first.
(The order of
evaluation of subscripts and
qualifiers is undefined).

b.

The expression on the right-hand
side is then evaluated.

c.

For each target variable (in left
to right order), the expression is
converted to the characteristics
of the target variable according
to rules for data conVersion
(except that whenever a conversion
of arithmetic base is involved,
the value is converted directly to
the precision of the target
variable). The converted value is
then assigned to the target
variable.

d.

The element variable can be a
variable wi th the P ICT{fflE
attribute. The rules for
assignments to picture targets are
described in section D, "Picture
Specification Characters".

ASSignment Statement
rhe assignment statement is used to
evaluate an expression and to assign its
value to one or more target variables; the
target variables may be element, array, or
structure variables. The target variables
can be pseudovariables.
General formats:
The assignment statement has three
general format options. They are given in
figure J .1.
Syntax rules:
1.

2.

J

In Option 2, each target variable must
be an array. If the right-hand side
contains arrays of structures, then
all target variables must be arrays of
structures. The BY NAME option may be
given only when the right-hand side
cont.ains at least one structure.
In Option 3, each target variable must
be a: structure.

3.

The following rules apply to string
element assignment:

Section J:

statements

427

a.

The assignment is performed from
left to right, starting with the
leftmost position.

b.

If the target variable is a fixedlength string, the expression
value is truncated on the right if
it is too long (raising the
STRINGSIZE condition, if enabled)
or padded on the right (with
blanks for character string, zeros
for bit strings) if the value is
too short.
(Note that a strina
pseudovariable is considered to be
a fixed-length string.) The
resulting value is assigned to the
target.

c.

4.

The following rul es apply to other
element assignments:
a.

If the target is an area variable,
the expression must be an area
variable or function.
The AREA
condition will be raised by this
assignment if the size of the
target area is insufficient for
the current extent of the area
being assigned.

b.

If the target is a pointer
variable, the expression can only
be a pointer (or offset) variable
or a pointer (or offset) function
reference. If the expression is
of offset type, its value is
converted to pointer.

c~

If the target is an offset
variable, the expression can only
be an offset (or pointer) variable
or an offset (or pointer) function
reference.
If the expression is
of pointer type, its value is
converted to offset.

d..
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If the target is a VARYING string
and the value of the expression is
longer than the maximum length
declared for the variable, the
value is truncated on the right
(raising the STRINGSIZE condition,
if enabled). The target string
obtains a current length equal to
its maximum length.
If the value
of the expression is not longer
than the maximum length, the value
is assigned; the target string
obtains a current length equal to
the length of the value.

If the target is a label variable"
the expression can only be a label
variable or label constant.
Environmental information (i.e.,
information that identifies the
invocation of the block) is always
assigned to the label variable.
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e.

If the target is an event
variable, the expression can only
be an event variable. The
assignment is uninterruptable, and
it involves both the completion
and status values.
An event
variable does not become active
when it ha,s an active event
variable assigned to it. It is an
error to a.ssign to an active event
variable.

f.

If the target is a STATUS
pseudovariable, a value can be
assigned whether or not the event
variable is active. It is an
er~or to assign to a COMPLETION
pSf>udovariable if the named event
variable is active.

g.

If the tar'get is an entry
variable, the expression can only
be an entry expression.

h.

If the target is a file name
variable, the expression can only
be a file expression.

i.

If the target is a task variable,
the expression can only be a task
variable or a task function
reference. The task variarle
specified must be inactive. The
assignment involves the priority
of the task variable or task
function reference.

5.

The first target variable in an
aggregate assignment is known as the
rna ster variable. If the master
variable is an array, then an array
expansion (Rule 6) is performed:
otherwise, a structure expansion
(Rules 7 and 8) is performed. The
CHECK condition for assignment to a
target variable is raised Cwhen
suitably enabled) after assignment to
each element.
In the case of BY NAME
assignment, the CHECK condition for
the target variable is raised
regardless of whether any value is
assigned to an item. The label prefix
of the original statement is applied
to a null statement preceding the
other generated stateme~ts.

6.

In Option 2. all array operands must
have the same number of dimensions and
identical bounds. The array
assignment is expanded into a loop as
follows.

LABEL: DO jl = LBOUNDCmaster-variable"l) TO
HBOUND(master-variable,l):
DO j2

LBOUNDCmaster-variable,2) TO
HBOUNDCmaster-variable,2):

can be arrays.
DO jn

a.

The first item immediately
contained in the master variable
is considered.

b.

If each structure operand and
target variable has an immediately
contained item with the same
identifier, an assignment
statement is generated as follows:
the statement is derived by
replacing each structure operand
and target variable with its
immediately contained item that
has this identifier. If any
structure contains no such
identifier, no statement is
generated.
If the generated
assignment is a structure or
array-of-structures assignment, BY
NAME is appended. The first
generated assignment is given the
label prefix of the original
assignment statement; all
generated assignment statements
are given the condition prefix of
the original assignment statement.

c.

step b is repeated for each of the
items immediately contained in the
master variable. The assignments
are generated in the order of the
items contained in the master
variable.

d.

Steps a through c may generate
further array and structure
assignments. These are expanded
according to Rules 6 through 8.

LBOUND(master-variable,n) TO
HBOUND(master-variable,n);

generated assignment statement
END LABEL;
In this expansion, n is the number of
dimensions of the master variable that
are to participate in the assignment.
In the generated assignment statement,
all array operands are fully
subscripted, using (from left to
right) the dummy variables j1 to jn.
If an array operand appears with no
subscripts, it will only have the
subscripts j1 to jn; if cross-section
notation is used, the asterisks are
replaced by j1 to jn.
If the original
assignment statement (which may have
been generated by Rule 7 or Rule 8)
has a condition prefix, the generated
assignment statement is given this
condition prefix. If the original
assignment statement (which may have
been generated by Rule 8) has a BY
NAME option, the generated assignment
statement is given a BY NAME option.
If the generated assignment statement
is a, structure assignment, it is
expanded as given below.
1.

In Option 3, where the BY NAME option
is not specified, the following rules
apply:
a.

None of the operands can be
arrays, although they may be
structures that contain arrays.

b. All of the structure operands must
have the same number, k, of
immediately contained items.
c.

The assignment statement (which
may have been generated by Rule 6)
is replaced by ~ generated
assignment statements. The ith
generated assignment statement is
derived from the original
assignment statement by replacing
each structure operand by its ith
contained item; such generated
assignment statements may require
further expansion according to
Rule 6 or Rule 7.
All generated
assignment statements are given
the condition prefix of the
original statement.

The BEGIN staterrent heads and identifies a
begin block.
General format:
BEGIN [ORDERI REORDER];
Syntax rules:
1.

General rules:
1.

8.

In Option 3, where the BY NAME option
is given, the structure assignment,
which may have been generated by Rule
6, is expanded according to steps a
through d below. None of the operands

A label of a BEGIN statement may be
subscripted, but such a label cannot
appear in an END statement.

A BEGIN statement is used in
conjunction with an END statement to
delimit a begin block. A complete
discussion of begin blocks can be
found in chapter 6, "Program
organisation. "
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2.

ORDER and REORDER are optimization
options for use by the optimizing
compiler.
If they are included in a
p.rogram processed by the checkout
compiler, they are checked for syntax
e:t:"rors and then ignored.
Their
presence in such a program is not an
e:t:"ror.

2.

When the TASK option is used, the task
name, if given, is associated with the
task created by the CALL. Reference
to this name enables the priority of
the task to be controlled at some
other point by the use of the PRIORITY
pseudovariable and built-in function.

3.

O:RDER and REORDER specify the extent
to which the block is to be optimized.
In general, ORDER permits optimization
to the degree such that the latest
values of variables set in a block are
guaranteed available in a
computational on-unit entered at any
point during execution of the block.
R~ORDER permits a greater degree of
optimization; with REORDER the latest
values of variables set in the block
are not guaranteed available in an onunit entered during execution·of the
block.
If neither is specified, ORDER
is assumed, but REORDER is inherited
by all contained blocks unless they
explicitly specify ORDER.

3.

When the EVENT option is used, the
event name is associated with the
completion of the task created by t.he
CALL staterrent. Another task can then
wait for completion of this created
task by specifying the event name in a
WAIT statement.
Upon execution of the CALL statement,
the event variable is made active, and
the completion val ue is set to ,f 0" B
and the status value to O.
Upon
termination of the created task, the
completion value is set to 'l'B and,
unless the task has been terminated by
a RETURN or END statement, the status
is set to 1 if still zero.

4.

The CALL statement invokes a procedure and
causes control to be transferred to a
specified entry point of the procedure.

If a CALL statement with the EVENT or
TASK opt ion does not have the PRIORITY
option, the priority of the invoked
task is made equal to that of the task
variable in the TASK option, if there
is a task variable, or else made equal
to the priority of the invoking task.
The programmer must specify a priority
if he uses a task variable, (by means
of either a PRIORITY option on the
CALL staterrent or the PRIORITY builtin function prior to the CALL
statement), otherwise the task will be
of undefined priority.

General format:
CALL {entry-expression I generic-name I
built-in name}
[(argument [, argument]

• • .)]

[TASK [(element-task-name)]] [EVENT
(element-event-name)]
[PRIORITY
(express ion) ] i
Syntax rules:
1.

2.

The entry expression, generic name, or
built-in name represents the entry
pOint of the subroutine invoked.

If the PRIORITY option is used, the
expression in the PRIORITY option i.s
evaluated to an integer ill, of an
implementation-defined precision
(15,0) • The priority of the named
task i~ then made ill relative to the
ta sk in which the CALL is executed.

5.

Expressions in these options, as well
as any argument expressions, are
evaluated in the task in which the
call is executed. This includes
execution of anyon-units entered as
the result of the evaluations.

6.

The environment of the invoked
procedure is established after
evaluation of the expressions named in
Rule 5, and before the procedure is
invoked.

7.

A CALL statement must not be used to
invoke a procedure if control is
returned t.o the invoking procedure by
means of a RETURN (expression)
statement.

The TASK, EVENT, and PRIORITY options
can appear in any order.

General rules:
1..
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The TASK, EVENT, and PRIORITY options"
when used alone or in any combination,
specify that the invoked and invoking
procedures are to be executed
asynchronously. Note that if either
t~he EVENT option or the PRIORITY
option, or both, are used without the
'1~ASK option, the created task will
have no name.
(see chapter 17,
" Multi ta ks i ng " • .>
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8.

9.

The names must be known in the block
in which the CHECK statement is
executed.

See chapter 9, "Subroutines and
Func·tions" for detailed descriptions
of the interaction of arguments with
the parameters that represent these
arguments in the invoked procedure.
If the procedure invoked by the CALL
statement has been specified in a
FETCH or RELEASE statement, and if it
is not present in main storage, the
CALL statement initiates dynamic
loading of the procedure from
auxiliary storage.
The execution of
the invocation is delayed until the
procedure has been loaded.
In this case, the entry expression
must be an entry constant, and it must
be equivalent to both the name by
which the procedure is known in
external storage and a point through
which the procedure may be entered;
and the same constant must have
appeared in a FETCH or RELEASE
statement compiled at the same time as
the CALL statement~
A main procedure
may not be dynamically loaded. A
fetched procedure may not fetch a
further procedure.

The CHECK statement causes the CHECK
condition to be dynamically enabled for
specified or assumed names.

If no names are specified, the CHECK
statement is assumed to apply to every
name known in the external procedure
that contains the CHECK statement,
whether or not these names were known
at the time the CHECK statement was
executed. These names may be known in
other, separately compiled, external
procedures.
General Rules:
1.

Execution of a CHECK statement has the
effect of enabling a CHECK conditionprefix, or of modifying an existing
CHECK condition-prefix, for every
statement that is executed after the
execution of the CHECK statement.
The prefixes thus derived operate in
the same way as ordinary prefixes.
If
the condition is raised, any CHECK onunit established is executed. If
there is no on-unit, the standard
syst.em action f or the C BECK condition
is taken. The situations in which the
CHECK condition is raised are
described in "CHECK Condition", in
sect.ion H, "on-conditions".

2.

The variable can be of any storage
class, or DEFINED, or a parameter.

3.

If the name of a structure or an array
of structures appears in the name
Ii st" this is expanded into a list of
the names of all the elements in the
structure or array of structures, in
the order in which they were declared.
This expanded list appears in the name
list for the derived prefixes.

4.

The information provided by standard
system action for the CHECK condition
for a particular name is:

The PL/I checkout compiler implements
the CHECK statement in this sense, but the
PL/I optimizing compiler implements this
statement by checking the syntax and then
ignoring it.
General format:
CHECK [ (name-list)] ;
syntax rules:
1.

The optional "name-list" is one or
more names separated by commas.

2.

A name must be one of the following:
a.

An unsubscripted variable
representing element, an array or
a structure of any data type. The
variable must not be iSUB-defined
or locator qualified.

b.

A label constant.

c.

An entry constant.

If a name-list is specified, the CHECK
statement applies to those names only.

The statement number of the
statement in which the references
to the name occurs.

b.

Information simi lar to that put
out by a PUT DATA statement for
the particular type of variable.

If the name is the name of an array,
the information includes the
subscripted name of the element to
which a new value is being assigned.
5.

3.

a.

If the name is an entry name, this can
be specified as an entry constant or
an entry variable, whether i t appears
in a function reference, a CALL
statement, or an INITIAL CALL
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attribute.
If the reference is to an
entry variable, the in formation
provided by standard system action
includes the name of the entry
constant associated wi th the
particular invocation of the entry
variable.
6.

A CHECK statement remains effective
unti 1:
Ct.

The program terminates, or

b.

An appropriate NOCHECK statement

is executed.

DECLARE
Abbreviation:

DCL

The DECLARE statement is the principal
method for explicitly declaring attributes
of names.
General format:
DECLARE
[level] identifier[attribute] •••
[SYSTEM]
[, [level] identifier(attribute] •••
[SYSTEM]l ••• ;
Syntax rules:

The CLOSE statement dissociates the named
file from the data set with which i t was
associated by opening in the current task.

1.

Any number of identifiers may be
declared in one DECLARE statement.

2.

"Level" is a nonzero unsigned decimal
integer constant.
If a level number
is not specified, level 1 is assumed
for all element and array variables.
Level 1 must be specified for all
major structure names.
A blank space
must separate a level number from the
identifier following it.

3.

Attributes specified in DECLARE
statements are separated by blanks~
Except for the dimension, length, and
precision attribute specifications"
they may appear in any order. The
dimension attribute specification must
immediately follow the array name; the
length and precision attribute
specifications must follow one of
their associated attributes. A comma
must follow the last attribute
specification for a particular name
(or the name itself if no attributes
are specified with it), unless it is
the last name in the DECLARE
statement, in which case the semicolon
is used.

4.

"SYSTEM" specifies that the standard
default attributes are to be a~plied
to the associated identifier;
attributes are not taken from DEFAULT
statements. "SYSTEM" may appear
before, after, or between the other
attributes.

General format:
CLOSE FILE(file-expr )
[ENVIRONMENT({LEAVEIREREAD})]
[,FILE(file-expr )
[ENVIRONMENT({LEAVEIREREAD})]] ••• ;
General rules:

1.

The FILE (file-expression) option
specifies which file is to be closed.
It must appear once.
Several files
can be closed by one CLOSE statement.
~rhere must be a FILE option for each
one.

2.

A closed file can be reopened.

3.

Closing an unopened file, or an
already closed file, has no effect.

4.

'rhe CLOSE statement cannot be used to
close a file in a task different from
the one that opened the file.
If a
file is not closed by a CLOSE
statement, it is automatically closed
at the completion of the task in which
i t was opened.

6.

7.

All input/output events associated
with the file that have a status value
of zero when the file is closed are
:set complete, with a status val ue of
1.

A CLOSE statement unlocks all records
in the file previously locked in the
task in which the CLOSE appears.

8.
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'rhe ENVIRONMENT attribute with either
-the REJ~.EAD or LEAVE options can be
qiven.
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Factoring of Attributes
Attributes co~non to several names can
be factored in a declaration to eliminate
repeated specification of the same
attribute for many identifiers. Factoring
is achieved by enclosing the names in
parentheses, and following this by the set
of attributes which apply. All factored
attributes must apply to all of the names.
No factored attribute can be overridden for

any of the names, but any name within the
list may be given other attributes so long
as there is no conflict with the factored
attributes.
Factoring of attributes is
permitted only in the DECLARE and DEFAULT
statement, but not within an ENTRY
attribute declaration. The dimension
attribute may be factored. The precision
and length attributes can be factored only
in conjunction with an associated keyword
attribute. Factoring can be nested as
shown in the fourth example below.
Names within the parenthesized list are
separated by commas.
Note: s·tructure level numbers can also be
factored, but a factored level number must
precede the parenthesized list.

DEFAULT
Abbreviation:

DFT

The DEFAULT statement allows the
programmer to specify the default
attributes to be applied to designated
identifiers that require implicit
declaration of some or all of their
attributes. The DEFAULT statement can
specify default attributes for:
1.

Explicitly declared identifiers

2.

contextually declared identifiers

3.

Attributes to be included in parameter
descriptors

4.

Implicitly declared identifiers and
values returned from function
procedures

DEOLARE (A,B,C,D) BINARY FIXED (31);
General format:
DECLARE (E DECIMAL(6,S),
F CHARACTER(10»

General Rules:
STATIC;
1.

Any attributes not appl ied according
to DEFAULT statement rules for any
partially complete explicit or
contextual declarations, and for
implicit declarations, are supplied
according to standard default rules.

2.

There may be more than one DEFAULT
statement within a block. The scope
of a DEFAULT statement is the block in
Which it occurs, and all blocks within
that block which neither include
another DEFAULT statement with the
same range, nor are contained in a
block having a DEFAULT statement with
the same range.

DECLARE 1 A, 2(B"C.,D) (3,2) BINARY
FIXED ( 15), ...;
DECLARE «A,B) FIXED(10), C FLOAT(S»
EXTERNAL;
General rules:
1.

2.

3.

See figure J. 2.

A particular level 1 identifier can be
specified in only one DECLARE
statement within a particular block.
All attributes given explicitly for
that identifier must be declared
together in that DECLARE statement.
(Note, however, that identifiers
having the FILE attribute may be given
attributes in an OPEN statement as
well. See "The OPEN Statement" in
thiB section and chapter 10, "Input
and Output" for further information.)

Attributes of external names, in
separate blocks and compilations, must
be consistent (except that an INITIAL
attribute given in one declaration
need not be repeated).

Labels may be prefixed to DECLARE
statements. However, a branch to such
a label is treated as a branch to a
null statement. Condition prefixes
cannot be attached to a DECLARE
statement.

It is possible for a containing block
to have a DEFAULT statement with a
range that is partly covered by the
range of a DEFAULT statement in a
contained block. In such a case, the
range of the DEFAULT statement in the
containing block is reduced by the
range of the DEFAULT statement in the
contained block.
For example:
P:
L1:

PROCEDURE;
DEFAULT RANGE (XY) FIXED;

Q:
L2:

BEGIN;
DEFAULT RANGE (XYZ) FLOAT;
END Pi

The range and scope of DEFAULT
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r-----------------~---------------------------------------------------------------------,

DEFAULT {simple-specificationlfactored-specification}
[,{simple-specificationlfactored-specification}] •••
"simple-specification" is
RANGE ({identifier I letter: letter}
[,(identifierlletter:letter}] ••• )
[attribute-specification]
RANGEe*)

[attribute-specification]

DESCRIPTORS [attribute-specification]
"factored-specification" is
({simple-specification I factored-specification}
[,(simple-specificationlfactored-specificationl] ••• )
[attribute-specification]
"attribute-specification" is
attribute...

[VALUEevalue-specification)]

L--------_________________________ -----------------------_______________________________
VALUE~value-specification)

Figure J.2.

J

General formats of the DEFAULT statement

statement Ll is all identifiers in the
procedure P beginning with the
characters XY, together with all
identifiers in begin block Q beginning
with the characters XY, except for
those beginning with the characters
XYZ. The range and scope of the
DEFAULT statement L2 is all the
identifiers in begin block Q beginning
with characters XYZ.

The base and scale attributes may be
factored, if, when expanded, the above
format is used.
The size of ru~EA data, or length of
BIT or CHARACTER data, can be an
expression or a decimal integer
constant, or can be specified as an
asterisk.
Example:

3.

VALUE evalue-specification) may appear
anywhere within an attribute
specification, except before an array
dimension attribute.

DEFAULT RANGE(A:C)
VALUE (FIXED DECIMALelO),
FLOAT DECIMAL(14),
AREA(2000»~

4.

5.

V.ALUE establishes any default rul es
for a string length, area size, and
precision. The base and scale
attributes in the value specification
must be present to identify a
particular precision specification
with a particular attribute.
A value specification is a list of one
or more of the following in any order;
a.

AREA (size)

b.

BIT (length)

c.

CHARACTER (length)

d.

{base-attribute scale-attribute I
scale- attribute base- attributel
(precision[,scale factor])

DECLARE B FIXED DECIMAL, C FLOAT
DECIMAL,
A AREA~
These statements are equivalent to:
DECLARE B FIXED DECIMALelO), C FLOAT
DECIMAL(14), A AREA(2000)~
6.

RANGE designates the particular
identifiers to which the attributes
specified in a DEFAULT statement
apply.
a.

434

OS PLII CKT AND OPT LRM PART II

The form of RANGECidentifier) is
used when the default rules are to
apply
those identifiers which
contain the letters indicated in
"identifier" as their first and
subsequent letters. For example:

to

RANGE (ABC)

letter A, and FLOAT BINARY for those
with the initial letter B.

applies to these identifiers:
9.
ABC
ABCD
ABCD •••• etc.
but not to:
ABD
ACB
AB

Rules for Attributes in a DEFAULT
Statement:

A

1.

The file attributes (excluding FILE),
and the attributes ENTRY, ENVIRONMENT,
RETURNS, LIKE, and VARIABLE are not
permitted in an attribute
specification. If FILE is used, it
implies a scope attribute of INTERNAL
and the attribute VARIABLE.

2.

It is not possible to use the DEFAULT
statement to create a structure.
Structure elements are given Qefault
attributes according to the identifier
of the element, not the qualified
structure element name.

3.

The following attributes are allowed
in an attribute specification only if
the restriction given below for each
is observed.

hence a single letter in the RANGE
specification applies to all
identifiers which start with that
letter.
b.

l\n alternati ve specification of
Iu\NGE is the form "letter:letter"
This is used to specify that
identifiers with initial letters
which either correspond to the two
letters specified, or to any
letters between the two in
alphabetic sequence, are subject
to the default attributes
specified for a particular range.
~rhe letters gi ven in the
specification must be in
increasing alphabetic order, for
example:

AREA - without a size specification
BIT - without a string length
specification
CHARACTER - without a string length
specification
LABEL - without a label list
Arithmetic base and scale attritutes without precision specifications

RAN GE ( A : G, I : M" T: Z)
c.

1.

8.

RANGE(*) specifies all identifiers
in the scope of the DEFAULT
statement.

DESCRIPTORS specifies that the
associated attributes are to be
included in any parameter descriptors
in a parameter descriptor list of an
explicit entry declaration, provided
that the inclusion of any such
attributes is not prohibited by the
presence of alternative attributes of
the same class and provided that at .
least one attribute is already
present.
From the second provision it
follows that the DESCRIPTORS default
attributes are not applied to
parameters having null descriptors.,
that is, parameters whose attributes
match those of the corresponding
argUInent.
Factored-default-specification:
form is used as follows:

Labels may be prefixed to DEFAULr
statements. However, a branch to such
a label is treated as a branch to a
null statement. Condition prefixes
cannot be attached to a DEFAULT
statement.

4.

The CONTROLLED attribute cannot be
applied to a parameter or parameter
descriptor. For any identifier that
is a parameter name, a specification
of CONTROLlED as a default attribue
will be ignored, and the attribute
will be ignored if it appears in a
DESCRIPTORS attribute specification.

S.

The dimensions of an array are
permitted as attributes, but only as
the first item in an attribute
specification. The bounds may be
specified as a arithmetic constant or
an expression involving variables.
For example:
DEFAULT RANGE (J)
DEFAULT RANGE (J)

this

DEFAULT (RANGE(A)FIXED, RANGE(B)
FLOAT)BINARYi

(S) i
(S,S) FIXED:

but not
DEFAULT RANGE (J) FIXED (S):

This statement establishes default
attributes FIXED BINARY for implicitly
declared identifiers with the initial

6.

The INITIAL attribute may be
specified.
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key-sequenced VSAM).
The D1~LAY statement causes the execution of
a task to be suspended for a specified
period of time.
General format:
DELAY (element-expression);
General rules:
1.

Execution of the DELAY statement
causes the element expression to be
evaluated and converted to an integer
!l; execution is tben suspe nded for !!
milliseconds. The value is recorded
·to 1/50th or 1/60th second, depending
on whether the frequency of the
electrical supply to the machine is 50
or 60 hertz (cycles per second).

2.

If no timing facility is available,
DELAY acts as a null statement.

5.

The EVENT option allows processing to
continue wtile a record is being
deleted.
When control reaches a DELETE
statement containing this option, the
"event variable" is made active (that
is, it cannot be associated with
another event) and is given the
completion value "O'B, provided that
the UNDEFINEDFILE condition is not
raised by an implicit file opening
(see "Note" below).
The event
variable remains active and retains
its 'a'B completion value until
control reaches a WAIT statement
specifying that event variable. At
this time, either of the following can
occur:
a.

If the DELETE statement has been
executed successfully and neither
of the conditions TRANSMIT or KEY
has been raised as a result of the
DELETE, the event variable is set
complete, given the completion
value '1" B, and the event variable
is made inactive, that is, can be
associated with another event.

b.

If the DELETE statement has
resulted in the raising of
TRANSMI'+ or KEY, the interrupt for
each of these conditions does not
occur until the WAIT is
encountered. At such time, the
corresponding on-units (if any)
are entered in the order in which
the conditions were raised. After
a return from the final on-unit,
or if one of the on-units is
terminated by a GO TO statement,
the event variable is given the
completion val ue'l 'B and is made
inactive,.

Example:
DELAY (20);
This statement causes execution of the
task to be suspended for 20 milliseconds or
17 milliseconds (approximately), depending
on whether the supply is 50 or 60 hertz.

The DELETE statement deletes a record from
an UPDATE file.
General format:
DELETE FILE (file-expr}
[KEY(expression)]
[EVENT (event-variable)] ;
General rules:
1.

'rhe options may appear in any order.

2.

The FILE option specifies the UPDATE
file; it must be specified.

3.

The KEY option must be specified if
·the file is a DIRECT UPDATE file.
It
can be specified for a SEQUENTIAL
UPDATE file with INDEXED (or k~y
sequenced VSAM) organization. The
expression is converted to a character
string and determines which record is
-to be deleted.

4.

If the file is a
file, the record
last record that
set organization
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Note:
If the DELETE statement causes
an implicit file opening that results
in the raising of UNDEFlNEDFILE, the
on-unit associated with this condition
is entered immediately and the event
variable remains unchanged; that is,
the event variabl e rema ins inacti ve
and retains the same value it had when
the DELETE was encountered. If the
on-unit does not correct the
condition, then, upon normal return
from the on-unit, the ERROR condition
is raised; if the condition is
corrected in theon-unit. that is, if
the file is opened successfully, then,
upon normal return from the on-unit,
the event variable is set to 'O'B" i t
is made active, and execution of the
DELETE statement continues.

6.

The DELETE statement unlocks a record
only if that record had been locked in
the same task in which the DELETE
appears.

1.

The DELETE statement can cause
implicit opening of a file.

The completion part of the event
variable will be given the value 'O'B
until the reply is completed, when i t
will be given the value 'l'B. The
reply is considered complete only
after the execution of a WAIT
statement naming the event. Another
DISPLAY statement must not be executed
until the previous reply is complete.

Example:
DELE:TE FI LE (ALPHA) KEY (DKEY ) ;
This statement causes the record
identified by DKEY to be deleted from the
data set associated with the file ALPHA.
If the record was previously locked in the
same task, it is unlocked.

Example:
DISPLAY ('END OF JOB');
This statement causes the message "END
OF JOB" to be displayed.

DISPLAY
The DISPLAY statement causes a message to
be displa.yed to the machine operator. A
response may be requested.

The DO statement heads a do-group and can
also be used to specify repetitive
execution of the statements within the
group.

General format:

General formats:

Option 1.

The three format types for the DO
statement are shown in Figure J-3.

DISPLAY (element-expression):
Syntax rules:
Option 2.
1.

In all three types, the DO statement
is used in conjunction with the END
statement to delimit a do-group. Only
Type 1 does not provide for the
repetitive execution of the statements
within the group.

2.

In Type 3, the variable or
pseudovariable must represent a single
element; "variable" may be subscripted
and/or qualified.
(The following
pseudovariables may not be used under
the optimizing compiler: COMPLETION,
COMPLEX, PRIORITY, STRING.) Real
arithmetic variables are generally
used, but all variable types are
allowed, provided that the expansions
given in the general rules below
result in valid PL/I programs. Note
that if "variable" is a programcontrol variable, the BY and TO
options cannot be used in
"specification" •

3.

Each expression in a specification
must be an element expression.

4.

If "BY expression3" is omitted from a
"specification," and if "TO
expression2" is included,
"expression3" is assumed to be 1.

5.

If "TO expression2" is omitted from a
"specification," repetitive execution
continues until i t is terminated by

DISPLAY (element-expression)
REPLY (charactervariablelpseudovariable)
(EVENT (event-variable)]:
General rules:
1.

Execution of the DISPLAY statement
causes the element expression to be
evaluated and, where necessary,
converted to a varying character
string of implementation-defined
maximum length (126 characters ).
This character string is the message
to be displayed.

2.

In Option 2, the character variable or
pseudovariable receives a string that
is a message to be supplied by the
operator. The STRING pseudovariable
must not be used. The message cannot
exceed 126 characters.

3.

In Option 2, if the EVENT option is
not specified, execution of the
program is suspended until the
opez'ator's message is received. In
option 1, execution continues
uninterrupted.

4.

If the EVEN!' (event-variable) option
is given, execution will not wait for
the reply to be completed before
continuing with subsequent statements.
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r---------------------------------------------------------------------------------------,
Type 1. DO;
Type 2.

DO WHILE (element-expression);

Type 3.

DO

pseudovariable }
{ variable

=specifi cation [, specification] • .,. ;

where "specification" has the form:
.'
,,'[TO expression2 [BY ex p reSSiOn3]]
express10nl
BY expression3 [TO expression2]

[WHILECexpression4)]

L-----------------------------------------------------__________________________________
Figure J.3.

General formats of the DO statement
LABEL:

the WHILE clause or some statement
causes control to pass out of the
group.

6.

If both "TO expression2" and "BY
expression3" are ami tted from a
specification, i t implies a single
execution of the group, with the
control variable having the value of
"expressionl".
If "WHILE expression4"
is included, this single execution
will not take place unless
"expression4" is true.

NEXT:

3.
General rules:
1.

In Type 1, the DO statement only
delimits the start of a do-group; it
does not provide for repetitive
execution.

2.

In Type 2, the DO statement delimits
the start of a do-group and provides
for repetitive execution as defined by
the following:
LABEL:

NEXT:

IF (expression) THEN; ELSE
GO TO NEXT;
statement-l

statement-n
GO TO LABEL;
statement /*STATEMENT
FOLLOWING THE DO GROUP*/

In Type 3, the
the start of a
for controlled
defined by the

LABEL:

DO statement delimits
do-group and provides
repetitive execution as
following:

DO,-variable=
expression 1
TO expression2
BY expression3
WHILE (expression4);
statement-1

DO WHILE (expression);
statement-l

statement-n
END;
statement /*sTATEMENT
FOLLOWING THE DO GROUP*/

The above is exactly equivalent to the
following expansion:
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statement-m
LABELl: END;
NEXT:
statement

For a variable that is not a
pseudovariable, this is exactly
equivalent to the following expansion:

LABEL:

p=ADDR(variable);
e1=expression1;
.' , ;
e 2=expression2;
e3=expression3;
v=e1;
LABEL2: IF (e3>=0)&(v>e2)I
(e3<0) & (v<e2)
THEN GO TO NEXT;
IF (expression4) THEN;
ELSE GO TO NEXT;
statement-1

are not actually duplicated in the
program.

statement-m
LABELl: v=v+e3;
GO TO LABEL2;
statement
NEXT:

If the WHILE clause is omitted,
the IF statement imrr,ediately
preceding statement-1 in the
expansion is omitted.

c.

If "TO expression2" is omitted,
the statement "e2=expression2" and
the IF statement identified by
LABEL2 are omitted.

d.

If both "TO expression2" and "BY
expression3" are omitted, all
statements involving e2 and e3, as
well as the statement GO TO
LABEL2, are omitted.

4.

The WHILE clause in Types 2 and 3
specifies that before each repetition
of statement execution, the associated
element expression is evaluated, and,
if necessary, converted to a bit
string.
If any bit in the resulting
string is 1, the statements of the dogroup are executed.
If all bits are
0, then, for Type 2, execution of the
do-group is terminated., while for Type
3, only the execution associated with
the "specification" containing the
WHILE clause is terminated; repetitive
execution for the next
"specification," if one exists, then
begins.

5.

v=e5;
LABEL3: IF ••• THEN GO TO NEXT1;
IF (expressionS) THEN;
ELSE GO TO NEXT1;
statement-1

In a "specification," "expression1"
represents the initial value of the
control variable (i.e., "variable" or
"pseudovariable"); "expression3"
represents the increment to be added
to the control variable after each
execution of the statements in the
group; expression2 represents the
terminating value of the control
variable. Execution of the statements
in a do-group terminates for a
"specification" as soon as the value
of the control variable, when tested
at the end of the loop, is outside the
range defined by "expression1 "and
"expression2." When execution for the
last "specification" is terminat~d,
control, in general, passes to the
statement following the do-grou~.

6.

statement-m
LABEL4: v=v+e 7 ;
GO TO LABEL3;
statement
NEXT1:

control may transfer into a do-group
from outside the do-group only if the
do-group is delimited by the DO
statement in Type 1; that is, only if
repetitive execution is not specified.
consequently, repetitive do-groups
cannot contain ENTRY statements.

7.

The generation of a control variable
that is either pointer-qualified or
controlled is established outside the
loop, immediately before the initial

In the above expansion" p is a
compiler-created pointer; v is a
compiler-created based-variable based
on p and with the same attributes as
"variable".
"e1," " e2," and "e3" are
compiler-created variables having the
attributes of "expression1,"
"expression2," and "expression3,"
respectively. Note that the
generation of the control variable is
established once outside the loop,
immediately before the initial value
expression (expression1) is evaluated.
Additional rules for the above
expansion follow:
a.

b.

The above expansion only shows the
result of one "specification." If
the DO statement contains more
than one "specification," the
statement labeled NEXT is the
first statement in the expansion
for the next "specification." The
second expansion is analogous to
the first expansion in every
respect. Thus, if a second
"specification" appeared in the DO
statement, the second expansion
would look like this:
NEXT

e5=expression5;

Note that statements 1 through ill
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value expression (expression1) ~s
e'\7aluated.
If the control variable
generation is changed in the loop by
either changing its pointer or by
allocating it, the loop is continued
with the control variable derived from
the previous generation.
However any
r,eference to the contr.)l variable
inside the loop is a reference to the
subsequent generation.
It is an error
to free the generation.
8.

General format:
entry-constant:
[entry-constant: ] •••
ENTRY [(parameter (,parameter] ••• )]
[RETURNS (attribute list)]
[IRREDUCIBLEIREDUCIBLE]
[OPTIONS(option-list)];
Syntax rules:
1.

The only attributes in the attribute
list of the RETURNS option that may be
specified with an ENTRY statement are
the arithmetic, string, ALIGNED,
UNALIGNED, POINTER, OFFSET, AREA,
FILE. EVENT, LABEL, and TASK
attributes. Strings can be given the
VARYING attribute. The OFFSET
attribute may include an area name;
under the optimizing compiler, this
must be a non-defined, unsubscripted,
unqualified name. The LABEL attribute
may include a list of label constants.
An area size or string length must be
specified by a decimal integer
constant.

2.

A condition prefix cannot be specified
for an ENTRY statement.

3.

The options RETURNS, REDUCIBLE (or
IRREDUCIBLE), and OPTIONS can appear
in any order.

4.

The options REDUCIBLE and IRREDUCIBLE
are for optimization.
If they are to
appear in a program processed ty the
checkout compiler, they are checked
for syntax errors and ignored; their
presence in such a program is not an
error.

5.

The noptions-list n of the OPTIONS
option specifies one or more
additional implementation-defined
options. These are:

Under the optimizing compiler the
maximum permissible depth of nesting
is 49. There is no limit under the
checkout compiler.

The END statement terminates blocks and
groups.
General format:
END [identifier];
Syntax rules:
The nidentifier n is a label or entry
constan t; it cannot be subscripted.
General rules:
1.

2.

3.

If a label follows END, the statement
terminates the unterminated group or
block headed by the nearest preceding
DO, BEGIN, or PROCEDURE statement
having that label. It also terminates
any unterminated groups or blocks
physically within that group or block.
If a label does not follow END, the
statement terminates that group or
block headed by the nearest preceding
DO, BEGIN, or PROCEDURE statement for
which there is no corresponding END
statement.
If control reaches an END statement
for a procedure, i t is treated as a
RETURN statement.

The ENTRY statement specifies a secondary
entry pOint of a procedure.
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{COBOL I FORTRAN}
[NOMAP
[ (argument-list)]]
[NOMAPIN [(argument-list)]]
[NOMAPOUT [(argument-list)]]
The options are separated by blanks,
and can appear in any order.
The nargument-listn is a list of the
names of the parameters to which the
option applies. Not more than sixtyfour parameters can be specified in an
argument list; they can appear in any
order, and are separated by commas or
blanks.
If there is no argument list,
the option is assumed to apply to all
the parameters associated with the
entry name.
NOMAP, NOMAPIN, and NOMAPOUT can all

appear in the same OPTIONS
specification. This specification
should not include the same parameter
in more than one specified or assumed
argument list.
The use of these options is described
in chapter 19, "Interlanguage
Communication Facilities".

do-group that specifies repetitive
execution.
5.

When an ENTRY statement is encountered
in normal sequential flow, control
passes around it.

6.

IRREDUCIBLE and REDUCIBLE are
optimization options that can only be
specified for function procedures.
REDUCIBLE specifies that if the entry
name appears with an argument list
that is identical to an argument list
used in an earlier invocation, the
function will not necessarily be
reinvoked and the result of the
earlier evaluation may be used.
IRREDUCIBLE specifies that this type
of optimization is not permitted.
Optimization within a function
procedure is not affected by either
attribute. If neither option is
specified, IRREDUCIBLE is assumed.

1.

The meaning of the options in the
OPTIONS option is:

General rules:

1.

The relationship established between
the parameters of a secondary entry
point and the arguments passed to that
entry point is exactly the same as
that established for primary entry
point parameters and arguments.
See
chapter 9, "Subroutines and
Functions", for a complete discussion
of this sUbject.

2.

As stated in syntax rule 1, the
a ttr:tbutes specified with an ENTRY
statement determine the
characteristics of the value returned
b¥ the procedure when it is invoked as
a function at this entry point. The
value being returned by the procedure
(i.e., the value of the expression in
a RE~r.URN statement) is converted;, if
necessary, to correspond to the
specified attributes. If the
attributes are not specified at the
entry point, default attributes are
applied, according to the first letter
of the entry name used to invoke the
entry point.

3.

If an ENTRY statement has more than
one name, each name is interpreted as
thouqh it were a single entry name for
a separate ENTRY statement having the
same parameter list and explicit
attribute specification. For example,
consider the statement:
A:

I:

ENTRY;

COBOL: The PL/I procedure is to be
invoked at this entry point b¥
only a COBOL subprogram.
FORTRAN: The PL/I procedure is to be
invoked at this entry point by
only a FORTRAN subroutine or
function.
NOMAP, NOMAPIN, NOMAPOUT: These
options prevent the automatic
manipulation of data aggregates at
the interface between either COBOL
or FORTRAN and PL/I.
Each option argument-list can
specify the parameters to which
the option applies.
If there is
no argument-list for an option,
that option is assurred to apply to
all the parameters associated with
the invocation of the entry name.

This statement is effectively the same
as:

4.

A:

ENTRY;

I:

ENTRY;

Since the attributes of the returned
value are not explicitly stated, the
characteristics of the value returned
by the procedure will depend on
whether the entry pOint has been
invoked as A or I.

The EXIT statement causes imrrediate
termination of the task that contains the
statement and all tasks attached by this
task.
If the EXIT statement is executed in
a major task, i t is equivalent to a STOP
statement.

The ENTRY statement must be internal
to the procedure for which it defines
a secondary entry point.
It may not
be internal to any block contained in
this procedure; nor may it be within a

General format:
EXIT;
General rule:
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If executed in a major task, EXIT causes
the FINISH condition to be raised in that
task. On normal return from the FINISH onunit, the task executing the statement, and
all of its descendant tasks are terminated.
The completion values of the event
variables associated wi th these tasks are
set to 'l'B, and their status values to 1
(unless they are already non-zero).

PL/I optimizing compiler implements this
statement by checking the syntax and then
ignoring it.
General format:
FLOW;
General rules:
1.

The FETCH statement indicates to the
compiler that the procedures identified by
the entry constants are resident on
auxiliary storage and will need to be
copied into main storage if they are to be
execu·ted. The FETCH statement, when
executed, causes a test to be made in main
storage for the named procedures. Any
procedures found not to be already in main
storage are loaded from auxiliary storage.
A similar test and loading is performed
whenever a procedure named in a FETCH
statement is invoked by a CALL statement,
by a CALL option of an INITIAL attribute,
or by a function reference, before an
attempt is made to execute that procedure.
COBOL and FORTRAN routines cannot be
fetched.

A flow comment consists of:

'rhe entry constant in the FETCH
statement must be the same as the one
used in the corresponding CALL
statement, CALL option, or function
reference.

3.
4.

b.

The nurrber of the statement to
which control is transferred

The flow comment is written only when
the transfer of control is to a point
within the task that contains the FLOW
statement. If control passes to a
point outside this task, (because the
task terminates), no further flow
comments are written.

3.

The statement that causes a flew
comment to be written is a transfer
statement; the statement to which
control is transferred is a
destination statement. A summary of
the transfer statements and their
destination statements js given be,low,
in figure J.4.

4.

The FLOW statement remains effecti ve
unti 1:

General rules:

2.

The number of the statement that
causes the transfer of control

2.

:FETCH entry-constant
[,entry-constantl ••• ;

The entry-constant must be a name by
which the procedure to be fetched is
known to the operating system.

a.

A flow comment is written after
control is transferred, but before
execution of the targ~t statement is
commenced.

General format:

1.

When a FLOW statement has been
executed" the execution (in the same
task) of a subsequent statement that
causes a transfer of control results
in a flow comment being written on the
SYSPRINT file.

a.

The program terminates, or

further procedures.

b.

The task terminates, or

.A FETCH statement will not overlap
li'li th other statements.

c.

A NOFLOW statement is executed
later in the same task.

A fetched procedure may not fetch any

FORMAT
The F:LOW statement ca uses information about
the transfer of control within a task to Le
written on the SYSPRINT file.
The PL/I checkout compiler implements
the FLOW statement in this sense, but the
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The FORMAT statement specifies a format
list that can be used by edit-directed
transmission statements to control the
format of the data being transmitted.
General format:

r--------··---------------~--------------------------------------------------------------,
']~ransfer

statement

I

Destination Statement

---------.-------------------~---------------------~-------.--------~--------------.----

GO TO

istatement prefixed by GO TO label

CALL

IPROCEDURE or ENTRY statement in the invoked

I procedure

END or RETURN statement in a procedure
invoked by a CALL statement

I CALL statement
I

END or RETURN statement that terminates
a procedure invoked by the INITIAL CALL
attribut:e

ISTATIC or AUTOMATIC variable: PROCEDURE or
IBEGIN statement of the block that contains
Ithe DECLARE statement
IBASED or CONTROLLED variable: ALLOCATE
Istatement that specifies the variable

Statement that contains a function
reference

IPROCEDURE or ENTRY statement in the
linvoked procedure

---------.----------~------------.----------------~--------~---------------~------------

RETURN statement in a procedure invoked
as a function reference

Istatement containing the function reference
I

END stat:ement of an iterative do-group

IMatching DO statement, even if there are no
Imore iterations to be performed

Iterative DO statement, either when the
statement list has been executed in full,
or when the statement list is not to be
executed

IStatement that follows the matching END
I statement
I
I

END sta1:ement that terminates an
on-unit u or a single statement (except
GO TO or CALL) that is an on-unit

IStatement to which the on-unit returns
Icontrol normally

I

Statement (including SIGNAL) that resultslFirst, or only, statement of the on-unit
in an interrupt for which there is an
I
on-unit
I

L-------------_________________________________
Figure J.t,.

~--------------------------------------

supplied by a FORMAT statement
identified by the statement label
specified with R.

Syntax rules:

2.

The "format list" must be specified
according to the rules governing
format list specifications with editdirected transmission as described in
chap·ter 10., "Input and Output".
At least one "label" must be specified
for a FORMAT statement. One of the
labels (or a label variable or a
function reference representing the
value of one of the labels) is the
statement label designator appearing
in a remote format item.

2.

The remote format item and the FORMAT
statement must be internal to the same
block.

3.

If a condition prefix is associated
with a FORMAT statement, it must be
identical to the condition prefix
associated with the GET or PUT
statement referring to that FORMAT
statement.

4.

When a FORMAT statement is encountered
in normal sequential flow, control
passes around it, and the CHECK
condition will not be raised for a
statement label attached to it.

5.

It is an error to attempt to transfer
control to a FORMAT statement ty means
of a GO TO statement.

Gener al rules:
1.

J

Transfer and destination statements

label: [label:] ••• FORMAr (format-list);

1.

__

A GE'r or PUT statement may include a
remote format item, R, in the format
list of an edit-directed data
specification. That portion of the
format list represented by R must be
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The FREE statement causes the storage
allocated for specified based or controlled
variables to be freed.
For controlled
variables, the next most recent allocation
in the task is made available, and
sUbsequent references in the task to the
identifier refer to that allocation.

freed, if applicable. The user is
responsible for determining that this
amount coincides with the amount
allocated. If the variable has not
been allocated, the results are
unpredictable.
5.

A based variable can be used to free
storage only if that storage has been
allocated for a based variable having
identica 1 data attributes.

6.

The IN option must be specified or
implied, if the storage to be freed
was allocated in an area.. The option
is implied if the based variable is
qualified by an offset declared with
an associated area. The IN option
cannot appear if the based variable
was not allocated in an area. Note
that area assignment causes allocation
of based storage in the target area;
such allocations can be freed by the
IN option narning the target area.

General format:
FREE option[,option] ••• ;
where "option" has one of two forms:
Op"tion 1
identifier
Op"tion 2
[locator-qualifier ->]
bas ed-variable-identi fier
[INCelement-area-variable)]
Syntax rules:
1.

2.

3.

In Option 1, the "identifier" is a
level-one, unsubscripted variable of
the controlled storage class.
In Option 2, the "based-variableidentifier" must be an unsubscripted,
level-one based variable.

The GET statement is a STREAM transmission
statement that can be used in either of the
following ways:
1.

It can cause the assignment of data
from an external source (that is, from
a data set) to one or more internal
receiving fields (that is, to one or
more variables).

2.

It can cause the assignment of data
from an internal source (that is, from
a character-string variable) to one or
more internal receiving fields (that
is, to one or more variables).

It is permissible to use both types of
option in one statement.

General rules:
1.

controlled storage, and based storage
not in a n area, tha t has bee n
allocated in a task cannot be freed by
a.ny other task.

2.

If a specified nonbased identifier has
no allocated storage at the time the
l~REE statement is executed, i t is a
no-operation.

General format:
GET option-list;
Following is the format of "option
list" :

Rules 3 through 6 apply only to option 2.
3.

4.
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If the based variable is not
E~xplic"itly qualified by locator
qualification, the locator declared
with the based variable will be used
1:0 identify the generation of data
occupying the portion of storage to be
freed.
If no locator has been
declared the statement is in error.
The amount of storage freed depends
upon the attributes of the based
variable, including bounds and/or
lengths at the time the storage is
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[FILECfile-expression)
ISTRINGCcharacter-string-expression)]
[data-specification]
[COPY[Cfile-expression)]]
[SKIP [ (expression) )]
General rules:
1.

If neither the FILE option nor the
STRING option appears, the file option
FILECSYSIN) is assumed.

2.

One data specification must appear
unless the SKIP option is specified.

3.

The options may appear in any order.

4.

The "file-expression" of the FILE
option represents a file which has
been associated, by opening, with the
data set which is to provide the
values. It must be a STREAM INPUT
file.

statement is executed for the file
associated with the COpy option, the
position of the data transmitted will
not necessarily be immediately
following the most recentlytransmitted COpy data item.
11.

The SKIP option causes a new current
line to be defined for the data set.
The expression, if present, is
converted to an integer w, which must
be greater than zero.
If not, the
compiler substitutes a value of 1.
The data set is positioned at the
start of the wth line relative to the
current line.- If the expression is
omitted, SKIP(l) is assumed. The SKIP
option is always executed before any
data is transmitted.

12.

For the effect of statement options
when specified in the first GET
statement following the opening of the
file, see "OPEN statement" in this
section.

The "file-expression" of the COpy
option represents a file associated
with the data set which is to receive
the values. It must be a STREAM
OUTPUT file.
5.

6.

The "character-string-expression"
refers to the character string that is
to provide the data to be assigned to
the data list. This name may be a
reference to a built-in function.
Each GET operation using this option
always begins at the beginning of the
specified string. If the number of
characters in this string is less than
the total number of characters
specified by the data specification,
the :ERROR condition is raised.
When the STRING option is used under
data-directed transmission, the ERROR
condition is raised if an identifier
within the string does not have a
match within the data specification.

7.

The "data-specification" is as
described in chapter 11, "StreamOriented Transmi ssion".

8.

If the FILE option refers to a file
that is not open in the current task,
the file is implicitly opened in the
task for stream input transmission.

Abbreviation:

GOTO

The GO TO statement causes control to be
transferred to the statement identified by
the specified label.
General format:

If the copy option refers to a file
that is not open in the current task,
the file is implicitly opened in the
task for stream output transmission.
9.

10.

The COpy option, which cannot be used
with the STRING option, specifies that
the source data stream" as read, is to
be written, without alteration, on the
specified file.
Each new record in
the input stream starts a new record
on the COpy file.
If no file is
specified, the default is standard
print file SYSPRINT.
If an interrupt during the execution
of a GET statement with a COPY option
causes an on-unit to be entered in
which another GET statement is
executed for the same fi Ie, and if
control is returned from the on-unit
to t,he interrupted statement, then
resu.med execution of that statement
will be as if no COpy option had been
specified.
If, in the on-unit, a PUT

element-label-expression; }
GOTO

{ statement-number;

Syntax rules:
1.

'Element-Iabel-expression' can be used
in a GO TO statement in a source
program, or in a GO TO entered in
immediate mode.

2.

'Statement-number' can only be used in
a GO TO i~mediate staterrent entered at
the terminal when running under the
checkout compiler.

General rules:
1.

An element-label-expression is a label
constant, a label variable, or a
function reference that returns a
label value. Since a label expression
may have different values at each
execution of the GO TO statement,
control may not always pass to the
same statement.

2.

A GO TO statement cannot pass control
to an inactive block or to another
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task.
3.

4.

5.

6.

A GO TO statement cannot transfer
control from outside a do-group to a
statement inside the do-group if the
do-group specifies repetitive
execution, unless the GO TO terminates
a procedure or on-unit invoked from
within the do-group.
If a GO TO statement transfers control
from within a block to a point not
contained within that block, the block
is terminated. Also, if the transfer
point is contained in a block that did
not directly activate the block being
terminated, all intervening blocks in
the activation sequence are also
terminated (see chapter 8, "storage
Control", for examples and details).
When one or more blocks are terminated
by a GO TO statement, conditions are
reinstated and automatic variables are
freed just as if the blocks had
terminated in the usual fashion.
When a GO TO statement specifies a
label constant contained in a block
that has more than one activation,
control is transferred to the
activation current when the GO TO is
executed.

The IF statement tests the value of a
specified expression and controls the flow
of execution according to the result of
that test.
General format:
IF element-expression
THEN unit-1
[ELSE uni t-21
Syntax rules:
1.

Each unit is either a single statement
(except DO, END, PROCEDURE, BEGIN,
DECLARE, DEFAULT, FORMAT, or ENTRY), a
do-group" or a begin block.

2.

The IF statement itself is not
terminated by a semicolon; however,
each "unit" specified must be
terminated by a semicolon.

3.

Each "unit" may be labeled and may
have condition prefixes.

General rules:

1.

When a GO TO statement transfers
control out of a procedure that has
been invoked as a function, the
evaluation of the expression that
contained the corresponding function
reference is discontinued.

The element expression is evaluated
and, if necessary, converted to a bit
string. When the ELSE clause (that
is, ELSE and its following "unit") is
specified, the following occurs:
If any bit in the string is 1, "unit1" is executed, and control passes to

the statement following the IF
statement. If all bits in the string
have the value 0, "unit-1" is not
executed and "unit-2" is executed,
after which control passes to the next
statement.
When the ELSE clause is not specified,
the following occurs:

rhe HALT statement causes execution of a
task being executed in conversational mode
under the checkout compiler to be
interrupted and control passed to the
terminal.

If any bit in the string is 1, "unit1" is executed, and control passes to
the statement following the IF
statement.
If all bits are 0, "unit1" is not executed and control passes
to the next statement.

General format:
HALT;

Each "unit" may contain statements
that specify a transfer of control
(e.g., GO TO): hence, the normal
sequence of the IF statement may be
overridden.

General rules:
1.

2.
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Th e HALT sta tement is only eff ecti ve
in a conversational environment. In a
non-conversational environment and
under the optimizing compiler, the
HALT statement is a null operation.
The HALT statement remains effective
until the programmer at the terminal
Cel uses execution to be resumed.
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An array or structure variable can
appear in the element expression only
as an argument to a function that
returns an element val ue.•
2.

IF statements may be nested; that is,

either "unit", or both, may itself be
an IF statement. Since each ELSE
clause is always associated with the
innermost unmatched IF in the same
block or do-group, an ELSE with a null
statement may be required to speci~y a
desired sequence of control. Under
the optimizing compiler, the maximum
permissible depth of nesting is 49.
There is no restriction under the
checkout compiler.

4.

If the FILE option refers to an
unopened file, the file is opened
automatically; the effect is as if the
LOCATE statement were preceded by an
OPEN statement referring to the file.
The file is given the attributes
RECORD and OUTPUT.

NOCHECK

LOCATE

The NOCHECK statement suppresses the action
of the CHECK statement for the specified
names.

The LOCATE statement, which applies to
BUFFERED OUTPUT files, causes allocation of
a based variable in a buffer; it may also
cause transmission of a based variable
previously allocated in a buffer.

The PL/I checkout compiler implements
the NOCHECK statement in this sense, but
the PL/I optimizing compiler implements
this statement by checking the syntax and
then ignoring it.

General format:

General format:

variable FILE Cfile-expression)
[SETCpointer-variable)]
[KEYFROM(expression)];

NOCHECK [(name-list)];

LOCA~rE

Syntax rules:
1.

The options may appear in any order.

2.

The "variable" must be an
unsubscripted level 1 based variable.

Syntax rules:
1.

The optional "name-list" is one or
more names separated by commas; a name
can be qualified, but cannot be
subscripted or locator-qualified.

2.

A name must be one of the following:

General rules:
1.

The FILE option specifies the file
involved. This option must appear.

2.

Execution of a LOCATE statement causes
the specified based variable to be
allocated in the buffer.
Components
of the based variable that have been
specified in REFER options are
initialized. A pointer value is
assigned to the pointer variable named
in the SET option or, if the SET
option is omitted, to the pOinter
variable specified in the declaration
of the based variable.
The pointer
value identifies the record in the
buffer. After execution of the LOCATE
statement, values may be assigned to
the based variable for subsequent
transmission to the data set, which
will occur immediately before the next
LOCA'rE, WRITE, or CLOSE operation on
the file.
The transmi tted data i tern
must not be referred after
transmission.

3.

If the KEYFROM option appears, the
value of the expression is converted
to a character string and is used as
the key of the record when it is
subsequently written.

3.

a.

An element, an array or a
structure variable of any data
type.

b.

A label constant.

c.

An entry constant.

If a name-list is specified, the
NOCHECK statement applies to those
names only. These names must be known
in the block in which the NOCHECK
statement is executed.
If there is no name-list, the NOCHECK
statement applies to every name in the
program.

General rules:
1.

Execution of a NOCHECK statement has
the effect of disabling the CHECK
condition for specified or assumed
names. The condition-prefix can be an
actual prefix, written in the program,
or a conceptual prefix, derived from a
previous CHECK statement.

2.

The NOCHECK statement remains
effective until:
a.

The program terminates, or
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b.

It is overidden by an appropriate
CHECK statement.

system action) when an interrupt results
from the occurrence of the specified
exceptional condition.
General format:

NOFL~

ON condition[SNAP] {SYSTEM; lon-unit}
The NOFLOW statement suppresses the action
of the FLOW statement.
The PL/I checkout compiler implements
the NOFLOW statement in this sense, but the
PL/I optimizing compiler implements this
statement by checking the syntax and then
ignoring it.

Syntax rules:
1.

The condition may be any of those
described in section H, "OnCondi ti ons " •

2.

The "on-unit" represents a programmerdefined action to be taken when an
interrupt results from the occurrence
of the specified "condition". It can
be either a single unlabeled simple
statement or an unlabeled begin block.
If i t is an unlabeled simple
statement, it can be any simple
statement except BEGIN, DO, END,
RETURN, FORMAT, PROCEDURE, ENTRY,
DECLARE, or DEFAULT.
If the on-unit
is an unlabeled begin block, any
statement can be used freely within
that block, with one exception:
a
RETURN statement can appear only
within a procedure nested within the
begin block.

3.

Since the "on.-unit" itself requires a
semicolon, no semicolon is shown for
the "on-unit" in the general format~.
However, the word SYSTEM must be
followed by a semicolon.

General format:
NOFLOW;
General rules:
1.

'l'he NOFLOW statement remains effective
until:

a..

The program terminates"

b.

The task terminates or

c.

It is overridden by a FLOW
statement.

or

Null statement
The null statement causes no action and
does not modify sequential statement
execution.
If the label of a null
statement is enabled for the CHECK
condition, CHECK is raised whenever control
reaches the null statement.
General format:
£label:] ••• ;
Note that a label prefixed to a null
statement does not compare equal to a label
prefixed to the statement immediately
following the null statement.

General rules:
1.

The ON statement determines how an
interrupt occurring for the specified
condition is to be handled. Whether
the interrupt is handled in a standard
system fashion or by a programmersupplied method is determined Cy the
action specification in the ON
statement, as follows:
a.

If the action specification is
SYSTEM, the standard system action
is taken. The standard system
action is not the same for every
condition, although for most
conditions the system simply
prints a message and raises the
ERROR condition. The standard
system action for each condition
is given in section H, "OnConditions".
(Note that the
standard system action is always
taken if an interrupt occurs and
no ON statement for the condition
is in effect.)

b.

If the action specification is an
"on-unit," the programmer has
supplied his own interrupt-

For example:
A: ;

B:

X=T;

Label A does not compare equal to label B.

The ON statement specifies what action is
to be taken (programmer-defined or standard
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handling action, namely, the
action defined by the statement(s)
in the on-unit itself.
The onunit is not executed when the ON
statement is executed; it is
executed only when an interrupt
results from the occurrence of the
specified condition (or if the
interrupt results from the
condition being signaled by a
SIGNAL statement).
2.

The action specification (i.e., "onunit" or SYSTEM) established by
executing an ON statement in a given
block remains in effect throughout
that block and throughout all blocks
in any activation sequence initiated
by that block, unless it is overridden
by the execution of another ON
statement or a REVERT statement, as
follows:
a.

b.

3.

4.

If a later ON statement specifies
the same condition as a prior ON
statement and this later ON
statement is executed in a block
that lies within the activation
sequence initiated by the block
containing the prior ON statement,
the action specification of the
prior ON statement is temporarily
suspended, or stacked.
It can be
restored either by the execution
of a REVERT statement, or by the
termination of the block
containing the later ON statement.
If the later ON statement and the
prior ON statement are internal to
the same invocation of the same
block, the effect of the prior ON
statement is completely nullified.

An on-unit is always treated by the
compiler as a procedure internal to
the block in which it appears.
(Conceptually, it is enclosed in
PROCEDURE ang END statements.) Any
names referenced in an on-unit are
those known in the environment in
which the ON statement for that onunit was executed, rather than the
environment in which the interrupt
occu.rred.

The conditions AREA, OVERFLOW,
FIXEDOVERFLOW, UNDERFLOW,
ZERODIVIDE, CONVERSION, all of the
input/output conditions, and the
conditions CONDITION, FINISH, and
ERROR are enabled by default.

The conditions SIZE, STRINGSIZE,
STRINGRANGE, SUBSCRIPTRANGE, and
CHECK are disabled by default.

c.

The enabling and disabling of
OVERFLOW, FIXEDOVERFLOW,
UNDERFLOW, ZERODIVIDE, CONVERSION,
SIZE, STRINGSIZE, STRINGRANGE,
SUBSCRIPTRANGE, and CHECK can be
controlled by condition prefixes.

5.

If an on-unit is a single statement,
it cannot refer to a reroote format
specification.

6.

If SNAP is specified, then when the
given condition occurs and the
interrupt results, a list of all of
the blocks and on-units active at the
time the interrupt occurred is printed
on SYSPRINT, followed by the FLOW
table. This table is the same as
would be produced by a PUT FLOW
statement. The list of blocks and onunits, and the FLOW table, are printed
by the both the checkout and the
optimizing compilers.

7.

Under the optimizing compiler, up to
49 on-units may be concurrently active
in anyone block. and up to 254 in any
one compilation. There are no limits
under the checkout compiler.

The OPEN statement associates a file name
with a data set. It also can complete the
specification of attributes for the file,
if a complete set of attributes has not
been declared f or the file being opened.
General format:
OPEN FILE (file-expr) (options-group]
(,FILE(file-expr) (options-group]] ••• ;
where "options-group" is as follows;
[DIRECT I SEQUENTIAL I TRANSIENT]
(BUFFERED I UNBUFFERED]
(STREAM I RECORD]
(INPUT IOUTPUT I UPDATE]
(KEYED] (EXCLUSIVE]
[BACKWARDS]
(TITLE (element-expression)]
[PRINT]
[LINESIZE(element-expression)]
(PAGESIZE(element-expression)]

A condition raised during execution
results in an interrupt if and only if
the condition is enabled at the point
where it is raised.
a.

b.

syntax rules:
1.

The INPUT, OUTPUT. UPDATE" STREAM,
RECORD, DIRECT, SEQUENTIAL, TRANSIENT,
BUFFERED. UNBUFFERED, KEYED,
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EXCLUSIVE, BACKWARDS, and PRINT
options specify attributes that
augment the attributes specified in
the file declaration; for rules
governing which of these attributes
can be applied together, see chapter
11., "Input and "Output", and the
corresponding attributes in section I,
"Attributes" •
2.

'rhe options in an "option-group" and
the FILE option for a file may appear
in any order.

3.

The "file-expression" represents the
na.me of the file that is to be
associated with a data set. Several
files can be opened by one OPEN
st.atement.

Minimum line size:
F- or U~format
V-format: PRINT files
Non-PRINT FILES
Default line size

4.
The opening of an already open file
does not affect the file if the second
opening takes place in the same task
or an attached task.
In such cases,
any expressions in the "options-group"
are evaluated, but they are not used.

2.

If the TITLE option is specified, the
"element-expression" is converted to a
character string, if necessary, the
first eight characters of which
identify the data set (the ddname) to
be associated with the file.
If this
o~~ion does not appear, the first
eight characters of the file name
(padded or truncated) are taken to be
the ddname.
Note that this is not the
same truncation as that for external
names.
If the file name is a
pa.rameter, the identifier of the
original argument passed to the
pa.rameter, rather than the identifier
of the parameter itself, is used as
the identification.

3.

The LIN~SIZE option can be specified
only for a STREAM OUT pur file. The
expression is evaluated, converted to
an integer, and used as the length of
a line during subsequent operations on
the file.
New lines may be started by
use of the printing and control format
items or by options in a GET or PUT
st.atement.
If an attempt is made to
position a file past the end of a line
before explicit action to start anew
line is taken, a new line is
automatically started, and the file is
positioned to the start of this new
line. The following implementationdefined values apply:

120

The LINESIZE option cannot be
specified for an INPUT file. The line
size taken into consideration whenever
a SKIP option a~pears in a GET
statement is t.he line size, if any,
that was used to create the data set;
otherwise, the line size is taken to
be the current length of the logical
record (minus control bytes, for Vformat records).

General rules:
1.

1
9
10

The PAGESIZE option can be specified
only fora file having the STREAM and
PRINT attributes. The element
expression is evaluated and converted
to an integer, which represents the
maximum nUlt1ber of lines to a page.
During subsequent transrrission to the
PRINT file, a new page may be started
by use of the PAGE format item or by
the PAGE option in the PUT statement.
If a page becomes filled and more data
remains to be printed before action to
start a new page is taken, the ENDPAGE
condition is raised. The following
implementation-defined values apply:
Maximum page si ze
Minimum page size
Default page size

5.

32,767
1

60

When a STREAM file is opened, it is
conceptually positioned as if it had
just completed scanning of the zeroth
record - that is, it is positioned at
the end of an imaginary record
immediately preceding the record
accessed in the first GET or PUT
statement. Thus if the first GET or
PUT specifies, ~ means of a statement
option or format i tern, that n lines
are to be skipped before the first
record is accessed, the file is then
positioned at the start of the nth
record. A PRINT file is treated in
the same way a.s a STREAM file, and
ENDPAGE is raised only once per page
when the current line number is one
greater than that specified in the
PAGESIZE option, or that applied by
default.

PROCEDURE
Maximum line size:
F- or U-format:
V-format
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32,759
32,751
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The PROCEDURE statement has the following
functions:

•

It heads a procedure.

•

It defines the primary entry point to
the procedure.

•

It specifies the parameters, if any, for
the primary entry point.

[NOMAPIN[(argument-list)]]
[NOMAPOUT [ (argument-list)] ]
[REENTRANT]

•

It may specif~ certain special
characteristics that a procedure can
have.

•

It may specify the attributes of the
value that is returned by the procedure
if i t is invoked as a function at its
primary entry point.

[TASK]
The options are separated by blanks or
commas, and can appear in any order.
The "argument-list" is a list of the
names of the parameters to which the
option applies. Not more than sixtyfour parameters can be specified in an
argument list; they can appear in any
order and are separated by commas or
blanks.
If there is no argument list,
the option is assumed to apply to all
the parameters associated with the
entry name.

General format:
entry-constant:
[entry-constant:] •••
PROCEDURE[(parameter[,parameter] ••• )]
[OPTIONS (option-list)]
[RECURSIVE] [RETURNSCdata attributes)]
[ORDERIREORDERl
[REDUCIBLEIIRREDUCIBLE];

NOMAP, NOMAPIN, and NOMAPOUT can all
appear in the same OPTIONS-attribute
specification. Thisspecification
should not include the same parameter
in more than one specified or assumed
argument list.

Syntax ru.les:
1.

The "data attributes" given in the
RETURNS option represent the
attributes of the value returned by
the procedure when it is invoked as a
function at its primary entry point.
Only arithmetic, string, ALIGNED,
UNALIGNED, POINTER, OFFSET, AREA,
FILE, EVENT, LABEL" and TASK
attributes are allowed. Str ings can
be given the VARYING attribute. The
OFFSET attribute may include an area
name~; under the optimizing compiler,
this must be a non-defined"
unsubscripted, unqualified, area name.
The LABEL attribute may include a list
of label constants. An area size or
string length must be specified by a
d~cimal integer constant.

2.

OPTIONS, RECURSIVE, RETURNS, ORDER,
REORDER, REDUCIBLE and IRREDUCIBLE,
can appear in any order and are
separated by blanks.

3.

The options ORDER, REORDER, REDUCIBLE
and IRREDUCIBLE are for optimization.
If t:hey are included in a program
processed by the checkout compiler,
they are checked for syntax errors~nd
ignored; their presence in such a
program is not an error.

4.

The "options-list" of the OPTIONS
option specifies one or more
additional implementation-defined
options. These are:
{MAIN I COBOL I FORTRAN}
[NOMAP[(argument-list)]]

The use of COBOL, FORTRAN, NOMAP,
NO MAP IN, and NOMAPOUT is described in
chapter 19, "Interlanguage
Communication Facilities".

a.

The TASK option need not be
specified for procedures to be
processed by the checkout or
optimizing compilers.
HC1tlever, it
may be required if these
procedures are processed by other
PL/I compilers.

b.

The REENTRANT option applies to
code produced by a PL/I compiler;
if this option is specified with
either the COBOL or FORTRAN
options, this has no effect on the
code in the COBOL or FORTRAN
program. A program that calls
COBOL or FORTRAN routines is not
reenter abl e.

c.

The TASK option must not be
specified with either the COBOL or
the FORTRAN options.

General rules:
1.

When the procedure is invoked, a
relationship is establiShed between
the arguments passed to the procedure
and the parameters t~at represent
those arguments in the invoked
procedure. This topic is discussed in
chapter 9, "subroutines and
Functions" •
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2.

OPTIONS may be specified only for an
external procedure, and at least one
external procedure must have the
OP'I'IONS (MAIN) designation; if more
than one is so designated, the
operating system will invoke the one
that appears first, physically.

3.

RECURSIVE must be specified if the
procedure might be invoked
recursively; that is, if it might be
reactivated while i t is still active.
If specified, it applies to all of the
entry points (primary and secondary)
that the procedure might have. It
applies only to the procedure for
which it is declared.

4.

6.
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7.

The "data attributes" in the RETURNS
option specify the attributes of the
value returned ~ the procedure when
it is invoked as a function at its
primary entry point. The value
specified in the RETURN statement of
the invoked procedure is converted to
conform with these attributes before
it is returned to the invokinq
pr·ocedure.
If the RETURNS option is not
specified, default attributes are
supplied.
In such a case, the name of
the entry point (the entry constant by
which the procedure has been invoked)
is used to determine the default base,
precision" and scale.
(Since the
entry point can have sever al en try
constants., the default base,
precision, and scale can differ
according to the entry constant.)

5.

function will not necessarily be
reinvoked and the result of the
earlier evaluation may be used.
IRREDUCIBLE specifies that this type
of optimization is not permitted.
Optimization within a function
procedure is not affected by either
attribute. If neither option is
specified, IRREDUCIBLE is assumed.

ORDER and REORDER are optimization
options. ORDER and REORDER specify
the extent to which the block is to be
optimized.
In general, ORDER permits
optimization to the degree such that
the latest values of all variables set
in a block are guaranteed available in
a computational on-unit entered during
execution of the block. REORDER
permits a greater degree of
optimization; with REORDER the values
of variables set in the block are not
guaranteed to be the most recently
assigned values in an on-unit entered
during execution of the block.
If
neither option is specified, ORDER is
assumed but REORDER is inherited by
all contained blocks unless they
explicitly specify ORDER.
IRREDUCIBLE and REDUCIBLE are
optimization options that can only be
specified for function procedures.
REDUCIBLE specifies that if the entry
name appears with an argument list
that is identical to an argument list
used in an earlier invocation, the
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If a PROCEDURE statement has more than
one entry constant, the first constant
can be considered as the only label of
the statement; each subsequent entry
constant can be considered as a
separate ENTRY statement having an
identical parameter list as specified
in the PROCEDURE statement. For
example, the statement:
A:

I:

PROCEDURE (X);

is effectively the same as:
A:

PROCEDURE

I:

ENl'RY

(X);

(X):

Since the attributes of the value are
not explicitly stated, the characters
of the value returned by the procedure
will depend on whether the procedure
has been invoked as A or I.
8.

The meaning of the options in the
OPTIONS option is:
COBOL: The PL/I procedure is to be
invoked at its main entry point by
only a COBOL subprogram.
FORTRAN: The PL/I proced~re is to be
invoked at its main entry point by
only a FORTRAN subroutine or function.
MAIN: The PL/I procedure is the
initial procedure of a PL/I program,
and is invoked by the operating-system
control program as the first step in
the execution of that program.
NOMAP, NOMAPIN, NOMAPOUT: These
options prevent the automatic
manipulation of data aggregates at the
interface between either COBOL or
FORTRAN and PL/I.
Each option argument-list can speci fy
the parameters to Which the option
applies.
If there is no argument list
for an option, that option is assumed
to apply to all the parameters
associated with the invocation of the
entry name.
REENTRANT: The code produced by the
compiler is reenterable.

TASK: The PL/I mul ti tas ki ng
facilities are to be used.

4.

Under the checkout compiler, the FLOW
option causes a comment on each of the
last n transfers of control to be put
into the SYSPRINT stream. The rules
determining the nature of each flow
comment are the same as for the FLOW
statement, described earlier in this
section.
If n is not specified, the
value specified in the appropriate
compiler option is used; if no value
is specified there, a default of 25 is
taken.
Under the optimizing ccmpiler,
the syntax of the option is checked,
then it is ignored.

5.

Under the checkout compiler, the ALL
option causes all information provided
by the SNAP and FLOW options to be put
into the SYSPRINT stream, together
with certain other debugging
information. A description of this
information is given in chapter 15,
"Execution-time Facilities of the
Checkout Compiler".
Under the
optimizing cdmpiler, the syntax of the
option is checked, then it is ignored.
The value of the character-stringexpression must be one or more of the
option characters D,S,F,C,T,n
concatenated to form a string without
blanks or punctuation marks, n being
one through four digits.

6.

The STRING option specifies
transmission from internal storage
locations (represented by variables or
expressions in the "dataspecification") to a character string
(represented by the "character-stringvariable"). It cannot be used with a
SNAP, FLOW, or ALL option. The
"character-string-variable" can be any
string pseudovariable other than
STRING.

7.

The "data specification" option is as
described in chapter 11, "StreamOriented Transmission".

8.

The PAGE" SKIP, and LINE options
cannot appear with the STRIl'l; option.

9.

The options may appear in any order;
at least one must appear.

The PUT s·tatement is a STREAM transmission
statement that can be used in either of the
following ways:
1.

It c.:in cause the value~ in one or more
internal storage locations to be
transmitted to a data set on an
external medium.

2.

It can cause the values in one or more
internal storage locations to be
assigned to an internal receiving
field (represen.ted by a characterstring variable).

3.

Under the checkout compiler, it can
cause program checkout information to
be written onto the SYSPRINr file.

General format:
PUT [FILE (file-expression)] I
[STRING (character-string-varia.ble)]
[data-specification] I
[SNAP] I
[FLOW [ (n) ] ] I
[ALL[(character-string-expression)]]
PAGE [LINE(element-expresSiOn)]]
SKIP [(element-expression)]
[ LINE (element-expression)
Syntax rules:
1.

2.

3.

If neither the FILE nor STRING option
appears, the specification FILE
(SYSPRINT) is assumed.
If such a PUT
statement lies within the scope of a
declaration of the identifier
SYSPRINT, SYSPRINT must have been
declared as FILE STREAM OUTPUT.
If
the PUT statement Qoes not lie within
the scope of a declaration of
SYSPRINT, SYSPRINT is the standard
system output file.
The :FILE option specifies transmission
to a data set on an external medium.
The file expression in this option is
the name of the fil e that has been
associated (by implicit or explicit
opening) with the data set that is to
receive the values. This file must
have the OUTPUT and STREAM attributes.
Under the checkout compiler, the SNAP
option causes a list of all currently
active blocks and on-units to be
printed on SYSPRINT.
Under the
optimizing compiler, the option's
syntax is checked, then it is ignored.

General rules:
1.

If the FILE option is specified, and
the "file-expression" refers to an
unopened file, the file is opened
implicitly as an OUTPUT file.

2.

If the STRING option is specified, the
PUT operation begins assigning values
to the beginning of the string (that
i·s, at the left-most character
position), after appropriate
conversions have been performed.
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that the next line will be the wth
line of the current page..
If at least
w lines have already been written on
the current page or if ~ exceeds the
limits set by the PAGESIZE option of
the OPEN statement, the ENDPAGE
condition is raised.
If ~ is less
than or equal to zero, it is assumed
to be 1. If ~ specifies the current
line, ENDPAGE is raised except when
the file is positioned on column 1; in
this case" the effect is as for a
SKIP(O) option.

Blanks and delimiters are inserted as
usual.
If the string is not long
enough to accomodate the data, the
ERROR condition is raised.
3.

The PAGE and LINE options can be
specified for PRINT files only. All
of the options take effect before
transmission of any values defined by
the data specification, if given. of
the three, only PAGE and LINE may
appear in the same PUT statement., in
which case, the PAGE option is applied
f:l rst.

4.

The PAGE option causes a new current
page to be defined within the data
set. If a data specification is
present, the transmission of values
occurs after the definition of the new
page. The page remains current until
the execution of a PUT statement with
the PAGE option, until a PAGE format
item is encountered, or until the
ENDPAGE condition is raised, resulting
in the definition of a new page. A
new current page implies line one.

If the LINE option is specified in the
same statement as a PAGE option, the
PAGE option is executed first.
When printing at a terminal in
conversational mode, the LINE option
causes three lines to be skipped.
7.

For the effects of statement options
when specified in the first PUT
statement following the opening of the
file, see "OPEN statement" in this
section.

When print ing at a terminal in
conversational mode, the PAGE option
causes three lines to be skipped.
5.

The SKIP option causes a new current
line to be defined for the data set.
The expression, if present, is
converted to an integer w, which for
non-PRINT files must be greater than
zero. The data set is positioned at
the start of the wth line after the
current line. If-the expression is
omitted, SKIP(l) is assumed.
For PRINT files ~ may be less than or
equal to zero; in this case, the
effect is that of a carriage return
with the same current line. If less
than w lines remain on the current
page when a SKIP(w) is issued, ENDPAGE
is raised.
~len a SKIP option is specified on the
first PUT statement of a file, the
da ta set is posi tioned at the start of
the ~h line on the first page. If ~
is zero or one, i t is positioned at
the start of the first line.

The READ statement causes a record to be
transmitted from a RECORD INPUT or RECORD
UPDATE file to a variable or buffer.
General format:
READ option-list;
The format of the option list is shown
in figure J. 5.
General rules:
1.

The options may appear in any order.

2.

The FILE option specifies the file
from which the record is to be read.
This option must appear. If the file
specified is not open in the current
task, it is opened.

3.

The INTO (variable) option specifies
the variable into which the record is
to be read.
If the variable is an
aggregate, it must be in connected
storage; certain uses of unaligned
fixed-length bit strings are
disallowed (for details, see "Data
Transmitted" in chapter 12, "RecordOriented Transmission"). string
pseudovariables other than STRING may
be specified.

4.

The KEY and KEYTO options can be
specified for KEYED files only.

When printing at a terminal in
conversational mode, no more than
three lines may be skipped; SKIP(w)
with w greater than 3 is equivalent to
SKIP (3) •
6.
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The LI NE option ca uses a new current
line to be defined for the data set.
The expression is converted to an
integer~.
The LINE option specifies
that blank lines are to be inserted so
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r---------·---------~----------------~---------------------------------------------------,

I
I
I

r---,
--,
r-I KEY (expression) [NOLOCK]
I
I [INTO (variable) ] I
I [EVENT (event-vari al::le) ]
I
IKEYTO(character-string-variable)I

I

I
I

I
I

--J

L---

r--

---,

I
I [SET (pointer-variable) ]

I KEY (expression)

I
I
I
I
I

I
I
I

IKEYTO(character-string-variable)

Figure J.S.

Format of option list for READ statement

I'FILE
I (filename)

I

L--

I
I

I

---J

I [IGNORECexpression)] [EVENTCevent-variable)]

L---J
L--------------------_________________________________
---_______________________________

5.

The KEY option must appear if the file
has the DIRECT attribute.
The
"element-expression" is converted to a
character string that represents a
key.
It is this key that determines
which record will be read.

An all-zero region number is
truncated to a single zero.

The KEY option may also appear for a
file having INDEXED (or key-sequenced
VSAM) organization and the SEQUENTIAL
and KEYED attributes.
In such cases,
the file is positioned to the record
having the specified key. Thereafter,
records may be read sequentially from
that point on by using READ statements
without the KEY option.
6.

The KEYTO option can be given only if
the file has the SEQUENTIAL and KEYED
attributes.
It specifies that the key
of the record being read is to be
assigned to the "character-string
variable" according to the rules for
character-string assignment.
The
KEYTO option can specify any string
pseudo variable other than STRING.
It
cannot specify a variable declared
with a numeric picture specification.
The maximum permissible length for the
character string is 256.

J

b.

For REGIONAL(2) and REGIONAL(3),
the recorded key without the
region number, padded or truncated
on the right to the declared
length of the character-string
variable.

c.

For INDEXED, the recorded key,
padded or truncated on the right
to the declared length of the
character-string variable.

The KEY condition will not be raised
for such padding or truncation.
7.

The EVENT option allows processing to
continue while a record is being read
or ignored. This option cannot be
specified for a SEQUENTIAL BUFFERED
file.

to the KEYTO variable
always follows assignment to the INTO
variable.
If an incorrect key
specification is detected, the KEY
condition is raised.
For this
implementation, the value assigned is
as follows:

When control reaches a READ statement
containing this option, the "event
variable" is made active (that is, it
cannot be associated with another
event) and is given the completion
value'O'B, provided that the
UNDEFINEDFILE condition is not raised
by an implicit file opening (see
"Note" below). The event variable
remains active and reta ins its "0' B
completion value until control reaches
a WAIT statement specifying that event
variable. At this time, either of the
following can occur:

a.

a.

Assi~Jnment

For REGIONAL(1), the eight
character region number, padded or
truncated on the left to the
declared length of the characterstring variable.
If the
character-string variable is of
varying length, any leading zeros
in the region number are truncated
and the string length is set to
the number of significant digits.

If the READ statement has been
executed successfully and none of
the conditions ENDFILE, TRANSMIT,
KEY or RECORD has been raised as a
result of the READ, the event
variable is set complete (given
the completion value 'l'B), and
the event variable is made
inactive, that is, it can be
associated with another event.
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b.

If the READ statement has resulted
in the raising of ENDFILE,
TRANSMIT, KEY, or RECORD, the
interrupt for each of these
conditions does not occur until
the WAIT is encountered.
At such
a time, the corresponding on-units
Cif any) are entered in the order
in which the conditions were
raised. After a return from the
final on-unit, or if one of the
on-units is terminated by a GO TO
statement, the event variable is
given the completion value 'liB
and is made inactive.

Note:
If the READ staterrent causes an
implicit file opening that results in
the raising of UNDEFINEDFlLE, the onunit associated with this condition is
entered immediately and the event
variable remains unchanged; that is,
the event variable remains inactive
and retains the same value i t had when
the READ was encountered.
If the onunit does not correct the condition,
then, upon normal return from the onunit, the ERROR condition is raised;
if the condition is corrected in the
on-unit, that is, if the file is
opened successfully, then. upon normal
return from the on-unit, the event
variable is set to 'O'B, it is made
acti ve, and execution of the READ
statement continues.
8.

Any READ statement referring to an
EXCLUSIVE file will cause the record
to be locked unless the NOLOCK option
is specified.
A locked record cannot
be read, deleted, or rewritten by any
other task until it is unlocked. Any
attempt to read, delete, rewrite, or
unlock a record locked by another task
results in a wait.
Subsequent
unlocking can be accomplished by the
locking task through the execution of
an UNLOCK, REWRITE, or DELETE
s·tatement that specifies the same key,
by a CLOSE statement, or by completion
of task in which the record was
locked.
Note that a record is considered
locked only for tasks other than the
task that actually locks it; in other
words, a locked record can always be
read by the task that locked it and
still remain locked as far as other
tasks are concerned (unless, of
course, the record has been explicitly
unlocked by one of the above methods).

9.
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The SET option specifies that the
record is to be read into a buffer and
that a pointer value is to be assigned
to the named loca~or variable. The
pointer value identifies the record in
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the buffer.
10.

The IGNORE option may be specified for
SEQUENTIAL INPUT and SEQUENTIAL UPDATE
files.
The expression in the IGNORE
option is evaluated and converted to
an integer.
If the value, E., is
greater than zero., !! records are
ignored; a subsequent READ statement
for the file will access the (n+l)th
record.
If n is less than 1, the
option has no effect.
A READ
statement without an INTO, SET, or
IGNORE option is equivalent to a READ
with an IGNORE(l).

11.

A file with INDEXED organization that
is being accessed sequentially may be
positioned by issuing a READ statement
with the KEY option. The specified
key will be used to identify the
record required. Thereafter, records
may be read sequentially from that
point by use of READ statements
without the KEY option. This applies
to INPUT and UPDATE files.
For INDEXED SEQUENTIAL files, two
positioning statements can be used.
with the following formats:

12.

READ

FILE (file-expression) INTO
(variable) KEY (expression);

READ

FILE (file-expre~sion) SET
(pointer-variable) KEY
(expre ssi on) ;

The EVENT, IGNORE, KEY and NOLOCK
options cannot be used with a
TRANSIENT file.

RELEASE
The RELEASE statelnent frees for other
purposes main storage occupied by
procedures identified by the specified
entry constants. Also, whenever a
procedure named in a REL~SE statement is
invoked by a CALL statement, a CALL option
of an INITIAL attribute or a function
reference, and is found not to be resident
in main storage, a search is made for the
procedure on auxiliary storage.
If it is
found, i t is copied into main storage
before any attempt is made to execute it.
General format:
RELEASE entry-constant
[,entry-constantl ••• ;
General rules:
1.

At execution time, the only effect of

the RELEASE statement is to free the
necessary storage.
It has no effect
on the meaning or scope of the entryconstant.
2.

The entry-constant must be the same as
the one used in any corresponding CALL
stat.ements or options, or function
refE=rences, and FETCH statements.

is invoked.
3.

If control reaches an END statement
corresponding to the end of a
procedure, this END statement is
treated as a RETURN statement (of the
option 1 form) for the procedure.

REVERT
RETURN
The RETURN statement terminates execution
of the procedure that contains the RETURN
statement. If the procedure has not been
invoked as a task, the RETURN statement
returns control to the invoking procedure.
The RETURN statement may also return a
value.
General format:
Option 1.
RETURN;
Option 2.
RE'rURN (element-expression);
General rules:
1.

Only the RETURN statement in Option 1
can be used to terminate procedures
not invoked as function procedures;
control is returned to the point
logically following the invocation.
Option 1 represents the only form of
the RETURN statement that can be used
to 1:erminate a procedure initiated as
a task.
If the RETURN statement
terminates the major task, the FINISH
condition is raised prior to the
execution of any termination
processes.
If the RETURN statement
terminates any other task, the
completion value of the associated
event variable (if any) is set to
'l"B, and t.he status value is left
unchanged.

2.

The RETURN statement in Option 2 is
used to terminate a procedure invoked
as a function procedure only. Control
is returned to the point of
invocation, and the value returned to
the function reference is the value of
the expression specified converted to
conform to the attributes declared for
the invoked entry point. These
attributes may be explicitly specified
at t~he entry point; they are otherwise
implied by the initial letter of the
entry name through which the procedure

The REVERT statement is used to cancel the
effect of the latest relevant ON
statement.
It can affect only ON
statements that are internal to the block
in which the REVERT statement occurs and
which have been executed in the same
invocation of that block. Execution of the
REVERT statement in a given block cancels
the action specification of any ON
statement for the named condition that has
been executed in that block; it then reestablishes the action specification that
was in force at the time of activation of
the block.
General format:
REVERT condition;
Syntax rule:
The "condition" is any of those
described in section H, "On-Conditions".
General rule:
The execution of a REVERT statement has
the effect described above only if (1) an
ON statement, specifying the same condition
and internal to the same block, was
executed after the block was activated and
(2) the execution of no other similar
REVERT statement has intervened. If either
of these two conditions is not met, the
REVERT statement is treated as a null
statement.

The REWRITE statement can be used only for
update files.
It replaces an existing
record in a data set.
General format:
REWRITE FILE (file-expression)
[FROM (variable)]
[KEY (element-expression)]
[EVENT (event-variable)];
Syntax rules:
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1.

The options may appear in any order.

2.

The "file-expression" represents the
name of the file containing the record
to be rewritten. The file must have
the UPDATE attribute.

3.

The FROM option specifies a variable
that represents the record that will
replace the existing record in the
specified file. If the variable is an
aggregate, it must be in connected
storage; certain uses of unaligned
fixed-length bit strings are
disallowed (for details, see "Data
Transmitted" in chapter 12, "RecordOriented Transmission").

General rules:
1.

If the file referred to by "fileexpression" has not been opened, it is
opened implicitly with the attributes
RECORD and UPDATE.

2.

The KEY option must appear if the file
has the DIRECT attribute; it cannot
appear otherwise. The elementexpression is converted to a character
string. This character string is the
source key that determines which
record is to be rewritten.

3.

For SEQUENTIAL files with INDEXED
organization, if the key is an
embedded key, the user must take care
that the rewritten key is the same as
the key in the replaced record.

4.

The FROM option must be specified for
UPDATE files having either the DIRECT
attribute or both the SEQUENTIAL and
UNBUFFERED attributes. A REWRITE
statement in which the FROM option has
not been specified has the following
effect:
a.

b.

5.

458

If the last record was read by a
'READ statement with the INTO
option, REWRITE without FROM has
no effect on the record in the
data set.
If the last record was read by a
READ statement with the SET
option, the record will be updated
by whatever assignments were made
In the buffer identified by the
pointer variable in the set
option. When the records are
blocked, a REWRITE statement
issued for any record in the block
causes the complete block to be
rewritten even if no REWRITE
statements are issued for other
records in the block.

The EVENT option allows processing to
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continue while a record is being
rewritten. This option must not be
specified for a SEQUENTIAL BUFFERED
file.
When control reaches a REWRITE
statement containing this option, the
event variable is made active (that
is, it cannot be associated with
another event) and is given the
completion value 'O'B, provided that
the UNDEFlNEDFILE condition is not
raised by an implicit file opening
(see "Note" below). The event
variable remains active and retains
i t s ' O'B completion value until
control reaches a ~IT statement
specifying that event variable. At
this time, either of the following can
occur:
a.

If the REWRITE statement has been
executed successfully and none of
the coIrlitions TRANSMIT, KEY, or
RECORD has been raised as a result
of the REWRITE, the event variable
is set complete (given the
completion value 'l'B), and the
event variabl e is made inactive
(that is, i t can be associated
with another event).

b.

If the REWRITE statement has
resulted in the raising of
TRANSMIT" KEY, or RECORD, the
interrupt for each of these
conditions does not occur until
the WAIT is encountered. At such
time, the corresponding on-units
(if any) are entered in the order
in which the conditions were
raised. After a return from the
final on-unit, or if one of the
on-uni ts is terminated by a GO TO
statement, the event variable is
given the completion value 'l'B
and is made inactive.

Note:
If the REWRITE statement causes
an implicit file opening that results
in the raising of UNDEFlNEDFlLE, the
on-unit associated with this condition
is entered immediately and the event
variable remains unchanged, that is,
the event variable remains inactive
and retains the same value it had when
the REWRITE was encountered. If the
on-unit does not correct the
condition, then, upon normal return
from the on-unit. the ERROR condition
is raised; if the condition is
corrected in the on-unit, that is, if
the file is opened successfully, then,
upon normal return frore the on-unit,
the event variable is set to 'O'B, it
is made active, and execution of the
REWRITE statement continues.

6.

If the record rewritten is one that
was locked in the same task, it
becomes unlocked.

tasks
General format:
STOP;

SIGNAL

General rule:

The SIGNAL statement simulates the
occurrence of an interrupt.
It may be used
to test the current action specification
for the associated condition.

Prior to any termination activity the
FINISH condition is raised in the task in
which the STOP is executed. On normal
return from the FINISH on-unit, all tasks
in the program are terminated.

General format:
SIGNAL condition;

UNLOCK

Syntax rule:
The ncondition n is anyone of those
described in section H, nOn-Conditions n •
General rules:
1.

When a SIGNAL statement is executed,
it is as if the specified condition
has actually occurred. sequential
execution is interrupted and control
is transferred to the current on-unit
for the specified condition. After
the on-unit has been executed,
standard system action for the
condition is performed. This usually
results in control returning to the
statement immediately following the
SIGNAL statement. However, for the
ERROR condition the standard system
action is to terminate the task (after
raising the FINISH condition if the
SIGNAL statement is in the major
task) •

2.

The on-condition CONDITION can cause
an interrupt only as a result of its
specification in a SIGNAL statement.

3.

If the specified condition is
disabled, no interrupt occurs, and the
SIGNAL statement becomes equivalent to
a null statement, unless, under the
checkout compiler, the condition is
SIZE, STRINGRANGE, or SUBSCRIPTRANGE,
in which case standard system action
takes place.

4.

If there is no current on-unit for the
specified condition, then the standard
system action for the condition is
performed.

The UNLOCK statement makes the specified
locked record available to other tasks for
operations on the record.
General format:
UNLOCK option-list;
Following is the format of "option
list":
FILECfile-expression) KEY (expression)
General rul es :
1.

The options may appear in either
order.

2.

The FILE option specifies the file
involved, which mlJst have the
attributes UPDATE, DIRECT, and
EXCLUSIVE.

3.

In the KEY option, the nexpressionn is
converted to a character string and
determines which record is unlocked.

4.

A record can be unlocked only by the
task which locked it.

The execution of a WAIT statement within an
activation of a block retains control for
that activation of that block within the
WAIT sta tement unti 1 certain specified
events have completed.
General format:
WAIT (event [,eventl ••• )
[(element-expression)];
Syntax rules:

The STOP statement causes immediate
termination of the major task and all sub-

Each event is an event variable, or an
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array or (for the checkout compiler only) a
structure consisting only of event
variables.

input/output conditions to be raised,
the event variable is set complete
(i.e., COMPLETION(event name) = 'l'B).
If the transmission has been
terminated but has required conditions
to be raised, the event variable is
set abnormal (i.e., STATUSCevent name)
= 1) and all the required onconditions are raised. On return from
the last on-unit, the event variable
is set complete.

Genera.l rules:
1.

Control for a given block activation
remains within this statement until,
at possibly separate times during the
execution of the statement, the
condition
COMPLETION (event)

=

'liB

6.

The order in which on-conditions for
different input/output events are
raised is not dependent on the order
of appearance of the event names in
the list. If an on-condition for one
event is raised, then all other
conditions for that event are raised
before the WAIT is terminated or
before any other input/output
conditions are raised unless an
abnormal return is made from one of
the on-units thus entered. The
raising of ON conditions for one event
implies nothing about the completion
or termination of transmission of
other events in the list.

7.

If an abnormal return is made from any
on-unit entered from aWAIT, the
associated event variable is set
complete" the execution of the WAIT is
terminated, and control passes to the
point specified by the abnormal
return.

8.

If Some of the event narres in the WAIT
list are associated with input/output
operations and have not been set
complete before the WAIT is terminated
(either because enough events have
been completed or due to an abnormal
return), then these incomplete events
will not be set complete until the
execution of another WAIT referring to
these events in this same task.

ha.s been satisfied, for some or all of
the event names in the list.
2.

If the expression does not appear, all
the event names in the list must
satisfy the above condition before
control is passed to the next
statement in this task following the
WAIT.

3.

If the optional expression appears,
the expression is evaluated when the
WAIT statement is executed and
converted to an integer. This integer
specifies the number of events in the
list that must satisfy the above
condition before control for the block
passes to the statement following the
WAIT. Of course, if an on-unit
entered due to the WAIT is terminated
abnormally, control might not pass to
the statement following the WAIT.
If the value of the expression is
zero or negative, the WAIT statement
is treated as a null statement. If
the value of the expression is greater
than the number, n, of event names in
the list, the value is taken to be n.
If the statement refers to an arrayevent name, then each of the array
elements contributes to the count.

4.

I:E the event variable named in the
l:ist has been associated with a task
in its attaching CALL statement, then
the condition in Rule 1 will be
satisfied on termination of that task.

5.

If the event variable named in the
list is associated with an
input/output operation initiated in
the same task as the WAIT, the
condition in Rule 1 will be satisfied
when the input/output operation is
completed. The execution of the WAIT
is a necessary part of the completion
of an input/output operation. If
p:rior to, or during, the WAIT all
transmission associated with the
input/output operation is terminated,
then the WAIT performs the following
action.
If the transmission has
finished without requiring any
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The WRITE statement is
transmission statement
record from a variable
to an OUTPUT or UPDATE

a RECORD
that transfers a
in internal storage
file.

General format:
WRITE FILE (file-expression) FROM
Cvariab Ie)
[KEYFROM(element-expression) ]
[EVENTCevent-variable)] ;
Syntax rules:
1.

The options may appear in any order.

2.

3.

that is, it can be associated with
another event.

The "file expression" specifies the
file in which the record is to be
written. This file must be a RECORD
file that has either the OUTPUT
attI:'ibute or the DIRECT and UPDATE
attributes.

b.

The FROM option specifies a variable
that represents the record to be
wri t,ten. If the variable is an
aggregate" it must be in connected
storage; certain uses of unaligned
fixed-length bit strings are
disallowed (for details see "Data
Transmitted" in chapter 12, "RecordOriented Transmission").

General rules:
1.

If the file is not open in a task, it
is opened for that task implicitly
with the attributes RECORD and OUTPUT
(unless UPDATE has been declared).

2.

If the KEYFROM option is specified"
the nele~nt expression" is converted
to a character string. This character
string is the source key that
specifies the relative location in the
data set where the record is written.
ForREGIONAL(2), REGIONAL(3), and
INDEXED, KEYFROM also specifies a
recorded key whose length is
determined by the KEYLEN subparameter
or the KEYLENGTH option.

3.

The EVENT option allows processing to
continue while a record is being
written. This option cannot be
specified for a SEQUENTIAL BUFFERED
file; record transmisson and
processing are automatically
overlapped in such a file.
When control reaches a WRITE statement
containing this option, the "event
variable" is made active (that
is, it cannot be associated with
another event) and is given the
completion value 'O'B, provided that
the UNDEFINEDFILE condition is not
raised by an implici t file opening
(see "Note" below). The event
variable remains active and retains
its lOeB completion value until
control reaches a WAIT statement
specifying that event variable. At
this time, either of the following can
occur:
a.

If the WRITE statement has been
executed successfully and none of
the conditions TRANSMIT, KEY, or
RECORD has been raised as a result
of the WRITE, the event variable
is set complete (given the
completion value 'l'B), and the
event variable is made inactive,

If the WRITE statement has
resulted in the raising of
TRANSMIT, KEY, or P~CORD, the
interrupt for each of these
conditions does not occur until
the WAIT is encountered. At such
time, the corresponding on-units
(if any) are entered in the order
in which the conditions were
raised. After a return from the
final on-unit, or if one of the
on-units is terminated by a GO TO
statement, the event variable is
given the completion value C'l'B)
and is made inactive.

Note: If the WRITE statement causes
an implicit file opening that results
in the raising of UNDEFINEDFILE, the
on-unit associated with this condition
is entered immediately and the event
variable remains unchanged; that is,
the event variable remains inactive
and retains the same value it had when
the WRITE was encountered. If the onunit does not correct the condition,
then, upon normal return from the onunit, the ERROR condition is raised:
if the condition is corrected in the
on-unit, that is, if the file is
opened successfully, then upon normal
return from the on-unit, the event
variable is set to 'O'B, it is made
acti ve" and execution of the WRITE
statement continues.
4.

The EVENT option cannot be used with a
TRANSIENT file.

Preprocessor Statements
All of the statements that can be executed
at the preprocessor stage are presented
alphabetically in this section.

%ACTIVATE

Abbreviation:

%ACT

The appearance of an identifier in a
%ACTIVATE statement makes it active and
eligible for replacement: that is, any
subsequent encounter of that identifier in
a nonpreprocessor statement, while the
id~ntifier is active, will initiate
replacement activity.
General format:
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preprocessor, replacement in the
output stream takes place as
usual.

%[label:l ••• ACTIVATE identifier
[RESCANINORESCAN] [,identifier
[RESCANINORESCAN]] ••• ;
b.

Syntax rules:
1.

2.

(1) That when the identifier is
scanned by the preprocessor,
it is replaced in the output
stream by that text which is
the current value of the
variable named by the
identifier, or by that text.
which is the result of
invoking the procedure named
by the identifier.

Each identifier must be a preprocessor
variable, a preprocessor procedure
name, or any of the built- in functions
INDEX, LENGTH or SUBSTR.
A %ACTIVATE statement cannot appear
within a preprocessor procedure.

General rules:

1.

When an identifier is active (and has
been given a value
if it is a
preprocessor variable) any encounter
of that identifier within a
nonpreprocessor statement will
initiate replacement activity in all
cases except when the identifier
appears within a comment or within
single quotes. For example, if the
source program contains the following
sequence of statements:

NORESCAN specifies:

(2) That this text is not to be
rescanned for further
replacement.
RESCAN is the default.
3.

The execution of a %ACTIVATE statement
to activate a preprocessor identifier
that is already activated has no
effect.

%DECLARE I FIXED, T CHARACTER;
%DEACTIVATE I;
"1

15;

"assignment Statement
%T = • A( 1> • ;
S = I*T*3;
%.1 = I+5:

The "assignment statement is used to
evaluate preprocessor expressions and to
assign the result to a preprocessor
variable.

"ACTIVATE I;
General format:
"DEACTIVATE T;
R = I*T* 2;
t~hen the preprocessed text generated
t¥ the above would be as follows
(replacement blanks are not shown):

S

I*A(I>*3;

%[label:] ••• preprocessor-variable =
preprocessor-expression;
General rule:
When the value assigned to a
preprocessor variable is a character
string, this character string should not
contain a preprocessor staterrent.

R = 20*T*2;
2.

If the identifier to which REseAN or
NORESCAN refers is the name of a
preprocessor variable of type FIXED or
of a preprocessor procedure which
returns a FIXED value, replacement in
the output stream occurs irrespective
of which option is specified. If the
identifier to which RESCAN or NORESCAN
refers is the name of a preprocessor
variable of type CHARACrER or of a
procedure which returns a CHARACTER
value then:
a.
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RESCAN specifies that when the
identifier is scanned by the
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" DEACTIVATE
Abbreviation:

%DEACT

The appearance of an identifier in a
%DEACTIVATE statement makes it inactive and
ineligible for replacement; that is, any
subsequent encounter of that identifier in
a nonpreprocessor statement will not
initiate any replacement activity (unless,
of course, the identifier has been
reactivated in the interim).

General format:

3.

Factoring of attributes is allowed as
for nonpreprocessor DECLARE
statements.

4.

Any label attached to a %DECLARE
statement is ignored by the scan.

%[label:l ••• DEACTIVATE identifier
[,identifierl ••• ;
Syntax rules:
1.

2.

Each "identifier" must be either a
preprocessor variable" the SUBSTR
built-in function, or a preprocessor
procedure name.

General rules:
1.

No length can be specified with the
CHARACTER attribute.
If CHARACTER is
specified, it is assumed that the
associated identifier represents a
varying-length character string that
has no maximum length.

A %DEACTIVATE statement cannot appear
within a preprocessor procedure.

General rule:
2.
The deactivation of an identifier does
not strip it of its value, nor does it
prevent it from receiving new values in
subsequent preprocessor statements.
Deactivation simply prevents any
replacement for a particular identifier
from taking place. Deactivation of a
deacti vat.ed preprocessor identifier has no
effect.

A preprocessor variable declared with
the attribute FIXED is also given the
attributes DECIMAL and (5,0) by
default.

3.

The scope of all preprocessor
variables, procedure narres, and labels
is the entire source program scanned
by the preprocessor, not including any
preprocessor procedures that redeclare
such identifiers. The scope of a
declaration in a preprocessor
procedure is limited to that
procedure.

%DECLARE

4.

An entry declaration may be specified
for each preprocessor procedure in the
source program. It is used to
activate the entry name. Each time a
preprocessor function is invoked, its
arguments are converted if necessary
to the attributes of the corresponding
pa rameters •

Abbreviation:

%DCL

The %DECLARE statement establishes an
identifier as a preprocessor variable or a
preprocessor procedure name and also serves
Ito activate that identifier.

See "preprocessor Procedures" in
"Compile-Time Facilities" in Part I,
for a discussion of the association of
arguments and parameters at the time
of invocation.

General format:
%[label:l •••
DECLARE identifier
{F'IXEDI CHARACTER I ENTRYI BUILTIN}
[ ,identifier
{F'IXED I CHARACTER I ENTRYI BUILTIN}] ••• ;

5.

A preprocessor %DECLARE statement
behaves as a %ACTIVATE statement when
it is encountered, and activates, with
the RESCAN option, all preprocessor
variables identified in the statement.

6.

The BUILTIN attribute may only be
specified for SUBSTR, LENGTH, or
INDEX.
It indicates that the
associated identifier is the built-in
function of the same name.

Syntax rules:
1.

2.

CHARACTER or FIXED must be specified
if the "identifier" is a preprocessor
variable; an entry declaration may be
optionally specified if the
"identifier" is a preprocessor
procedure name. The declaration of a
preprocessor procedure entry name can
be performed explicitly by its
appearance as the label of a
%PROCEDURE statement. This explicit
declaration however, does not cause
the activation of the preprocessor
procedure name.
Only the attributes shown in the above
format can be specified in a ~DECLARE
stat~ement.

The %00 statement is used in conjunction
with a %END statement to delimit a
preprocessor do-group.
It cannot be used
in any other way.
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General format:

2.

A preprocessor GO TO statement
appearing within a preprocessor
procedure cannot transfer control to a
point outside of that procedure. In
other word s" the label following GO TO
must be contained within the
procedure.

3.

See "%INCWDE Statement" for a
restriction regarding the use of %GO
TO with included text.

%[label: ] ••• DO [i=ml[TO m2 [BY m3]]];
By m3 [TO m2]
Syntax rule:
The "in represents a preprocessor
variable, and "m1," "m2," and "m3" are
preprocessor expressions.
G'eneral rule:
The expansion of a preprocessor dogroup is the same as the expansion for a
corresponding nonpreprocessor do-group and
Hi," "ml," "m2," and "m3" have the same
meaning that the corresponding expressions
in a nonpreprocessor do-group have.
See "Preprocessor DO-Groups" in chapter
16, "Compile-Time Facilities", for a
discussion and an example of its use.

The %IF statement can control the flow of
the scan according to the value of a
preprocessor expression.
General format:
%[label:] ••• IF preprocessor-expression
%THEN preprocessor-clause-1
[%ELSE preprocessor-clause-2];
Syntax rule:

The %END statement is used in conjunction
with %DO or %PROCEDURE statements to
delimit preprocessor do-groups or
preprocessor procedures.
General format:
% {label:]...

A preprocessor clause is any single
preprocessor statement other than %DECLARE,
%PROCEDURE, %END, or %DO (percent symbol
included) or a preprocessor do-group
(percent symbols included). Otherwise, the
syntax is the same as that for nonpreprocessor IF statements.

END [label];
General rules:

Syntax rule:
1.

The preprocessor expression is
evaluated and converted to a bit
string (if the conversion cannot be
made, it is an error).
If any bit in
the string has the value 1, clause-1
is executed and clause-2, if present,
is ignored; if all bits are 0, clause1 is ignored and clause-2, if present,
is executed. In either case" the scan
resumes irrmediately following the IF
statement, unless, o'f course, a %GO TO
in one of the clauses causes the scan
to resume elsewhere.

2.

%IF statements can be nested accord.ing
to the rules for nesting
nonpreprocessor IF statements.

The label following END must be a label
of a %PROCEDURE or%DO statement. Multiple
closure is permitted.

%GO TO
Abbreviation:

%Goro

The %GO TO statement causes the
preprocessor to continue its scan at the
specified label.
General format:
% [label:] •••

GO TO label;

General rules:
1.
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The label following the keyword GO TO
determines the point to which the scan
will be transferred.
It must be a
label of a preprocessor statement,
although it cannot be the label of a
preprocessor procedure.
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%INCLUDE
The %INCLUDE statement is used to include
(incorporate) strings of external text into
the source program being scanned. This
included text can contribute to the
preprocessed text being formed.

General format:

and half in the other part of the
source program.

The %INCLUDE statement is defined as
follows for these compilers:
%[label:l...

INCLUDE

ddname-1 (member-name-i)
{ member-name-1
,ddname-2

If the source program contained the
following sequence of statements:

(member-name-2)]

[ ,member-name-2

%DECLARE (FILENAMEi, FIIENAME2)
CHARACTER;

t
f

% FILENAME1 = 'MASTER';

Syntax rules:
1.

2.

3.

A "ddname" specifies the ddname
occurring in the name field of the
appropriate DD statement.
Its
associated "member name" specifies the
name of the data set member to be
incorporated.
If" ddname" is omitted"
SYSLIB is assumed, and the SYSLIB DD
stat,ement is required.
A %INCLUDE statement cannot be used in
a preprocessor procedure.

1.

Included text can contain
nonpreprocessor and/or preprocessor
statements.

2.

The included text is scanned, in
sequence" in the same manner as the
source program; that is, preprocessor
statements are executed and
replacements are made where required.

4.

%INCLUDE statements can be nested. In
other words, included text also can
contain ~INCLUDE statements. A %GO TO
statement in included text can
transfer control to a point in the
source program or in any included text
at an outer level of nesting, but the
reverse is not permitted.
An
analogous situation exists for nested
do-groups that specify iterative
execution: control can be transferred
from an inner group to an outer,
containing group, but not from an
outer group into an inner, contained
group.
The maximum permissible depth
of nesting is 49.
Preprocessor statements in included
text must be complete.
It is not
perm:issible, for example, to have half
of a ~IF statement in included text

=

'NEWFILE';

% INCLUDE DCLS;
and if the SYSLIB member name DCLS
contained:

Each "ddname" and "member name" pair
identifies the external text to be
incorporated into the source program.
This external text must be a member of
a parti tioned data set.

General rules:

3.

% FILENAME2

... ,

DECLARE (FILENAME1, FILENAME2)
FILE RECORD INPUT
DIRECT KEYED ENVIRONMENT
(REGIONAL (3) KEYLENGTH(S) F
RECSIZE(SO»;
then the following would be inserted into
the preprocessed text:
DECLARE (MASTER, NEWFILE)
FILE RECORD INPUT
DIREcr KEYED ENVIRONMENT
(REGIONAL (3) KEYLE~TH (8) F
RECSIZE (SO» ;
Note that this is a way in which a
central library of file declarations can be
used, with each user supplying his own
names for the files being declared.

%m~ll

Statement

The %null statement can be used to provide
transfer targets for %GO TO stat.ements. It
is also useful for balancing ELSE clauses
in nested %IF statements.
General format:
% [label: 1 ••• ;

%PROCEDURE
Abbreviation:

%PROC

The %PROCEDURE statement is used in
conjunction with a %END statement to
delimit a preprocessor procedure. such a
preprocessor procedure is an internal
function procedure that can be executed
only at the preprocessor stage.
General format:
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% label:

[label:]...
PROCEDURE
[(identifier [, identifier] ••• )]
RETURNS{CHARACTERIFIXED};

the point from which the preprocessor
procedure was invoked.
General format:

Syntax rules:
1.

2.

Each "identifier" is a parameter of
the function procedure; a maximum of
15 may be specified.
One of the attributes CHARACTER or
FIXED must be specified in the RETURNS
attribute list to indicate the type of
value returned by the function
procedure. There can be no default.

General rules:
1.

The only statements and groups that
can be used within a preprocessor
procedure are:
a.

the preprocessor assignment
statement

b.

the preprocessor DECLARE statement

c.

the preprocessor do-group

d.

the preprocessor GO TO statement

e.

the preprocessor IF statement

f.

the preprocessor null statement

g.

the preprocessor RETURN statement

[label:] ••• RETURN
(preprocessor-expression):
General rule:
The value of the preprocessor
expression is converted to the RETURNS list
of attribute specified in the %PROCEDURE
statement before it is passed back to the
point of invocation. If the point of
invocation is in a nonpreprocessor
statement, replacement activity can be
performed on the returned value after that
value has replaced the procedure reference.
Note that the rules for preprocessor
expressions do not permit the value
returned by a preprocessor procedure to
contain preprocessor statements.

LISTING CONTROL STATEMENTS

%CONTROL

All of these statements and the dogroup must adhere to the syntax and
general rules given for them in this
section, with one exception; all
Eercent symbols must be omitted.
2.

3.

4.

General format:
%CONTROL(FORMATINOFORMAT);
Syntax rules:

A GO TO statement appearing in a
preprocessor procedure cannot transfer
control to a point outside of that
procedure.

1.

TO influence formatting of a listing"
the statement must be on a line with
no other statements.

As implied by general rule 1,
preprocessor procedures cannot be
nested.

2.

The statement will have no effect if
it appears within a comment. The
statement rr.ust not appear in another
statement.

A preprocessor procedure can be
invoked by a function reference in a
preprocessor statement, or, if the
function procedure name is active, by
the encounter of that name in a
nonpreprocessor statement.

Preprocessor RETURN
The preprocessor RETURN statement can be
used only in a preprocessor procedure and,
therefore, can have no leading %. It
returns a value as well as control back to
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The checkout compiler FORMAT option. when
specified, may be activated and deactivated
by the %CONTROL statement. Under the
optimizing compiler, the syntax of the
statement is checked, then it is ignored.
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General rules:
1.

The '-'CONTROL statement has no effect
if the FORMAT compiler option has not
been specified.

2.

The FORMAT compiler option is
nullified if more %CONTROL statements
have been executed with the NOFORMAT
option than with the FORMAT option:
the result is as if the FORMAT option
had not been specified. In all other
cases, the %CONTROL statement has no
effect on the format .•

3.

The statement may be used with or
wi thout the preprocessor.

4.

The %CONTROL statement is printed in
the formatted listing.
It is also
retained in the text passed to the
compiler, but is ignored by the
compiler.

5.

If the preprocessor is used, and a
%CONTROL statement is written on the
same line as one or more other
statements, the preprocessor moves the
%CONTROL so that it is on a line of
its own in the text passed to the
compiler.

moved onto the same line as the first
part if there is sufficient space on
that line, otherwise the concatenated
word is printed at the start of a new
line.

The specified number of lines following a
%SKIP statement in the program listing are
left blank.
General Format
%SKIP ( en) ] ;
synt ax rul es :

The statement following a %PAGE statement
in the program listing is printed on the
first line of the next page.
General format:

1.

TO cause formatting to take place, the
statement must be on a line with no
other statements.

2.

The statement will have no effect if
it appears within a comment. The
statement must not appear in another
statement.

3.

n must be a decimal integer constant
in the range 1 through 999. Omission
of the option is equivalent to
specifying the value 1 for n.

%PAGE;
Syntax ru.l. es :
1.

To cause formatting to take place, the
statement must be on a line with no
other statements.

2.

The statement will have no effect if
it appears within a comment. The
statE~ment must not appear in another
statement.

General rules:

1.

The statement may be used with or
without the preprocessor. It will
control both the insource and the
source listing.

2.

After being put into effect, the ISKIP
statement is not printed by the
preprocessor and is deleted from the
text by the compiler; it does not
appear in the formatted listings.

3.

If the preprocessor is used" and a
%SKIP statement is written on the same
line as one or more other statements,
the preprocessor moves the ISKIP so
that it is on a line of its own in the
text passed to the compiler. The
insource listing is therefore not
formatted, but the source listing is.

4.

When the preprocessor is used, an
identifier that is split across the
end of a line that contains a %SKIP
statement is concatenated to form one
word. The second part of the word is
moved onto the same line as the first
part if there is sufficient space on
that line. otherwise the concatenated
word is printed at the start of a new
line.

General rules:
1.

The statement may be used with or
without the preprocessor.
It will
control both the insource and the
source listing.

2.

After being put into effect, the
%PAGE; is not printed by the
preprocessor and is deleted from the
text by the compiler; it does not
appear in the formatted listing.

3.

4.

If the preprocessor is used, and a
%PAGE statement is written on the same
line as one or more other statements,
the preprocessor moves the %PAGE so
that it is on a line of its own in the
text passed to the compiler. The
insource listing is therefore not
formatted, but the source listing is.
When the preprocessor is used, an
iden1:ifier that is split across the
end of a line that contains a IPAGE
statE~ment is concatenated to form one
word~
The second part of the word is
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5.

If n is greater than the number of
lines renaining on the page, the
equivalent of a %PAGE statement is
executed in place of the %SKIP
statement.
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Section K: Data Mapping

This section describes structure mappi~g
and alignment of records in buffers. The
information is included because, under
certain circumstances, i t should be borne
in mind when a program is being written.
However, the information is not essential
to programmers using stream-oriented
transmission or unaligned data (other than
bit strings); it is intended for those
using record-oriented transmission
(particularly locate mode) with aligned
structures.

Structure Mapping
For any structure. (rna jor or minor), the
length, alignment requirement, and position
relative to a doubleword boundary will
depend on the lengths, alignment
requirements, and relative positions of its
members. The process of determining these
requirements for each level in turn and
finally for the complete structure, is
known as ;structure mapping.
During the structure mapping process,
the compiler minimizes the amount of unused
storage (padding) between members of the
structure. It completes the entire process
before the structure is allocated,
according (in effect) to the rules
discussed in the following paragraphs.
It
is necessary for the user to understand
these r~les for such purposes as
determining the record length required for
a structure when record-oriented
input/output is used, and for determining
the amount of padding or rearrangement
required to ensure correct alignment of a
structure for locate-mode input/output (see
"Record Alignment", at the end of this
section) •
structure mapping is not a physical
process.
Although during this discussion
such terms as "shifted" and "offset" are
used, these terms are used purely for ease
of discussion, and do not imply actual
movement in storage; when the structure is
allocated, the relative locations are
already known as a result of the mapping
process.
The mapping for a complete structure
reduces to successively combining pairs of
items (elements, or minor structures whose
individual mappings have already been
determined). Once a pair has been
combined, it becomes a unit to be paired

with another unit" and so on until the
complete structure has been mapped. The
rules for the process are therefore
categoriz ed as:
Rules for determining the order of
pairing
Rules for mapping one pair
These rules are described below, and an
example shows an application of the rules
in detail.
Note: To follow these rules. it is
necessary to appreciate the difference
between logical level and level number.
The item with the greatest level number is
not necessarily the item with the deepest
logical level.
If the structure
declaration is written with consistent
level numbers or SUitable indentation (as
in the detailed example given after the
rules), the logical levels are immediately
apparent.
In any case, the logical level
of each item in the structure can be
determined by applying the following rule
to each item in turn, starting at the
beginning of the structure declaration:
"The logical level of a given item is
always one unit deeper than that of the
most immediate of its containing
structures. "
For example:
DCL 1 A,

1

4 B,

5 C,

2

3

5 0, 3 E, 8 F, 7 G;
3

2

3

3

The lower line shows the logical level for
each item in the declaration.

RULES FOR ORDER OF PAIRING
The steps in determining the order of
pairing are as follows:
1.

Find the minor structure with the
deepest logical level (which we will
call logical level n).

2.

If the number of minor structures at
logical level n exceeds one, take the
first one of them as it appears in the
declaration.

3.

Using the rules for mapping one pair
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doubleword boundary by the amount
indicated.

(see below), pair the first two
elements appearing in this minor
structure, thus fOrming a unit.
4.

Pair this unit with the next element
Cif any} appearing in the declaration
for the minor structure, thus forming
a larger unit.

5.

Repeat rule 4 until all the elements
in the minor structure have been
combined into one unit. This
completes the mapping for this minor
structure; its alignment requirement
and length, including any padding, are
now determined and will not change
<unless the programmer changes the
structure declaration).
Its offset
from a doubleword boundary will also
have been determined; note that this
offset will be significant during
mapping of any containing structure,
and it may change as a result of such
mapping.

6.

Repeat rules 3 through 5 for the next
minor structure (if any) appearing at
logical level n in the declaration.

7.

Repeat rule 6 until all minor
structures at logical level n have
been mapped. Each of these minor
structures can now be thought of as an
element for structure mapping
purposes.

B.

Repeat the process for minor
structures at the next higher logical
level; that is, make n equal to Cn-1)
and repeat rules 2 through 7.

9.

Repeat rule B until n = 1; then repeat
rules 3 through 5 for the major
structure.

As stated earlier, terms apparently
implying physical storage are used here
only for ease of discussion: the storage
thus implied may be thought of as an
imaginary model consisting of a number of
contiguous doublewords. Each doubleword
has ei.ght byt es numbered zero through 7, so
that t:he offset from a doubleword boundary
caQ be given; in addition, the bytes in the
model may be numbered continuously from
zero onwards, st'arting at any byte, so that
lengths and offsets from the start of a
struct: ure can be gi. ven.
Begin the first item of the pair on a
boundary: or, if the item
structure that has already
been mapped, offset it from the

~oubleword
l.S a minor
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Begin the other item of the pair at
the first valid position following the
end of the first item. This position
will depend on the alignment
requirement of the second item.
Alignment and length requirements for
elements are g.iven in figures K.1 and
K.2.
(If the item is a minor
structure, its alignment requirement
will have been determined already.),

3.

Shift the first item towards the
second item as far as the alignment
requirement of the first item will
allow. The amount of shift determines
the offset of this pair from a
doubleword boundary.

After this process has been completed,
any padding between the two items will have
been minimized and will remain unchanged
throughout the rest of the operation. The
pair can now be considered to be a unit of
fixed length and a.lignment requirement; its
length is the sum of the two lengths plus
padding, and its alignment requirement is
the higher of the two alignment
requirements (if they differ).

EFFECT OF UNALIGNED ATTRIBUTE

RULES FOR MAPPI NJ ONE PAIR

1.

2.
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The example of structure mapping given
below shows the rules applied to a
structure dec lared ALIGNED, because mapping
of aligned structures is more complex owing
to the number of different alignment
requirements. The general effect of the
UNALIGNED attribute is to reduce fullword
and doubleword alignment requirements down
to byte, and to reduce tne alignment
requirement for bit strings from byte down
to bit. The sane structure mapping rules
apply. but the reduced alignment
requirements are used. This means that
unused storage between items can only be
bit padding within a byte, and never a
complete byte; bit padding may occur when
the structure contai ns bit strings.
TASK, EVENT and AREA data cannot be
unaligned. If a structure has the
UNALIGNED attribute and it contains an
element that cannot be unal igned., then
UNALIGNED is ignored for that element: the
element is aligned by the compiler and an
error message is put out. For example, in
a program with the declaration
DECLARE 1 A UNALIGNED,
2 B,
2 C AREA(100);

C is given the attribute ALIGNED, as the
inherited attribute UNALIGNED conflicts
with AREA.•

EXAMPLE OF STRUCTURE MAPPING
This example shows the application of the
structure mapping rules for a structure
declared as follows:
DECLARE 1 A ALIG NED"
2 B POINTER,
2 C,

The minor structure at the deepest
logical level is G, so that this is mapped
first as shown in figure K.3. Then E is
mapped, followed ~ N, S, C, and M, in that
order as shown in figures K.4 through K.8.
Finally, the major structure A is mapped as
shown in figure K.9.
For each structure, a table is given
shOWing the steps in the p:o~ess,
accompanied by a diagram g1v1ng a visual
interpretation of the process. At the end
of the example, the structure map for A is
set out in the form of a table (figure
K.10) showing the offset of each member
from the start of A.

3 D FLOAT DECIMAL(14),
3 E,

4 F LABEL,
4 G,
5 H CHARACTER(2),
5 I FLOAr DECIMAL(13),
4 J FIXED BINARYC31,O),
3 K CHARACTER(2),
3 L FIXED BINARYC20,O),

2 M,
3 N,
4 P FIXED BINARYCS),
4 Q CHARACTERCS),
4 R FLOAT DECIMAL(2),
3 S,

4 T FLOAT DECIMALC1S),
4 U BIT(3),
4 V CHAR(1),
3 W POINTER,
2 X PICTURE '$9V99';
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r---------------~~-----------------~--~~-~------------~~--------~--~-------~-------~-~~-,

Variable
Type

1

I

I

IStored Internally I
I
as
I

storage
Requirements
(in Bytes)

I
1
1 Alignment 1
IRequirementsl

Explanation

1--------------------------------------------------------------------------------------I BIT en)
lone byte for each I CEIL( n/S)
I
I
I
Igroup of S bits I
I
I
I
I (or part thereof) I
I
I
1-------------------------------------------------------I
1
ICHARACTER (n)
lOne byte per
I
n i l
I
Icharacter
I
I
1Data may
1-------------------------------------------------------I
Ibegin on
PICTURE
lOne byte for each INumber of
Byte
lany byte
IPICTURE characterlPICTURE characthrough 7
I (except V, K, andlters other than
Ithe F scaling
IV, K, and F
Ifactor
Ispecification
I specification)
I

°

CEIL( (p+1)/2)

DECIMAL FIXED (p,q) IPacked decimal
Iformat (1/2 byte
Iper digit, plus
11/2 byte for
I sign)
BITCn) VARYING

ITwo-byte prefix I 2+CEILCn/S)
Iplus one byte for I
1each group of S I
Ibits(or part
I
I thereof)
I
--~---------------------------------------------------CHARACTERCn)
ITwo-byte prefix I
2+n
VARYING
I pI us one byte per 1
Halfword
I character
1

------------------------------------------------------BINARY FIXED (p,q) IHalfword
p < =15
Ibinary integer
2
I
p > 15

I
1
I

I
IData may begin
Ion byte 0"2,,
14 or 6

I

1------------------------------------------------------------------IFullword binary
I
I
I integer

I

-------------------------------------

I

I

BINARY FLOAT (p)
p < 22
I Short
-------------------1 floating-point
DECIMAL FLOAT (p)
I
p < 7

1

I

I

I

I
I
I
I
I

I

I

4

Full
word

IData may
Ibegin on
Ibyte
or
4 only

°

I

----------~--------------------------

POINTER1

I

--------------------------~----------

OFFSET1

I

FILE
ENTRY

I

I

-------------------------------------1
I
I
---..
TASK
I
U~L

S

-----~------------------------------------------ --

16

EVENT
32
L--------_-___________________________________________
--------------- __________________1
Figure K.l (Part 1 of 2).
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r---~----------------------~---~----~-~------------------------------------~-----------~,

Variable
Type
BINARY F'LOAT (p)
21 < p < 54

I
I
IStored Internally I
I
as
I

storage
Requirements
(in Bytes)

I

I Long

-------------------1
floating-point
DECIMAL FLOAT (p)
I
6 < p < 17

BINARY F'LOAT (p)
53 < p < 110

8

Double
word

I

16

I

AREA

Explanation

I Data may
Ibegin on
Ibyte 0
lonly

I
I
I
I
I
I
I
I
I

I Extended

-------------------1I floating-point
DECIMAL FLOAT(p)
16 < p < 34

I
I
I Alignment I
IRequirementsl

I 16+size

iLocators (pointers and offsets) used in programs processed by the checkout compiler
can be 4 or 16 bytes long. The mapping of four-byte locators is described here; the
mapping of 16-byte locators is identical except for the extra storage requirement.

l----------------------_______________________________ -------------______________ . ______
Figure K.l (Part 2 of 2).
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r-----·--~------~-------·---~-----------------------·---~-----------~-------~------------,

Variable
Type
BIT (:n)

CHARACTER (n)

I
I
Istored Internally 1
I
as
I

n bits

lAs many bits as
lare required,
Iregardless of
Ibyte boundaries
lone byte per
I character

Storage
Requirements
(in Bytes)

I
I
1 Alignment I
IRequirements I
IBit

1
I
I
n
I

Explanation

IData may begin
Ion any bit in
lany byte 0
Ithrough 7

I
I

-------------------------------------------------------I
PICTURE
lOne byte for each I Number of PICTURE
IPICTURE character I characters other
I (except V or K)
Ithan V or K
BIT(n) VARYING

I Two-byte prefix 1
Iplus one byte forl2 bytes + n bits
leach group of 8 1
Ibits (or part
1
I
1thereof)

CHARACTER (n)
VARYING

ITwo-byte prefix I
Iplus one byte perl
I character
I

2+n

DECIMAL FIXEDCp,q)

IPacked decimal
I CEIL«p+1)/2)
Iformat (1/2 byte 1
Iper digit, plus I
11/2 byte for
1
I
1sign)
-------------------------------------------------------IByte
BINARY FIXED (p,q) IHalfword binary I
1
p < = 15
Iinteger
I
2
1
p

> 15

1---------------------------------1I
IFullword binary
1integer

------------------------------------BINARY FLOAT (p)
I
p < 22
1Short

-------------------1I floating-point

I

1
4

I
I
I

I
------------------------------------POINTER
I

I
I
II

-------------------------------------

I

-------------------------------------

I

DECIMAL FLOAT (p)
p < 7

OFFSET

Data may begin
on any byte 0
through 7

I

I

FILE
I
I
L-----·---------------------------------------------------------_________________________
Figure K.2 (Part 1 of 2).
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r--------·--------~----------------------------------~-----~--------~---~----~--------~--,

1

Variable
Type
ENTRY

1

IStored Internally 1
1
as
1

1

storage
Requirements
(in Bytes)

1

I

1 Alignment I
1Requirements 1

Explanation

1

-------------------------------------1
LABEL
1
1
-------------------------------------1
BINARY E'LOAT (p)
1
1
21 < p < 54

1Long

--------·-----------1 floating-point
I

DECIMAL FLOAT (p)
6 < p < 17

1

BINARY E'LOAT (p)
53 < p <110

I Extended

1

8

I

-------------------11floating-point
DECIMAL FLOAT(p)

16 < p < 34

1

1

16

I

Note: TASK, EVENT, and AREA data cannot be UNALIGNED. A pointer or offset can be 4 or
- - - 1.6 bytes long (see figure K.1).

l--------.-----------------------________________________________________________________
Figure K.2 (Part 2 of 2).
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r------------------------~-------------------------------'--------------,

I

I

Name of
Item

IOffset froml

I

1 Alignment 1 Length IDoubleword I Length of 1
1 Requirement 1
1-----------1 Padding I
1
I
IBeginl End 1
1

Offset from
G

----------------------------------------------------------------------

Step 1

H
I

ste p 2

Byte
Double

*H

Byt e
Do ub Ie

I

2

1 0

1

8

1

0

7

2
8

1

1

6

1 0

7
7

1
1

I

1

0

1

0
2

-------------------~---------------------------------------~----------

G
I Do ub Ie
1 10
1 6 1 7 1
L------------------------------------------------------__
,1______________

*First item shifted right

H
Step

I

I

H

I

~,

A

Step 2

...

G
Figure K.3.
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J

~----------------------------------------------------------------------,

1

1
1
IOffset froml
I Name of I Alignment I Length IDoubleword I Length of
I Item
I Requirement I
1----------- Padding
I
1
1
IBeginl End

Step 1
Step 2

Word
Double

10

0
6

*F

Word
Double

8
10

4
6

G

step 3

B

F
G

I

I
I
1

7
7
3
7

2

0
10

0

20

I

F
through

1

Double

G

20

Word

J

._-------E

1

Offset from
E

4

4
0

1

7

1

3

I

-------------------------------------------------~---- ------

Double

L----------~----------

I 24
I 4 I 3 1
1
_________________________________________________

J

*First item shifted right

F
Step

G

0

G

F

o

Step 2

F

G

J

o

Step 3

I

E
Figure K.4.

Mapping of minor structure E
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r-·--------------------------------------------------------------------,
1
1
IOffset from 1
1
Name of 1 Alignment 1 Length IDoubleword 1 Length of I Offset from
Item
1 Requirement 1
1-----------1 Padding I
N
1
I
IBeginl End 1
1

step 1

------------------------------~---~----~---------------~~------------p
Halfword
2
0 I 1
0
Q
Byte
5
2
2
1 6

Step 2

P

through

Halfword

7

0

Q

R

Word

4

0

1
I
I

6

1

3

1

1

8

----------------------------------------------~----------~-------~-~-N
I
Word
1 12
I 0 1 3 1
1
L------_______________________________________________
-----------------J

Step

I

P
,...."........---Q

Step

R

.

2
,

N
Figure K.5.
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r----------------------------------------------------------------------,
1
I
IOffset from 1
1
Name of 1 Alignment 1 Length IDoubleword I Length of I offset from
Item
I Requirement 1
1-----------1 Padding'
S
I
1
IBeginl End 1
I
step 1
step 2

---------------------------~----------------~--------------~-------~--

T
U

Double.1
Byte
1

8
1

0
0

I
1

1

I

I

I

T I l
through
Double
I
9
0 I
U

Byt e l l

V

1

1

7
0

0

1
1

0
8

I

I
I
I

0
1

0

I

9

-------------------------------------------~----~----------~----------

s
1
Doubl e l l 0
1 0 I 1
1
L- ____________________________________________________

1

~----------------J

T
r

Step

o

I

T
Step 2

,

,

S
Figure K.. 6.

Mapping of minor structure S

Section K:

Data Mapping

479

r-----------------------------·----------------------------------------,
I
I
IOffset froml
I
Name of I Alignment I Length IDoubleword I Length of I offset from
Item
I Requirement I
I---------~Padding I
C
I
I
IBeginl End
I

Step 1

--------- -----------------------------7
0
8
D

E
step 2

D
through
E

24

4

3

Double

36

0

3

2

4

5

38

0

5

Byte

K

Step 3

Double
Double

----------------------~--

o

4

12

o

36

0

through

Double

K
2
40
3
4
0
Word
L
--------------------------------~--------------------- ---------------C
I
Double
I 44
I 0 I 3 I
I

L-----------------------------------------------------_________________
D
,

Step

A

E (Ienqth 24)
,

,

A

E (Ienqth

D
A

\

,

r

,A,

24)

K

,~

31---r
1 1---r
O'----"r
2 1---r
41
I0 II 1213141s1617 ~ 41S Atr-7......
10 ""-11'--12 '--131""""41"--5Ir- -Ib' '--'71----"r
~51---b1T

2

E (lenqth 24)

D
Step

•

IOII121314IsI617~4Is~A7IOII121314ISI b171°111213141Slb1T

I

,

Step

J

K

L

3

,

c
Figure K.7.
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r--·-----------------~-------~---~---------~--~----~---------~----------,

I

Name of
Item

I

IOffset from I
I
Length IDoubleword 1 Length of 1 Offset from
1-----------1 Padding 1
M
I
IBeginl End 1
I

1 Alignment I
1 Requirement 1
I

Step 1

S

Word
Double

12
10

0
0

3
1

*N
S

Word
Double

12
10

4
0

7
1

N
t:hrough

Double

22

4

1

4

~

7

N

Step 2
step 3

S

W

I

0

I
I
1
I
1

0
12

I

Word

2

I
I
1

24

- .. ----------~--------------------------------------------~-------~-M
I
Double
1 28
I 4 1 7 I
1
L- •• -------------------------------------------------- __________________ J

*First item shifted right

s

N

Step

I

0

N

S

N

S

Step 2

w

Step 3

...
M
Figure K.8.

Mapping of minor structure M
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r----------------------------------------------------------------------,
(
1
(Offset from 1
1
Name of 1 Alignment (Length (Doubleword 1 Length of ( Offset from
Item
1 Requirement 1
1----------- Padding 1
A
(
I
IBeginl End
I

step 1

3
3

o

4

7
3

48

4

3

Double

28

4

7

Double

76

4

7

4

o

3

Word
Double

4
44

*B
C

Word
Double

44

B
through

Double

Step 2
step 3

o

B
C

4

o

o

o

4

C

M

step 4

o

48

o

76

B

through
M
X

Byte

A
1
Do ub Ie
I 80
I 4 ( 3 I
I
L-------------------------------______________________
-----------------J

*First item shifted right

B

,
Step

I

,..

C (length 44)
~

~

,
3 !4--'-s""'-lb--'3 1r---1
s l---r
b 1-'-710--'-1""'12--'
4 1r--T
17 1'----'01---"11--'-21--r-1° II 1213141s1 b 171 ° II "dI--1 -13-'--!4"""-ls-'-b-1-'-7-r--1
°
l

B

Step

C

2

B
,

Step 3

1011

C
.,

•

M (length 28)
",

...

1 1-'213-'!4-'IS-'l b"17'-10
121314IsI617IOII)(j1314IsI617IOllyrj1~3r-14~151~61~71-'01 -0

,
Step 4

A

B

C

.....,

A . A

M
£,
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A

l

1011 121314ISI6171°IIJ(,d314ISI6171°11J{j1314ISI6171°11 121314 1s b 171°

A (length 80)
Figure K.9.

X

.....
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~------------------------.-.,

r-----------------·~--------A
B

From A

o

From C

C

o

D

padding (4)
F
padding (2 )

8

From
0
2

H
I

J

G

10
10
12
20

R

padding (2)

12
12
20
22
22

I,

From N

24

28

32

36

36

40
42
44

o

P

o

o

Q

2
7
8

7
8

padding(l)
R

2

padding (2)

12
12
20
21
22

W

24

From S

S

o

T
U
V

24

26
26

38
40
From M

M

N

12
16
16

8

From E
0

E:
G

4
4

8
9

48
48
48
50
55
56
60
60

68
69
70
72
76

X
L---------·----------------------_____________________
----------___________ --------_____

Figure K.l0.

offsets in final mapping of structure A
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Record Alignment

from the buffer to correctly aligned
storage.

The user must pay attention to record
alignment within the buffer when using
locate mode input/output. The first data
byte of -the first record in a block is
generally aligned in a buffer on a
doubleword boundary (see figure K.14); the
next record begins at the next available
byte in the buffer. The user must ensure
that the alignment of this byte matches the
alignment requirements of the based
variable with which the record is to be
associated.
For blocked records, doubleword
alignment of the first byte of data in each
record in the block is ensured if the
record length (RECSIZE) is a multiple of
eight. For spanned records" the block size
(BLKSIZE) must be a multiple of eight if
this alignment is required. For data read
from ASCII data sets, the first byte of the
block prefix is doubleword-aligned; to
ensure similar alignment of the first byte
of the first record, the prefix length must
be a multiple of eight bytes" less four to
alla-T for the four record length bytes.
Most of the alignment problems
described here occur in ALIGNED based or
non-based variables. If these variables
were UNALIGNED, the preservation of the
record alignment in the buffer would be
considerably easier.
If a. VB-format record is to be
constructed with logical records defined by
the structure:
1 S,

2 A CHAR (1 ),
2 B FIXED BINARY(31,0);
this structure is mapped as in figure K.ll.

r-----------------------,

I
IA I
B
I
I--J--J--------J--J--J--I
t

t

t

W

W

W

W =

Word boundary

Figure K.ll.

Format of Structure S

If the block was created using a
sequence of WRITE FROM(S) statements, the
format of the block would be as in figure
K.12, and it can be seen that the alignment
in the buffer differs from the alignment of
S.

There is no problem if the file is then
read using move mode READ statements, e.g.,
READ INTO(S), because information is moved

484
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If, however"

a structure is defined as:

1 SBASED BASED(P) LIKE S;
and READ SET (P) statements are used,
reference to SBASED.B will, for the first
record in the block, be to data aligned at
a doubleword plus one byte, and will
probably result in a specification
interrupt.
The same problem would have arisen had
the file originally been created by using
the statement:
LOCATE SBASED SET(P);
Again, for the first record in the
block, P would be set to address a
doubleword and references to SBASED.B would
be invalid.
In both cases the problem is avoided if
the structure is padded in such a way that
B is always correctly aligned:
1

s,'

2 PAD CHAR (3),
2 A CHAR(l),
2 B FIXED BINARY:

The block format would now be as in figure
K.13; B is always on a word boundary.
Padding may be required at the beginning
and end of a structure to preserve
alignment.
The alignment of different types of
record within a buffer is shown in figure
K.14. For all organizations and record
types, except FB, V and VB records in
INDEXED data sets with KEYLOC = 0 or
unspecified" the first data byte in a block
(or hidden buffer) is always on a
doubleword boundary. The position of any
successive records in the buffer depends on
the record format.
For INDEXED data sets with unblocked Fformat records" the LOCATE statement will
use a hidden buffer if the data set key
length is not a multiple of eight and the
KEYLOC value is 1" 0 or is not specified
(that is, RKP = 0). The pointer variable
will point at this hidden buffer.
A special problem arises when using
locate mode input/output in conjunction
with a based variable containing adjustable
extents, i.e., containing a REFER option.
Consider the following structure:
1 S BAS ED ( P) ,

2 N,
2 C CHAR (L REFER (N»;

If it is desired to create blocked V-format
records of this type, using locate mode
input/output, record alignment must be such
that N is half-word aligned. If L is not a
multiple of 2 then, if the alignment of the
current record is correct, that of the
following record will be incorrect.
Correct alignment can be obtained by the
following sequence:

LENGTH = Li
/* SAVE DESIRED LENGTH L */
L = 2* CEIL(L/2)i
/* ROUND UP TO MULTIPLE OF 2*/
LOCATE S FILE (F)i
N = LENGTH:
/* SET REFER VARIABLE */
This technique can be adapted to other
uses of the REFER option.

r--------------------------------------------------------------------------I
BL
I
RL
IA I
B
I
RL
IA I
B
I
I--J--J--J----_J--J-~--------J--J--J-----J-~J-~J--------J--J--J------------

t

t

t

t

t

t

D

W

D

W

D

W

D

BL
Block length
RL = Record length
Figure K.12.

Doubleword boundary

W = Word boundary

Block created from structure S

r--------------------------------------------------------------------------------------BL
I
RL
I
P AD I A I
B
I
RL
I
PAD I A I
B
I

I

I--J--J--J-----J--J--J---__ J__ J________ J __ J __ J _____

t
D

BL
RL

t
W

t
D

Block length
Record length

Figure K.13.

D

W

t

W

t
D

~--J--J-----J--J--------J--J--I------

t

t

t

W

D

W

= Doubleword boundary
Word boundary

Block created by structure S with correct alignment

Section K:

Data Mapping

485

CONSECUTIVE

Doubleword
boundary

F,V,VS,D,U

data

I

FB

data

I

data

I

VB, VBS ,DB
...-data~

~data

_____

INDEXED
KEYLOC
F

RKP

1

o

EKI
I
......-data____.

>1

>0

IEKI
I
...-data----.

o

o

I
~data~

o

l~B

>1

EKI
IEKI
I
----da ta----.....-- da ta _____

>0
~da

o

ta______ ~ da ta ______

o
~data-..

v

4

>1

>4

~data~

I

EKI
____ d at a--....
IEKI

I

...--data~

o

I

4

...--data_..

I

4

VB

____ data~ ...... data ___
>1

I

>4
~data______

o

_____data~

I

4

..-data-..REGIONAL
I!", V, VS, U

data

I

Notes:
1. EK = embedded key
K = key
1 = record length
2. I~ach I/O operation sets the pointer to the beginning of the data in the records.
3. For CONSECUTIVE data sets with VBS-format records, if the record length is greater
than the block size, the record is moved to a hidden buffer, with the first data
byte on a doubleword boundary.
Figure K.14.
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Alignment of data in a buffer in locate mode input/output, for different
formats and data set organizations
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Section L: Compiler Differences

The tables in this section list the
principal differences between the
optimizing and checkout compilers.
Figure L.i gives the differences that
arise from the differing functions of the
two compilers. There are, for instance,
keywords concerned with the checkout and
conversat:iona 1 facili ties of the checkout
compiler that are not implemented by the
optimizing compiler, and optimization
keywords that are not implemented by the
checkout compiler.

Figures L.2 and L.3 show differences
that db not arise directly from differing
compiler functions.
Figure L.2 contains
general syntactic and semantic differences,
and figure L.3 shows differing quantitative
restrictions on the use of various
facilities of the language.

The section is applicable only to
error-free programs processed in batch
mode.
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r-------------~----------------------·~-------------------------~~-~--~------~----------,

Language feature

I
I

Optimizing compiler
implementation

I
I

Checkout compiler
implementation

----------------------------------~------------------~.--------~----------~------------

Statements:

Syntax-check only

c~cr

NOCHECK
FLOW
NOFLOW
PUT SNAP
PUT FLOW
PUT ALL
HALT
%CONTROL

I
I
I
I
I
I
I
I
I
I

Implemented

--------------------------~-------------------------------------------------------~----

ATTENTION condition

Syntax-check only

I

Implemented

Options:
ORDER
REORDER
TOTAL

Implemented

I
I
I
I

Syntax-check only

------------------------------------------~~---------- ---------------------------------

Buil t.-in subroutines:

Implemented

PLIcrPr

PLIREST
PLICANC

I
I
I
I

Syntax-check only

----------------------------------------------~------~-------------------~~-----~------

PUT DATA statement and
CHECK prefix
specifying program
control data

Names of variables only
transmitted

I
I
I
I

Names and values of
variables transmitted

--------------------------------------------------~--- ---------------------------------

PUT LIST statement
specifying program
control data

Invalid

I
I
I

Values of variables
transmitted

------------------------------------------------~-~--.--------~~--~--~--~---~----------

Lengths of pOinter and I
offset variables
I

4 bytes

I
I

I
I
I
I

With COMPATIBLE compiler
option: 4 bytes
With NOCOMPATIBLE compiler
option: 16 bytes

-----------------------------------~-----------------~-------------------------~--~----

Oncodes

I
I
I
I

Certain codes not
implemented (See list
in section H, "Onconditions").

All oncodes implemented

I
L-----------------------______________________________ ------____________________________
Figure L.l.
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r----------------------~---------------~~------------------~-------~---------~----------,

Language feature

I

'Optimizing compiler
I
implementation

Based variable in data-I
directed I/O and CHECK ,
name-list
,
,
,
I

I

I

I
I

,

1 Must not be based on an
offset variable.
2 Must not be a member of
a structure containing
the REFER option.
3 Must not be based on a
pointer that is based,
defined, or a parameter,
or a member of an
aggregate.

Checkout compiler
implementation

No corresponding rules

,
I
,
I
,

I
I
I
I
I

-----------------------------------------------~-------~------~-------~------------~---

Defined variable in
data-directed I/O and
CHECK name-list

I
I
I
I
I
,

I

Must not be defined:
1 on a controlled variable.
2 on an array with one or
more adjustable bounds.
3 with a POSITION attribute specifying other
than a constant.

I
I
I
I
I
I
I

No corresponding rules

,,
I,
,,,
I,
I,
,

------~---,-----------------------------------~--~----------------------------------~---

CHECK prefix specifying'
label of statement to I
which prefix is
,
attached
,

CHECK raised for the
label

CHECK not raised for
the label

------------------------------------------~-----.-~----~---------~~--------------------

No corresponding rule

LIKE attribute
specifying a minor
structure that is
contained in a major
structure of which
some other minor
structure is declared
wi th LI KE: a ttr ibute

Not allowed

Area variable in an
I
OFFSET attribute eitherl
in DECLARE statement or'
RETURNS a.ttribute or
,
option
I

Must be non-defined,
unsubscripted"
unqualified area name

No corresponding rule

Area variable in OFFSET I
attribute in parameter ,
descriptor
I

Not allowed

No corresponding rule

Data-directed output
of dimensioned
structure

Output in row major order
for each array

Output as interleaved arrays
in row major order

Exponentiation
I
See section F" figure f.4d
L-----------------------------------------------------__________________________________
Figure L.2 (Part 1 of 2).

Differing qualitative restrictions

Section L:

Compiler Differences

489

J

r---------------------------------------------------------------------------------------,
Language feature
1
Optimizing compiler
1
Checkout compiler
1
1

implementation

1

1

be created

1

assumed to match argument:
dummy never created

I

implementation

I

-----.----------------------------------------------------------------------------------1
Aggregate argument to I
Dummy argument cannot be
I
No corresponding rule
1
generic entry name

1

-----.----------------------------------------------------------------------------------1
Parameter string length 1
Length or size attribute
1
Dummy created if length or 1
or area size specified I
as o·ther than decimal
I
integer constant
I

I

size differs frorr argument

1

1

I

I

-----.---------------------------------~------~----~-- ----------------------------------

Attributes of entry
argument and parameter
differ in alignment
only

I
I

No dummy argument

1
I

I
I

Dummy argument created

I
1

Pseu(jovariables:
COMPLETION
COMPLEX
PRIORITY
STRING

Not allowed as control
variables for do-groups

UNDEFINEDFILE condition
in OPEN statement
specifying more than
one file name

Raised once, after
attempting to open every
file

I

No corresponding rule

1

I
I
I

--------------------------------------------------------------------------------------------------------------Standard default files

1

I
I

Raised at each attempt to
open a file that is undefined

--------------------------------------------------~--- --------

No corresponding rule

SYSIN and SYSPRINT

Locator conversion
(offset to pointer and
vice versa)

I

1 If offset is a structure
member, or if it appears
in a DO statement or
multiple assignment, the
associated area must be
a non-based, non-defined
element variable. If the
area is based, its
locator must be an unsubscripted, non-based,
non-defined pointer, and
it must not be used to
explicitly qualify the
area in the offset
declaration.
2 Locator conversion cannot be performed between
argument and parameter:
both must be either
offset or pointer.

I
I
I
I
I
I
I

Used by compiler. Must not
be declared with attributes
conflicting with compiler
requirements. SYSPRI.NT
always open, therefore no
new page started for
program's output
No corresponding rules

l--------_____________________________________________ -----------------_________________
Figure L.2 (Part 2 of 2).
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J

r----------------------------·----------------------------------------------------------,
Language feature
I
Optimizing compiler
I
Checkout compiler
I

I

implementation

implementation

-------------------------~-----------------------------------------~-------------------

Maxim urn n umber of
blocks in one
compila t~ion

I
I
I

255

Maximum level of
nesting of blocks

50

Maximum number of
active on-units

No corresponding rule

I
I

No corresponding rule

49 in any block
254 in any compilation

I
I

No corresponding rule

Maximum level of
nesting of DO and IF
statements

49

I
I
I

No corresponding rule

Maximun level of
dependency in DECLARE
statement

1, except that an adjustable bawd may not depend on a defined variable whose base:
1. is a parameter"
2. is automatic with
adjustable extents,
or 3. has fixed subscripts

Maximum number of
entries in list of
constant~s in
declaration of COBOL
variable

125

---------,-------------------------------------------------------------------------------------------------------------------------------------------------------------------No corresponding rule

I
I
I
I
I

No corresponding rule

--------~--------------------------------~------------ ---------------------------------

I
I
I

Depends on storage available, but never less than
10

Maximum length of
charactE~r-str ing
picture data

I
I
I

Depends on storage available, but never less than
1023

32767

Maximum number of
subscripted label
variables or
subscripted label
prefixes in one block

I
I
I
I
I
I
I
I
I
I

400 maximum. The exact
number depends on the main
storage available to the
compiler, and is one tenth
of the spill file record
size. The maximum of 400
is obtained when the size
of main storage available
to the compiler is greater
than SOk bytes
I

No corresponding rule

Maximum level of
locator qualification

I
I
I

No corresponding rule

--------_._-----------------------------------------------------------------------------

L----------------------------_________________________ ----------------------------------J
Figure L.3.
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Glossary

access: the act that encompasses the
references to and retrieval of data.
action specification: in an ON statement,
the on-unit or the singl e keyword SYSTEM,
either of which specifies the action to be
taken whenever an interrupt results from
raising of the named on-condition. The
action specification can also include the
keyword SNAP.
activate (a block): to initiate the
execution of a block. A procedure block is
activated when it is invoked at any of its
entry points; a begin block is activated
when it is encountered in normal flow of
control, including a branch.
activation (of a block):
1.

The process of activating a block.

2.

The execution of a block.

activation (of a preprocessor variable or
entry name):
the establishment of the
validity for replacement of the value of a
variable or the returned value of an entry
name. The first activation must be the
result of the appearance of the name in a
%D~CLARE statement.
If an active variable
or entry name is made inactive by a
~DEACTIVATE statement i t may be activated
again by a %ACTIVATE statement.
active:
1.

The state of a block after activation
and before termination.

2.

The state in which a preprocessor
variable or preprocessor entry name is
said to be when its value can replace
the corresponding identifier in source
program text.

3.

4.

The state in which an event variable
is said to be during the time i t is
associated with an asynchronous
operation. An event variable remains
acti ve and, hence, cannot be
associated with another operation
un til a WAIT sta tement specifyi ng that
event. variable has been executed or,
in the case of an event variable
associated with a task, until an EXIT,
RETURN, or END statement has caused
termination of the task.
The state in which a task variable is
said to be when its associated task is
attached.

5.

The state in which a task is said to
be before it has been terminated.

additive attributes: attributes for which
there are no defaults and Which, if
required, must always be added to the list
of specified attributes or be implied
(i.e., they have to be added to the set of
attributes, if they are required).
address: a specific storage location at
which a data item can be stored.
adjustable extent: bound (of an array).
length (of a string) " or size (of an area)
that may be different for different
generations of the associated variacle.
Adjustable bounds, lengths, and sizes are
specified as expressions or asterisks (or
by REFER options for based variables),
which are evaluated separately for each
generation. They cannot be used for static
variables.
aggregate:

see data aggregate.

aggregate expressions: an array expression
or a structure expression.
alignment:
the storing of data items in
relation to certain machine-dependent
boundaries.
allocated variable:
a variable with which
main storage has been associated and not
freed.
allocation:
1.

The reservation of main storage for a
variable.

2.

A generation of an allocated variable.

alphabetic character: any of the
characters A through Z of the English
alphabet and the alphabetic extenders #, $,
and ~ (which may have different graphic
representation in different countries).
alphameric character:
character or a digit.

an alphabetic

alternative attribute: an attribute that
may be chosen from a group of two or more
alternatives.
If none is specified, a
default is assumed.
ambiguous reference: a reference that is
not sufficiently qualified to identify one
and only one name known at the point of
reference.
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ancestral task:
the attaching task or any
of the tasks in a direct line from the
given task to, and including, the major
task.
area:
a declare:] portion of contiguous
main storage identified by an area variable
and reserved, on allocation, for the
allocation of base:] variables.
area variable:
a variable with the AREA
attribute; its values may only be areas.
an expression in an argument
list as part of a procedure reference.

argum~nt:

argument list: a parenthesized list of one
or more arguments, separated by commas,
follow'ing an entry-name constant, an entryname v'ariable, a generic name, or a builtin function name. The list is passed to
the parameters of the entry point.
arithmetic constant: a fixed-point
constant or a floating-point constant.
Althou.gh most arithmetic constants can be
signed, the sign is not part of the
constant.

evaluation yields an array of values.
array of structures: an ordered collect~ion
of identical structures specified by giving
the dimension attribute to a structure
name.
assignment: the process of giving a value
to a variable.
asynchronous operation:
the overlap of an
input/output operation with the execution
of statements or the concurrent execution
of procedures using multiple flows of
control for different tasks.
attachment of a task: the invocation of a
procedure and the establishment of a
separate flow of control to execute the
invoked procedure Cand procedures it
invokes) asynchronously with execution of
the invoking procedure.
attention:
an occurence, external to a
task, that could cause an interrupt to the
task.
attribute:

arithmetic conversion: the transformation
of a value from one arithmetic
representation to another.
arithmetic data: data that has the
characteristics of base, scale, mode, and
precision. It includes coded arithmetic
data and pictured numeric character data.

1.

A descriptive property associated with
a name to describe a characteristic of
items that the name may represent.

2.

A descriptive property used to
describe a characteristic of the
result of evaluation of an expressi.on.

arithmetic operators: either of the prefix
operat,ors + and -, or any of thf' following
infix operators: + - * / **

automatic storage ~llocation: the
allocation of storage for automatic
variables.

arith~etic

automatic variable: a variable that is
allocated automatically at the activation
of a block and released automatically at
the termination of that block.

picture data: decimal picture
data or binary picture data containing the
following types of picture specification
characters.
1.

Decimal digit characters.

2.

Zero-suppression characters.

3.

Sign and currency sympol characters.

4.

Insertion characters.

5.

Commercial characters.

6.

Exponent characters.

array: a named, ordered collection of data
elements, all of which ha ve identical
attributes.
An array has dimensions
specified by the dimension attribute, and
its individual elements are referred to by
subscripts. An array can also be an
ordered collection of identical structures.
array expression:
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base: the number system in terms of whi.ch
an-arithmetic value is represented.
base el ement: the name of a structure
member that is not a minor structure.
base item: the automatic, controlled, or
static variable or the parameter upon which
a defined variable is defined,. The name
may be qualified and/or subscripted.
based storage allocatiqrr:
the allocation
of storage for based variables.
based variable:
a variable whose
generations are identified by locator
variables. A based variable can be used to
refer to values of a variable of any
storage class; it can also be allocated and
freed explicitly by use of the ALLOCATE and
FREE statements.

begin block:
a collection of statements
headed by a BEGIN statement and ended by an
END statement that is a part of a program
that delimits the scope of names and that
is activa'ted by norqtal sequential flow of
control, including any branch resulting
from a GO TO statement.
binary:
the number system based on the
number 2.
bit:

CR (credit).

2.

DB (debit).

3.

T, I, and R, the overpunched-sign
characters, which indicate that the
associated position in the data item
contains or may contain a digit with
an overpunched sign and that this
overpunched sign is to be considered
in the character string value of the
data item.

a binary digit (0 or 1).

bit strinq:
more bits ..

a string composed of zero or

bit-string operators:
the logical
operators -. (not) " & (and), and I (or).
block:

1.

comparison operators: infix operators used
in comparison expressions. They are -.<
(not less than), < (less than), <= (less
than or equal to), -.= (not equal to),
(equal to), >= (greater than or equal to),
> (greater than), and -.> (not greater
than) •

a begin block or procedure block.

block heading statement: the PROCEDURE or
BEGIN statement that heads a block of
statements.
bounds:
the upper and lower limits of an
array dimension.
buffer: intermediate storage., used in
input/output operations, into which a
record is read during input and from which
a record is written during output.
built-in function: a function that is
supplied by the language.
call:
(verb) to invoke a subroutine by
means of the CALL statement or CALL option;
(noun) such an invocation.
character set:
a defined collection of
characters. See language character set and
data character set.
character string: a st~ing composed of
zero or more characters.
character··striag picture data: data
described by a picture specification which
must have at least one A or X picture
specificat.ion character.
closing (of a file): the dissociation of a
file from a data set.
coded arithmetic data: arithmetic data
that is stored in a form that is
acceptable, without conversion, for
arithmetic calculations.
comment: a string of zero or more
characters used for documentation, that is
preceded by /* and terminated by * / and
which is a separator.
commercial character: the following
picture· specification characters;

compile time: in general, the time during
which a source program is translated into
an object module. In PL/I, it is the time
during which a source program can be
altered (preprocessed), if desired, and
then translated into an object program.
compile-time statements:
statements.

see preprocessor

complex data: arithmetic data" each item
of which consists of a real part and an
imaginary part.
composi te operators: an operator ccmp(Jsed
of two operator symbol s, e. g., .,>
compound statement: a staterrent that
contains other statements.
IF and ON are
the only compound statements.
concatenation: the operation that joins
two strings in the order specified, thus
forming one string whose length is equal to
the sum of the lengths of the two strings.
It is specified by the operator II.
c ondi ti on:

see on- condi tion s.

condition list:
a list of one or more
condition prefixes.
condition name:
a language keyword (or
CONDITION followed by a parenthesized
programmer-defined name) that denotes an
on-condition that might arise within a
task.
condition prefix:
a parenthesized list of
one or more language condition names,
prefixed to a statement. It specifies
whether the named on-conditions are to be
enabled.
connected reference: a reference to
connected storage~ it must be apparent,
prior to execution of the program, that the
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storage is connected.
connected storage: main storage of an
uninterrupted linear sequence of items that
can be referred to by a single name.
constant: an arithmetic or string data
item that does not have a name and whose
value cannot change: an unsubscripted label
prefix or a file name or an entry name.
contained text:
all text in a procedure
(including nested procedures) except its
entry names and condition prefixes of the
PROCEDURE statement: all text in a begin
block except labels and condition prefixes
of the BEGIN statement that heads the
block.
Internal blocks are contained in
the external procedure.
contextual declaration: the appearance of
an identifier that has not been explicitly
jeclared, in a context that allows the
association of specific attributes with the
identifier.
contrql format item: a specification llsed
in edit-directed transmission to specify
positioning of a data item within the
stream or printed page.
control variable:
a variable used to
control the iterative execution of a group.
See i t~erati ve do-group.
controlled parameter: a parameter for
which the CONTROLLED attribute is specified
in a declare statement; it can be
associated only with arguments that have
the CONTROLLED attribute.
controlled storage allocation: the
allocation of storage for controlled
variables.
controlled variable:
a variable whose
allocation and release are controlled by
the AI.LOCATE and FREE statements, wi th
access to the current generation only.
conversion:
the transformation of a value
from one representation to another to
conform to a given set of attribut~s.
cross section of an array: the elements
represented by the extent of at least one
dimension (but not all dimensions) of an
array. An asterisk in the place of a
subscript in an array reference indicates
the entire extent of that dimension.
cur-rent generation: that generation (of an
automatic or controlled variable) currently
available by reference to the name of the
variable.
data:
representation of information or of
value in a form suitable for processing.
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data aggregate: a logical collection of
two or more data items that can be referred
to either collectively or individually; an
array or structure.
data character set: all of those
characters whose representation is
recognized by the computer in use.
data-directed transmission: the type of
stream-oriented transmission in which data
is transmitted as a group, comprising one
or more items separated by commas or
blanks, t.erminated by a semicolon, where
each item is of the form:
name

= value

The name can be qualified and/or
subscripted.
data format item: a specification used in
edit-directed transmission to describe the
representation of a data item in the
stream.
data item: a single unit of data; it is
synonymous with element.
data list: a parenthesized list of
expressions or repetitive specifications,
separated by corrmas, used in a streamoriented input or output specification that
represents storage locations to which data
items are to be assigned during input or
values which are to be obtained for output.
data set: a collection of data external to
the program that can be accessed by the
p~ogram by reference to a single file name.
data~ecification:

the portion of a
stream-oriented data transmission statement
that specifies the mode of transmission
(DATA, LIST, or EDIT) and includes the data
list (or lists) and, for edit-directed
mode, the format list (or lists).
data stream: data being transferred from
or to a da ta set by stream-oriented
transmission, as a continuous stream of
data elements in character form.
data transmission: the transfer of data
from a data set to the program or vice
versa.
deactivated: the state in which a
preprocessor variable or entry name is said
to be when its value cannot replace the
corresponding identifier in source program
text.
decimal:
the number system based on the
number 10.
decimal digit character: the picture
specification character 9.

decimal picture data: arithmetic picture
data specified by picture specification
charactel~ containing the following types
of picture specification characters:
1.

Deci.mal digit characters.

2.

The virtual point picture character.

3.

Zero-suppression characters.

4.

Sign and currency symbol characters.

5.

Insertion characters.

6.

Commercial characters.

1.

Exponent characters.

declaration:
1.

2.

dummy argument: temporary storage that is
created automatically to hold the value of
an argument that cannot be passed by
reference.
edit-directed transmission: the type of
stream-oriented transmission in which data
appears as a continuous stream of
characters and for which a format list is
required to specify the editing desired for
the associated data list.
element: a single item of data as opposed
to a collection of data items such as an
array; a scalar item.
element expression: an expression whose
evaluation yields an element value.
elementary name:

The establishment of an identifier as
a name and the construction of a set
of attributes (partial or complete)
for it.
A source of attributes of a particular
namE!.

see base element.

element variable: a variable that
represents an element; a scalar variable.
enabled: that state in which a particular
on-condition will result in a program
interrupt that would cause an on-unit for
that condition to be entered.

default: the alternative attribute or
option assumed, or specified for assumption
by the DEFAULT statement, when n0 such
attribute or option has been specified.

entry constant:

defined item: a variable declared to
represent part or all of the same storage
as that ass igned to another var iable known
as the base item.

entry name:
an identifier that is
explicitly or contextually declared to have
the ENTRY attribute (unless the VARIABLE
attribute is given) or has an implied ENTRY
attribute; the value of an entryvariable.

delimiter: a 11 operators., comments, and
the following characters: percent,
parentheses, comma, period, semicolon,
colon, assignment symbol, and blank: they
define the l~mits of identifiers,
constants, picture specifications, iSUBs,
and keywords.
descriptor:
digit:

entry expression: an expression whose
evaluation yields an entry value.

entry point:
a point in a procedure at
which it may be invoked.
(~ee primary
entry point and secondary entry point.)
entry variable:
a variable that can
represent entry values. It must have both
the ENTRY and VARIABLE attributes.

see parameter descriptor.

one of the characters 0 through 9.

dimensionality: the number of bounds
specifications in an array declaration.
disabled: the state in which a particular
on-condi t.ion will not result in an
interrupt. that would cause an on-unit for
that condition to be entered.
do-group: a sequence of statements headed
by a DO statement and ended by its
corresponding END statement, used for
control purposes.
do loop:

an entry narre.

see iterative do-group.

drifting-characters:
symbol characters.

see sign and currency

entry value: the entry point represented
by an entry constant; the value includes
the environment of the activation that is
associated with the entry constant.
environment (of an activation):
information associated with the invocation
of a block that is used in the
interpretation of references, within the
invoked block, to data declared outside the
block. This information includes
generations of automatic vnriables, extents
of defined variables, and generations of
parameters.
environment (of a label constant):
identity of the particular activation of a
block to which a reference to a statementlabel constant applies. This information
is determined at the time a statement-label
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constant is passed as an argument or is
assigned to a statement-label variable, and
it is passed or assigned along with the
constant.

not contained in any other procedure.
factoring: the application of one or more
attributes or of a level number to a
parenthesized list of names.

g£ilog~~:

those processes that occur
automatically at the termination of a block
or task.
evaluation: reduction of an expression to
a single value, an array of values, or a
structured set of values.

event:
an activity in a program whose
status and completion can be determined
from an associated event variable.
event variable: a variable with the EVENT
attribute, which may be associated with an
event; its value indicates whether the
action has been completed and the status of
the completion.

field (in the data stream): that portion
of the data stream whose width, in number
of characters, is defined by a single data
or spacing format item.
field (of a picture specification): any
character-string picture specification or
that portion (or all) of a numeric
character picture specification that
describes a fixed-point number.
file:
a named representation, within a
program, of a data set or data sets. A
file is associated with the data set or
data sets for each opening.

~xplicit

file attribute:
any of the attributes that
describe the characteristics of a file.

exponent characters: the following picture
specification characters:

file constant:
a name declared for a file
and for which a complete set of file
attributes exists during the time that the
file is open.

declaration: the appearance of an
identifier in a DECLARE statement, as a
label prefix, or in a parameter list.

1.

2.

K and E, which are used in floatingpoint picture specifications to
indicate the beginning of the exponent
field.
F, the scaling factor character,
specified with an integer constant
which indicates the number of decimal
positions the decimal point is to be
moved from its assumed position to the
right Cif the constant is positive) or
t.o the left (if the constant is
negative) •

expression:
a notation, within a program,
that represents a value, an array of
values, or a structured set of values; a
constant or a reference appearing alone, or
combinations of constants and/or references
wi th operators.

1.

2.

'Jlhe range indicated by the bounds of
an array dimension, the range
indicated by the length of a string,
or the range indicated by the size of
an area.
'I'he Significant allocations in an
area.

file expression: an expression whose
evaluation yields a file name.
file name:

a name declared for a file.

file variable:
a variable to which file
constants can be assigned; it. must have
both the attributes FILE and VARIABLE. No
file-name attributes, other than FILE, can
be specified for a file-name variable.
fixed-point constant:
constant.

see arithmetic

floating-point constant:
constant.
f lOA' of control:

sequence

see arithmetiq
0

f execution .•

format item:
a specification used in editdirected transmission to describe the
representation of a data item in the stream
(data format item) or to specify
positioning of a data item within the
stream (control format item).
format list:
a parenthesized list of
format items required for an edit-directed
data specification.

external name:
a name (with the EXTERNAL
attribute) whose scope is not necessarily
confined only to one block and its
contai.ned blocks.

fully-qualified name: a qualified name
that is complete, i. e., that includes all
names in the hierarchical sequence above
the structure member to which the name
refers, as well as the name of the member
itself.

external procedure:

function:
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a function procedure

(programmE~r-specified or built-in); a
procedure that is invoked by the appearance
of one of its entry names in a function
reference and which returns a value to the
poi nt of reference.

function reference:
the appearance of an
entry-name or built-in function name (or an
entry variable) in an expression.
generation (of a variable): the allocation
of a static variable, a particular
allocation of a controlled or automatic
variable or the storage indicated by a
particular locator qualification of a based
variable, or by a defined variable or a
parameter.
generic key: a character string that
identifies a class of keys: all keys that
begin with the string are members of that
class.
For example, the recorded keys
'ABCO', 'ABCE', and 'ABOF', are all members
of the classes identified by the generic
keys 'A' and 'AB', and the first two are
also membE~rs of the class 'ABC'; and the
three recorded keys can be considered to be
unique members of the classes 'ABCO',
'~BCE', 'ABOF', respectively.
generic name:
the name of a family of
entry names. A reference to the name is
replaced by the particular entry name whose
parameter descriptors match the attributes
of the arguments in the argument list at
the point of invocation.

an auxiliary medium and main storage.
insertion picture character: a picture
specification character that is, on
assignment of the associated data to a
character string, inserted in the indicated
position. When used in a P-format item for
input, an insertion charac~er serves as a
checking picture character.
interleaved array:
an array whose name
refers to non-connected storage.
interleaved subscripts: a subscript
notation, used with subscripted qualified
names, in which not all of the necessary
subscripts immediately follow the same
component name.
internal block:
a block that is contained
in another block.
internal name:
a name that is not known
outside the block in which it is declared.
internal procedure: a procedure that is
contained within a block.
internal text: all of the text contained
in a block except that teAt that is
contained in another block. Thus the text
of an internal block (except its entry
names) is ~ internal to the containing
block.
interrupt:
the redirection of flow of
of the program (possibly temporary)
as the result of an on-condition or
attention.
c~ntrol

group: a do-group; it can be used wherever
a single statement can appear" except as an
on-unit.

invocation:

the activation of a procedure.

identifie~:

a string of alphameric and,
possibly, break characters, not contained
in a commemt or constant and which is
preceded and followed by a separator; the
initial character must be alphabetic.
implicit declaration:
the establishment of
an identi fi er, which has no expl ici t or
contextual declaration, as a name. A
default set of attributes is assumed for
the identifier.
implicit opening: the opening of a file as
the result of an input or output statement
other than the OPEN statement.

invoke: to activate a procedure at one of
its entry points.
invoked procedure: a procedure that has
been activated at one of its entry points.
invoking block: a block containing a
statement that activates a procedure.
iteration factor:
specifies:

an expression that

1.

In an INITIAL attribute specification,
the number of consecutive elements of
an array that are to be initialized
with a given constant.

2.

In a format list, the number of times
a gi ven format i tern or list of items
is to be used in succession.

infix opeJ::-ator:
an operator that appears
between two operands.
initial procedure: an external procedure
whose PROCEDURE statement has the OPTIONS
(MAIN) att:ribute. Every PL/I program must
have an initial procedure.
It is invoked
automatically as the first step in the
execution of a progam.

iterative do-grouE: a do-group whose DO
statement specifies a control variable
and/or a WHILE option.

input/output:

key:

the transfer of data between

data that identifies a record within
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a direct-access data set.
and recorded key.

See source key

keyword: an identifier that is part of the
language and which, when used in the proper
context" has a specific meaning to the
compiler.
known:
(applied to a name) recognized with
its declared meaning; a name is known
throughout its scope.
label:: a name used to i denti fy a statement
other than a PROCEDURE or ENTRY statement:
a sta1:ement label.
label constant: an unsubscripted name that
appears prefixed to any statement other
than a PROCEDURE or ENTRY statement.
label list (of a statement): all of the
label prefixes of a statement.

stream-oriented transmission in which data
in the stream appears as constants
separated by blanks or commas and for which
formatting is provided automatically.
locator qualification:
in a reference to a
based variable, either a locator variable
or function reference connected by an arrow
to the left of a based variable to specify
the generation of the based variable to
which the reference refers, or the implicit
connection of a locator variable with the
based reference.
locator variable: a variable whose value
identifies the location in main storage of
a variable or a buffer.
locked record:
a record in an EXCLUSIVE
DIRECT UPDATE file that is available to
only one task at a time.
logical level Cof a structure member): the
depth indicated by a level number when all
level numbers are in direct sequence" that
is, when the increment between successive
level numbers is one.

label list Cof a label variable
declaration):
a parenthesized list of one
or more statement-label constants
immediately following the keyword LABEL to
specify the range of values that the
declared variable may have; names in the
list are separated by commas. When
specified for a label array, it indicates
that each element of the array may assume
any of the values listed but no other.

lower bound:
dimension.

label prefix:
statement.

major structure: a structure whose name is
declared with level number 1.

a label prefixed to a

label variable: a variable declared with
the LABEL attribute and thus able to assume
as its value a label constant.
langu~e character set:
a character set
which has been defined to represent program
elements in the source language Cin this
context, character-string constants and
comments are not considered as prOJram
elements) •

leading zeros: zeros that have no
significance in the value of an arithmetic
integer: all zeros to the left of the first
significant integer digit of a number.
level number~ an unsigned decimal integer
constant in a DECLARE or ALLOCATE statement
that specifies the position of a name in
the hierarchy of a structure.
It precedes
the name to which it refers and is
separated from that name by the name's
delimiter. Level numbers appear without
the names in a parameter descriptor of an
ENTRY attribute specification.
level-one variable: a major structure
name: any unsubscripted variable not
contained within a structure.
list-directed transmission:
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logical operators:
operators -. (not),

&

the bit-string
(and), and I Cor).

the lower limit of an array

major task: the task that has control at
the outset of execution of a program. It
exists throughout the execution of the
program.
minor structure: a structure that is
contained within another structure. The
name of a minor structure is declared with
a level number greater than one.
mode (of arithmetic data):
a
characteristic of arithmetic data; real or
complex.
multiple declaration: two or more
declarations of the same identifier
internal to the same block without
different qualifications, or two or more
external declarations of the same
identifier with different attributes in the
same program.
multiprocessing: the use of a computing
system with two or more processing units to
execute two or more programs
s imul taneous ly.
multiprogramming: the use of a computing
system to execute more than one program
concurrently" using a single processing
unit.

multitasking:
a facility that allows a
programmer to execute more than one PL/I
procedure simultaneously.
nam~:
an identifier appearing in a context
where it is not a keyword.

nesting:

the occurrence of:

1.

A block within another block.

2.

A group within another group.

3.

An I.E~ statement in a THEN clause or an
ELSE cIa use.

4.

A function reference as an argument of
a function reference.

5.

A remote format item in the format
list of a FORMAT statement.

6.

A parameter descriptor list in another
parameter descriptor list.

7.

An at.tribute specification within a
parenthesized name list for which one
or more attributes are being factored.

non-connected storage: separate locations
in storage that contain related items of
data that can be referred to by a single
name but that are separated by other data
items not referred to by that name.
Examples are the storage referred to by an
unsubscripted elementary name in an array
of structures or by a subscripted name
referring to an array cross section in
which the subscript list contains an
asterisk to the left of any element
expression.

excludes SYSTEM and SNAP.
opening (of a fil~l: the association of a
file with a data set and the completion of
a full set of attributes for the file name.
operand: an expression to whose value an
operator is applied.
operational expression: an expression
containing one or more operators.
operator: a symbol specifying an operation
to be performed. See arithmetic operators,
bit-string operators, comparison operators
and concatenation.
option: a specification in a statement
that may be used to influence the execution
or interpretation of the statement.
packed decimal: the internal
representation of a fixed-po int decimal
data item.
12adding:
1.

one or more characters or bits
concatenated to the right of a string
to extend the string to a required
length. For character strings,
padding is with blanks; for bit
string, with zeros.

2.

one or more characters or bits
inserted in a structure so that the
structure elements have the required
alignment.

parameter: a name in a procedure that is
used to refer to an argument passed to that
procedure.

null 10ca1:or value:
a special locator
value that: cannot identify any location in
internal storage; it gives a positive
indication that a locator variable does not
currently identify any generation of data.

parameter descriptor: the set of
attributes specified for a single parameter
in an ENTRY attribute specification.

null striI!£!:
length.

parameter descriptor list:
the list of all
parameter descriptors in an ENTRY attribute
specifica tion.

a string data item of zero

numeric character data:
picture delta.

see decimal

offset variable:
a locator variable with
the OFFSET attribute, whose value
identifies a location in storage, relative
to the beginning of an area.
on-conditi'on:
an occurrence, within a PL/I
task, that--Could cause a program interrupt.
It may be the detection of an unexpected
error or of an occurrence that is expected,
but at an unpredictable time.
on-unit: the specified action to be
executed l~on detection of the on-condition
named in 1:.he containing ON statement. This

parameter list:
a parenthesized list of
one or more parameters, separated by commas
following either the keyword PROCEDURE in a
PROCEDURE statement, or the keyword ENTRY
in an ENTRY statement. The list
corresponds to a list of arguments passed
at invocation.
partially-qualified name:
a qualified name
that is incomplete, i. e. I, that includes one
or more, but not all, names in the
hierarchical sequence above the structure
member to which the partially-qualified
name refers, as well as the name of the
membe r i tse If.
picture specification:

a character-by-
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character description of the composition
and characteristics of decimal pi"cture data
and character-string picture data.
picture specification character: any of
the characters that can be used in a
picture specification. See decimal picture
dat~ and character-string picture data.
point of invocation: the point in the
invoking block at which the procedure
referenceto the invoked procedure appears.
pointer variable: a locator variable with
the POINTER attribute, whose value
identifies an absolute location in main
storaqe.
precision: the value range of an
arithmetic variable expressed as a total
number of digits and, for fixed-point
variables, the number of those digits
assumed to appear to the right of the
decimal or binary point.
prefi~:

a label or a parenthesized list of
one or more condition names connected by a
colon to the beginning of a statement.
prefix operator: an operator that precedes
an operand and applies only to that
operand. The prefix operators are +
(plus), - (minus), and ~ (not).
preprocessor: a program that examines the
sourCE:? program for preprocessor statements
which are then executed, resulting in the
alteration of the source program.
preprocessor statement: a special
statement appearing in the source program
that specifies how the source program text
is to be altered; it is executed as it is
encoIDltered by the preprocessor.
primary entry point: the entry point
identified by any of the names in the label
list of the PROCEDURE statement.
priori~:

a value associated with a task,
that specifies the precedence of the task
relative to other tasks.
problem data:
string or arithmetic data
that is processed ~ a PL/I program.
procedure:
a collection of statements,
headed by a PROCEDURE statement and ended
by an END statement, that is a part of a
program, that delimits the scope of names,
and that is activated by a reference to one
of its entry names.
procedure reference: an entry constant or
variable or a built-in function name.
The
name may be followed by one or more
argument lists.
It may appear in a CALL
statement or CALL option or as a fUnction

502

OS PL/I CKT AND OPT LRM PART II

reference.
processor: a program that prepares source
program text (possible preprocessed text)
f or ex ecution.
program: a set of one or more external
procedures, one of which must have the
OPTIONS(MAIN) option in its PROCEDURE
statement.
program control data: data used in a PL/I
program to effect the execution of the
program. Program control data consists of
the following types: entry, task, file,
label, event, pointer, offset, and area.
prologue: the processes that occur
automatically on block activation.
pseudovariable: any of t_he built-in
function names that can be used to specify
a target variable~
qualified name:
a hierarchical sequence of
names of structure members, connected by
periods, used to identify a component of a
structure. Any of the names may be
subscripted. see also locator
qualification.
range (of a dp.faul~ specification): a set
of identifiers and/or parameter descriptors
to which the attributes in a default
specification of a DEFAULT statement apply.
record: the logical unit of transmission
in a record-oriented input or output
operation.
recorded key:
a key recorded in a directaccess volume to identify an associated
data record.
recursive procedure: a procedure that may
be reactivated while still active in the
same task.
reentrant procedure: a procedure that may
be reactivated while active in another
task.
REFER expression: the expression preceding
the keyword REFER, from which an original
bound, length, or size is taken when a
based variable containing a REFER option is
allocated, either by an ALLOCATE or [..lOCATE
statement.
REFER object: the unsubscripted element
variable appearing in a REFER option that
specifies a current bound, length, or size
for a member of a based structure. It must
be a member of the structure, and it must
precede the member declared with the REFER
option.
reference:

the appearance of a name,

except in a context that causes explicit
:ieclaration.
remote format item: the letter R specified
in a format list together with the label of
a separate FORMAT statement.

sign and currency symbol characters: the
picture specification characters, S, +, and $. These can be used
1.

As static characters in which case
they are specified only once in a
picture specification and appear in
the associated data ite~ in the
position in which they have been
specified.

2.

As drifting characters, in which case
they are specified more than once (as
a string in a picture specification)
but appear in the associated data item
at most once, immediately to the left
of the significant portion of the data
item.

repetition factor:
a parenthesized
unsigned decimal integer constant that
specifies:
1.

The number of occurrences of a string
configuration that make up a string
const.ant.

2.

The number of occurrences of a pi cture
specification character in a picture
specification.

£~petitive

specification: ar element of a
data list that specifies controlled
iteration to transmit one or more data
items, generally used in conjunction with
arrays.
returned value:
the value returned by a
functi on procedure to the point of
invocation.
scalar i tE~m:
element.

a single i tern of data: an

scalar variable:
a variable that can
represent only a single data item; an
element variable.

significant allocation: any unfreed
allocation in an area and any freed
allocation that lies between the start of
the area and the end of the unfreed
allocation that is farthest from the start
of the area.
If a subsequent ~llocation of
the same size is made in the same location
the original allocation ceases to be
significant.
simple parameter: a parameter for which no
storage-class attribute is specified: it
may represent an argument of any storage
class, but only the current generati6n of a
controlled argument.

scale: a system of mathematical notation:
fixed-point or floating-point scale of an
arithmetic value.

source key:
a key referred to in a recordoriented transmission statement that
identifies a particular record within a
direct-access data set.

scale factor:
a specification of the
number of fractional digits in a fixedpoi nt number.

source program: the program that serves as
input to the compiler. The source program
may contain preprocessor statements.

scope (of a condition prefi xl: the portion
of a program throughout which a particular
condition prefix applies.

source variable:
a variable whose value is
to be assigned or to take part in some
other operat ion.

scope (of a declaration): the portion of a
program throughout which a particular
:ieclaration is a source of attributes for a
particulaJ: name.

standard default: the alternative
attribute or option assumed when none has
been specified and there is no applicable
DEFAULT statement.

scope (of a nume):
the portion of a
program throughout which the meaning of a
particular name does not change.

standard file:
a file assumed by the
processor in the absence of a FILE or
STRING option in a GET or PUT statement;
SYSIN is the standard input file and
SYSPRINT is the standard output file.

secondary entry point: an entry point
identified by any of the names in the label
list of an ENTRY statement.
self-defining data: a data item, or an
aggregate of data items, that includes
:iescriptive information about attributes of
the data, such as values for adjustable
bounds or lengths.
separator:

see delimiter.

standard system action: action specified
by the language to be taken in the absence
of an on-unit for an on-condition.
statement: a basi c el ement of a PLII
program that is used to delimit a portion
of the program, to describe names used in
the program, or to specify action to be
taken. A statement can consist of a
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condition list, a label list~ a statement
identifier, and a statement body that is
terminated by a semicolon.
statement body:
that part of a statement
that follows the statement identifier, if
any, and is terminated by the semicolon; it
includes the statement options.
statement identifier: the PLiI keyword
that indicates the purpose of the
statement.
statement-label constant:
constant.
statement-label expression:
expression.
statement-label variable:
variable.

see label
see label
see label

static storage allocation: the allocation
of storage for static variables.

subroutine:
a procedure that is invoked by
a CALL statement or CALL option. A
subroutine cannot return a value to the
invoking block, but it can alter the value
of variables.
subscript: an element expression that
specifies a position within a dimension of
an array. A subscript can also be an
asterisk, in which case it s~ecifies the
entire extent of the dimension.
subscript list: a parenthesized list of
one or more subscripts, one for each
dimension of an array, which together
uniquely identify either a single element
or cross section of the array..
subtask: a task that is attached by the
given task or any of the tasks in a direct
line from the given task to the last
attached tas k.
synChronous:
using a single flow of
control for serial execution of a program.

static variable: a variable that is
allocated before execution of the program
begins and that remains allocated for the
juration of execution of the program.

target variable: a variable to which a
value is assigned.

stream:

task: the execution of one or more
procedures by a single flow of control.

see data stream.

string: a connected sequence of characters
or bits that is treated as a single data
item.
string variable: a variable declared with
the BIT or CHARACTER attribute, whose
values can be either bit strings or
character strings.
structure: a hierarchical set of names
that refers to an aggregate of data items
that may have different attributes.
structure expression: an expression whose
evaluation yields a structure set of
values.
structure of arrays: a structure
containing arrays specified by declaring
individual members names with the dimension
attribute.
structure member: any of the minor
structures or elementary names in a
structure.
structuring:
the makeup of a structure, in
terms of the number of members, the order
in which they appear, their attributes, and
their logical level Cbut not necessarily
their names or declared level numbers).
sUbfield Cof a picture specification):
that portion of a picture specification
field that appears before or after a V
picture specification character.
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task name: an identifier used to refer to
a task variable.
task variable:
a variable with the TASK
attribute whose value gives the relative
priority of a task.
termination Cof a block):
cessation of
execution of a block, and the return of
control to the activating block by means of
a RETURN or END statement, or the transfer
of control to the activating block or to
s orne other act ive block by means of a GO TO
statement.
termination Cof a task): cessation of the
flow of control for a task.
truncation: the removal of one or more
digits, characters, or bits from one end of
an item of data when a string length or
precision of a target variable has been
exceeded.
upper bound':
dimension.

the upper limit of an arr'ay

variable: a narned entity that is used to
refer to data and to which values can be
assigned.
Its attributes remain constant,
but it can refer to different values at
different times. Variables fall into three
categories, applicable to any data type:
element, array" and structure,. Variables
may be SUbscripted and/or qualified, or
locator qualified.

virtual point picture character: the
picture specification character, VI which
is used in picture specifications to
indicate the position of an assumed decimal
or binary point.
zero-suppression characters: the picture
specification characters Z, Y, and *, which
are used to suppress zeros in the
corresponding digit positions.
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+

picture character

311

I I concatenation symbol

40

$ currency symbol 9,311
$ picture character 201

*
*
*

(asterisk) notation 115
picture character 200
zero suppression character
*/ (comment identifier)
11

/ insertion character 309
/ insertion picture characters
/* (comment identifier)
11
, insertion character

308

201

308

preprocessor statement 461
%assignment preprocessor statement 462
%CONTROL listing control statement 466
%OEACTIVATE preprocessor statement 462
%DECLARE preprocessor statement 463
%00 preprocessor statement 463
%ELSE clause 237
%ENO preprocessor statement 464
~GO TO preprocessor statement
464
%IF preprocessor statement 464
~INCLUDE preprocessor statement
464
%null preprocessor statement 465
%PAGE listing control statement 467
%PROCEDURE preprocessor statement 465
%SKIP listing control statement 467
%THEN clause 237

~ACTIVATE

# number sign

Q)

9

commercial "at" sign

9

~ picture specification character
22
A-format item 316
abbreviations of keywords 299
abnormal termination of program 67
~BS built-i.n function
353
access
direct 188,186,182,190
sequenti.al 182,186,188,190

accuracy of mathematical built-in
fUnctions 345
ACOS built-in function 353
activation of blocks 63
ADD built-in function 353
ADOBUFF option 170
additional hints 264
assignments and initialization 265
comparison of aggregates 266
declarations and attributes 264
do loops 265
functions 265
on-conditions and on-units 265
operating system and job control 264
PROCEDURE statement 264
additive attributes 123,121
BACKWARDS attribute 123
ENVIRONMENT attribute 123
EXCLUSIVE attribute 123
KEYED attribute 123
locked record 123
PRINT attribute 123
ADDR built-in function 353,91
address
symbolic names 15
aggregates
arguments 345
comparison of 266
data 4,153, 273
algebraic comparisons 39
aliased variable 252
~LIGNED attribute
31
alignment, record 484
~LL built-in function
353
ALL opti on 59
~LLOCATE statement
425,53
for based variables 95
for controlled variables 87
with IN option 98
allocation
buffer 150,165
of storage 68
ALLOCATION bui.lt-in function 353,89
allocation of parameters 115
asterisk notation 115
bounds, lengths, and sizes 115
controlled parameter 115
expression notation 116
parameter attributes 115
simple parameter 115
alphabetic character 9
alphabetic list of format items 316
A-format item 316
B-format item 316
C-format item 317
COLUMN format item 317
conversion rules 325
E-format item 318
F-format item 319
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alphabetic list of format items (continued)
LINE format item 320
P-format item 320
PAGE format item 320
R-format item 321
SKIP format item 321
X-format item 321
alphameric character 9
altering length of string data 197
alternative attributes 121
BUFFERED and UNBUFFERED 122
INPUT, OUTPUT, and UPDATE 122
SEQUENTIAL, DIRECT and TRANSIENT 122
STREAM and RECORD 122
ambiguous references 78
amending a program 227
American standard code for information
interchange (ASCII) 151
ANY built-in function 354
application of attributes 79
application of standard defaults 79
problem data 80
program control data 80
area 153,96
ALLOCATE statement with IN option 98
assignment 99
condition 100,379
condition codes 372
data .25
EMPTY built-in function 99
extent of 97
FREE statement with IN option 99
input/output of 100
locator conversion 97
offset expressions 98
offset variables 97
paramet er 117
variables 153,97
AREA a,ttribute 394
AREA condition 100
ARGn option 281
argument 116
aggregate 345
area parameter 117
array parameter 117
conversion of 344
dummy 111
element parameter 116
entry expressions as 113
entry parameter 117
file parameter 117
label parameter 117
locator parameter 117
null 346
preprocessor functions 233
string parameter 117
structure parameter 117
arithmetic
built-in functions 343,344
con.version 36
operation 270
operators 10
overflow 17
arithmetic built-in function
arithmetic built-in functions
arithmetic data
base 16
description 15
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arithmetic data (continued)
mode 16
precision 16
scale 16
arithmetic operations 343
general discussion 38
results of 38
array 25
bounds 26
cross-sections 27
dimension 26
extent 26
infix operators with 44
parameter 117
prefix operators with 44
subscripts 26
array expressions 35
converting 44
data conversion in 45
eval ua tion of 43
in IF clauses
44
array of structures 29
cross-sections of 30
array-and-array operations 44
array-and-element operations 44
array-and-structure operations 45
array-handling built-in functions 344,,345
~SCII (American standard code for
information interchange)
151
~SCII data sets
150,174
block prefix fields 151,175
BUFOFF option 151,175
D-format record 151
D-format records 175
DB-format record 151
DB-format-records 175
default rules 152,175
ASCII option 151,175
ASIN built-in function 354
ASSEMBLER option 418
assignment
and initialization 265,269
area 99
BY NAME 46
data conversion 36
editing by 197
other forms of 198
statement 12,427,51
associating data sets with files 126
asterisk (*) notation 115,88
asynchronous operation 156,239
ATAN built-in function 354
ATAND built-in function 354
ATANH built-in function 354
ATTENTION
condition 379
condition code 372
attribute 391
additive 123,121
ALIGNED 31,391
aH:.ernati ve 121
AREA 394
AUTOMATIC 394
BACKWARDS 123,396
BASED 396
BINARY 396
BIT 396
BUFFERED 122,397

attribute (continued)
BUILTIN 397
CHARACTER 398
COMPLEX 19,398
CONDITION 398
CONNECTIW 398
CONTROLLED 398
DECIMAL 399
declarations 267,264
default 79
DEFINED 30,399
dimension 403
DIRECT 403
ENTRY 104,112,404
ENVIRONMENT 123,146,160,191,407
EVENT L~07
EXCLUSIVE 123,408
EXTERNAL 409,76
file 121,409
FIXED L~10
FLOAT L~10
GENERIC 410
INITIAL 32,412
INPUT L~14
INTERNAI.. 414, 76
IRREDUCIBLE 414
iSUB defining 401
KEYED 123,415
LABEL L~15
length 416
LIKE 31,416
merging of 125
of returned values 107
OFFSET 417
OPTIONS 418
OUTPUT 414,420
parametE~r
115, 420
parameter descriptor lists 404
PICTURE 19" 22, 420
POINTER 417,421
POSITION 30~421
precl.sl.on 421
PRINT 123,421
processes in application of 79
REAL 422
RECORD 122,422
REDUCIBLE 422
RETURNS 108,422
SEQUENTIAL 423
simple defining 400
size 423
specifications 81
specifying 15
STATIC 423
STREAM 122,423
string overlay defining 402
targets in assignment 43
TASK 423
TRANSIENT 191,424
UNALIGNED 31,424
UNBUFFERED 122~424
UPDATE 414,424
VARIABLE 424
VARYING 21,424
. AUTOMATIC attribute 394
automatic storage 85,86

B insertion character 309
B-format item 316
BACKWARDS attribute 123,396
base of arithmetic data 16
BASED attribute 396
based storage 89
ADDR built-in function 91
ALLOCATE statement 95
area assignment 99
areas 96
based variables 89
based variables and input/output 91
FREE statement 95
input/output of areas 100
list processing 94
locator qualification 89
multiple generations of based
variables 95
multiple locator qualification 100
NULL built-in function 96
pointer variables 90
self-defining data (REFER option) 93
types of list 96
based variables 89,91
ALLOCATE statement for 95
and input/output 91
FREE statement for 95
multiple generations of 95
processing mode 91
based variables and input/output
LOCATE statement 92
READ with SET statement 92
batch processing 217
begin block 61
as on-uni t
61
definition 13
termination of 65
BEGIN statement 429,52
BINARY attribute 396
BINARY built-in function 354
binary digit (bit) 9
binary fixed-point data 17
default precision 17
maximum length 17
binary floating-point data 18
default precision 19
extended form 19
long form 19
maxim urn si ze 19
short form 19
bit (binary digit) 9
BIT attribute 396
BIT built-in function 204,355
bit comparisons 39
bit to ari thmetic conversion 327
bit to character conversion 336
bit to numeric character conversion 334
bit-string
data 22
handling 203
operations 38
operators 10
unaligned 153
blanks 10
BLKSIZE option 148,164
block
activation of 63
begin 61
Index
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block (continued)
definition 13
ext.erna 1 6 2
general discussion 61
internal 62
nested 62
prefix fields 151,175
procedure 61
termination of 65
BOOL built-in function 205,355
in bit-string operations 39
Boolean algebra 39
bounds
controlled parameter 115
simple parameter 115
bounds of array dimension 26
buffer allocation 150,165
BUF'FERS option 150,165
DCB subparameter 150
BUFFERED attribute 122,397
BUFFERS option 150,165
BUFOFF' option 151,175
built--in
functions 109
subroutines 110
built-in function
ABS 353
accuracy of mathematical functions
ACOS 353
ADD 353
ADDR 353,91
aggregate arguments 345
ALI. 353
ALI,OCATION 353,89
ANY 354
arithmetic 343
array-handling 344,345
ASIN 354
ATAN 354
ATAND 354
ATANH 354
BINARY 354
BIT 204,355
BOOL 205,355
CEIL 355
CHAR 204,355
cla.ssification of 343
COMPLETION 245,355,386
COMPLEX 355
condition-handling 344
CONJG 356
conversion of arguments 344
COS 356
COSD 356
COSH 356
COUNT 356
DATAFIELD 356
DA'I'E 356
DECIMAL 357
DIM 357
DIVIDE 357
EMPTY 357,99
ERF 357
ERFC 357
EXP 357
FIXED 357
FLOAT 358
FLOOR 358
510

345

built-in function (continued)
HBOUND 358
HIGH 205,358
I MAG 358
INDEX 204, 358
LBOUND 359
LENGTH 205,358
LINENO 359
LOG 359
LOG10 359
LOG2 359
LOW 205,359
mathematical 345,343
MAX 359
MIN 359
MOD 360
MULTIPLY 360
multi tasking 344
NULL 360,96
null arguments 346
OFFSET 360
ONCHAR 360
ONCODE 361
ONFILE 361
ONKEY 361
ONLOC 361
ONSOURCE 361
POINTER 362
POLY 362
PRECISION 362
PRIORITY 362
PROD 363
REAL 363
REPEAT 205,363
ROUND 363
SIGN 363
SIN 364
SIND 364
SINH 364
SQRT 364
STA'I'US 245, 364
storage control 344
stream input/ou.tput 344
STRI NG 2 05 " 204 ,364
string-handling 344,343
SUBSTR 204,365
SUM 365
TAN 365
TAND 365
TANH 365
TIME 365
TRANSLATE 205,365
TRUNC 366
UNSPEC 205,366
used in data conversion 37
VERIFY 205,367
BUILTIN attribute 397
BY NAME option 46
BY option 56
byte 31
C-format item 317
CALL opti on 32
CALL statement 241,430,56
EVENT option 241
PRIORITY option 242
TASK option 241

CEIL built-in function 355
CEIL values
table of 323
chained list 95
channel programs (NCP)
number of 171
CHAR built-in function 204,355
character
• (period)
201
+ picture 311
* zero suppression 308
/ insertion 309
, (comma)
201
, insertion 308
alphabetic 9
alphameric 9
B (insertion)
201
B insertion 309
comparisons 39
CR picture 311
DB pi ct ure 312
E picture 313
F picture 314
I picture 312
insertion 308
K picture 313
picture 201, 311
picture specification 305
R picture 312
S picture 311
special 10
T picture 312
Y zero suppression 308
Z zero suppression 308
zero suppression 307
CHARACTER a'ttribute 398
character sets 297
introduc,tion 9
use of 10
with EBCDIC and card-punch codes 297
48-character set 298
60-character set 297
character specifications
numeric 199
character strings
and comments 231
PICTURE .attribute 22
character to ari thme tic conversi on 327
character to bit conversion 338
character to numeric character
conversion 333
character-string data 21
picture characters for 305
repetition factors 21
character-s'tring picture
specif ica tions 202
characteris,tics, data 15
characters
special 9
CHECK condition 211,379
CHECK condition codes 372
CHECK condition prefix 380
CHECK statement 218,431,58
Checkout compiler, facili ties of 6
classes of statements 49
descriptive statements 49
DISPLAY statement 51
procedure blocks 61

c lassif i ca ti on
key (GENKEY) 170
of built-in functions 343
of conditions 378
of sta tements 49
classification of built-in functions 343
arithmetic built-in functions 343
array-handling built-in functions 344
condition-handling built-in
functions 344
mathematical built-in functions 343
multitasking built-in functions 344
storage control built-in functions 344
stream input/output built-in
functions 344
string-handling built-in functions 343
classification of conditions 378
AREA condition 379
ATTENTION condition 379
CHECK condition 379
COMPLETION built-in function 386
CONDITION condition 382
CONVERSI,ON condition 382
ENDFILE condition 382
ENDPAGE condition 383
ERROR condition 383
FINISH condition 384
FIXEDOVERFLOW condition 384
KEY condition 384
NAME condition 385
OVERFLOW condition 386
PENDING condition 386
RECORD condition 386
SIZE condition 387
STRINGRANGE condition 387
STRINGSIZE condition 388
SUBSCRIPTRANGE condi tion 388
~RANSMIT condition
388
UNDEFINEDFILE condition 389
UNDERFLOW condition 389
ZERODIVIDE condition 390
clause
ELSE 446
THEN 446
CLOSE statement 128,432
closing file 124
closing nested blocks and do-groups 62
closure of blocks 65
COBOL interface 287
COBOL option 281
COBOL routine
passing arguments to 280
termination of 286
code
AREA condition 372
ATTENTION condition 372
card punch 297
CHECK condition 372
condition 369
condition built-in functions 213
CONDITION condition 372
CONVERSION condition 372
EBCDIC 297
ENDFILE condition 370
ENDPAGE condition 371
ERROR condition 370
FINISH condition 370
FIXEDOVERFLOW condition 371
Index
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code (continued)
information interchange 120
KEY condition 370
NAME condition 370
OVERFLOW condition 371
PENDING condition 371
RECORD condition 370
return 288
SIZE condition 371
STRINGRANGE condition 371
STRINGSIZE condition 371
SUBSCRIPTRANGE condition 372
TRANSMIT condition 370
UNDEFINEDFILE condition 370
UNDERFLOW condition 371
ZERODIVIDE condition 371
coding format 9
coding source programs for optimizing
compiler 252
aliased variable 252
common expression elimination 252
other optimization features 254
redundant expression elimination 253
transfer of invariant expressions 253
collections, data 4
COLUMN format item 317
comments 11,231
commercial "at" sign Ca)
9
common errors and pitfalls 266
arithmetic and logical operations 270
assignments and initialization 269
data aggregates 273
declarations and attributes 267
do-groups 272
functions and pseudovariables 273
input/output 274
on-conditions and on-units 273
operating system and job control 266
program control 267
source program and general syntax 266
strings 273
common expression
elimination 252
interrupt handling 250
common storage 283
communication, interlanguage 279
comparison 39
bit 39
character 39
conversion of operands in 39
of aggregates 266
ope.rations 39
opera tors 10
program control data 39
tables for 343
compilation, improving speed of 254
compile-time operations 6
compiler
coding source programs for
optimizing 252
differences 487
facilities of 6
COMPLETION
built-in function 245,355,386
pseudovariable 355
complex arithmetic data 16,19
COMPLEX attribute 19,398
COMPLEX built-in function 355
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COMPLEX pseudo variable 356
complex to real conversion 327
compound statement 12
computational statement type 51
concatenation operations 40
conca tena tion s ymhol (I I) 40
concepts of PL/I 1
blanks 10
identifiers 10
string data 21
condition
AREA 379
ATTENTION 379
built-in functions 213
CHECK
211, 379
classification of 378
codes (ON-codes) 369
CONDITION 211,382
condition code 372
CONVERSION 382
disabling 12
~NDFILE
382
ENDPAGE 383
ERROR 192,383
FINISH 384
FIXEDOVERFLOW 384
KEY 384
list of 378
NAME 385
OVERFLOW 386
PENDING 192,386
prefix 12,207
RECORD 192,386
SIZE 17,212,387
STRINGRANGE 212,387
STRINGSIZE 388
SUBSCRIPTRANGE 212,388
TRANSMIT 192,388
UNDEFINEDFILE 389
UNDERFLOW 389
ZERODIVIDE 390
CONDITION attribute 398
condition codes (ON-codes)
369
AREA condition codes 372
ATTENTION condition code 372
CHECK condition codes 372
CONDITION condition code 372
CONVERSION condition codes 372
ENDFILE condition code 370
ENDPAGE condition code 371
ERROR condition code 370
FINISH condition codes 370
FIXEDOVERFLOW condition code 371
KEY condition codes 370
NAME condition codes 370
OVERFLOW condition code 371
PENDING condition code 371
RECORD condition codes 370
SIZE condition code 371
STRINGRANGE condition code 371
STRINGSIZE condition code 371
SUBSCRIPTRANGE condition code 372
TRANSMIT condition codes 370
UNDEFINEDFILE condition codes 370
UNDERFLOW condition code 371
ZERODIVIDE condition code 371
CONDITION condition 211,382
condition-handling built-in functions

344

CONJG built-in function 356
CONNECTED attribute 398
CONSECUTIVE data sets 150,166
CONSECUTIVE option 160
consecutive organization 176
sequential update 176
constant
definition 15
file 120
contained in, definition 73
contextual declaration 74
control
format items 315
printer/punch 168
program 267
storage 85
control data, program 23
control format
control statement
listing 237, 466
type 53
CONTROLLED 398
data 68
parameter 115
storage 86
structures 89
CONTROLLED attribute
controlled parameter
bounds, lengths, and sizes 115
controlled storage 86
ALLOCATE statement 87
ALLOCATION built-in function 89
controlled structures 89
FREE statement 87
multiple generations 88
controlled variables
ALLOCATE statement for 87
FREE statement for 87
multiple generations of 88
conversational processing 217
conversion
arithmetic 36
condition 382
condition codes 372
data 258,35
in concatenation operations 40
locator 97
of arguments 344
of program control data 37
rules 325
type 36
CONVERSION condition 382,47
conversion of arguments 344
array-handling built-in functions 345
mathematical built-in functions 345
string-handling built-in functions 344
conversion of data
by built-in function 37
in arithmetic operations 38
in assignments 36
in comparison operations 39
in operational expressions 36
coordination and synchronization of
tasks 243
DELAY statement 245
sharing files between tasks 244
testing and setting event variables 244
WAIT statement 244

coordination of tasks
sharing data between tasks 243
COpy option 133
COS built-in function 356
COSD built-in function 356
COSH built-in function 356
COUNT built-in function 356
CR picture character 311
creating data set 182,189,188
creation of tasks 241
call statement 241
priority of tasks 242
credit, debit, and overpunched signs
CR picture character 311
DB picture character 312
I picture character 312
R picture character 312
T picture character 312
cross sections
arrays 27
arrays of structures 30
CTLASA option 168
CTL360 oPtion 168
currency symbol ($)
9,309
current status list 222
PUT ALL statement 226
PUT FLOW statement 225
PUT SNAP statement 225
PUT variables 222
D option 160
D-format record 151,175
data
aggregates 153,273
binary fixed-point 17
binary floating-point 18
conversion 258
decimal fixed-point 16
description 3
elements 15
format items 315
interchange (COBOL) 169
lists 134
mapping 280,469
organization 25
problem 280,80
program control 280,80
set organization 150,165
sets 119
specifications 134
string 21
transmission statements 132,153
transmi tted 153
types 3,15,280
data conversion 258,35
and expression evaluation 325
exceptional conditions 47
expressions and 35
in array expressions 45
in assignments 36
in operational expressions 36
source to target rules 325
data lists 134
repetitive specification 135
transmission of data-list elements
data management optimization 170
ADDBUFF option 170
Index
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data management optimization
(continued)
INDEXAREA option 170
NOWRITE option 170
data mapping 280,,469
record alignment 484
structure mapping 469
data movement statement type 51
DATA option 138
data set 119
ASCII 150,174
CONSECUTIVE 150
creating 182,189,188
information interchange codes 120
organization 150,165
teleprocessing 167
VSAM 172
data set organization
CONSECUTIVE 150,166
entry-sequenced 166
INDEXED 166
key-sequenced 166
REGIONAL 166
data specification 134
data lists 134
data-directed 138
edit-directed 141
list-di rected 136
data t~ransmission sta tements 132,153
DELETE statement 1,54
LOCATE statement 154
READ statement 154
REWRITE statement 154
UNLOCK statement 154
fffiITE statement 154
data transmitted 153
area variables 153
data aggregates 153
unaligned bit strings 153
vaxying-length strings 153
data-directed data specification 138
data-directed data in stream 138
data-directed data specification for
input 139
dat.a-directed data specification for
output 139
example 140
length of output fields 140
data-directed transmi ssion 131
DATAFIELD built-in function 356
DATE built-in function 356
DB opti on 160
DB picture character 312
dB-format record 151,175
DCB subparameter 150,172
DECIMAL
DECIMAL attribute 399
DECIMAL built-in function 357
decimal digit 9
decimal digit specifier 307
decimal fixed-point data 16
default precision 17
maximum length 17
decimal floating-point data 18
default precision 18
maximum length 18
decimal-point specifier 307
declaration
attributes 267,264,49
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declaration (continued)
contextua.l 74
examples 75
explicit 73
file 173
implicit 75
record files 195
DECLARE statement 432,49
default
assumptions 3
attributes 79
record format 149,165
restoring standard 82
rules 152,175
specification, factored 83
statement 81
default attributes 79
application of standard defaults 79
control of by programmer 49
processes in application of
attributes 79
default precision
binary fixed-point data 17
binary floating-point data 19
decimal fixed-point data 17
decimal floating-point data 18
default statement 433,49., 81
attribute specifications 81
DESCRIPTORS option 81
factored default specification 83
programmer-defined defaults 83
restoring standard defaults 82
restrictions 83
scope of 82
DEFINED attribute 30,399
defining
iSUB 401
simple 400
string overlay 402
DELAY statement 245,436
DELETE statement 154,436
descendant on-units
descriptive statements 49
descriptor lists, parameter 112
DESCRIPTORS option 81
device-associated files 173
diagnostic statements 58
differences, compiler
digit
binary Cbit)
9
decimal 9
digit specifier 307
DIM built-in function 357
dimension attribute 25,403
direct access 186,188,182,190
DIRECT attribute 403
disabling conditions 12
DISPLAY statement 437,51
DIVIDE built-in function 357
do loops 265,437
DO statement 55
do-group 272,56
definition 13
preprocessor 235
doubleword 31
dummy arguments 111
dummy records 182,188,189,184
dynamic 67

dynamic
(continued)
allocation of storage 68
loading of external procedure 67
dynamically descendant on-units 209
E picture character 313
E-format i tern 318
EDIT option 141
edit-directed data specification 141
format lists 142
edi t -di rect.ed format items 315
alphabet.ic list 316
control format items 315
data fozmat items 315
remote format item 316
table of CEIL values 323
edit-direct.ed transmission 132
editing by assignment 197
altering length of string data 197
picture specification 199
editing characters
numeric picture specification 20
element
data 15
expression 35
parameter 116
elimination
common expression 252
redundant expression 253,252
ELSE clause 446
embedded keys 178
EMPTY built.-in function 357,99
enabled conditions
CFECK condition 211
condition built-in functions 213
condition codes 213
CONDITION condition 211
condition prefixes 207
dynamica.lly descendant on-units 209
null on-unit 209
ON statEment 208
on-units 209
REVERT statement 211
scope of condition prefix 208
scope of ON statement 209
SIGNAL statement 211
SIZE condition 212
STRINGRANGE condition 212
SUBSCRI PTRANGE condition 212
END statememt 105,440,53,56
as procedure delimiter 52
with nested blocks and do-groups 62
ENDFILE
condi tion 382
condition code 370
ENDPAGE
condition 383
condition code 371
entry attri.bute 104,112,404
entry expressions as arguments 113
parameter descriptor lists 112
entry data 24
entry expressions as arguments 113
entry parameter 117
entry poin i:s
functions 104
primary 64

entry points
(continued)
secondary 64
subroutine 104
ENTRY statement 440,52
entry-sequenced organization 166
environment
establishing PL/I 284
interlanguage 284
ENVIRONMENT attribute 123,191,407
ASCII data sets 150,174
buffer allocation 150,165
data interchange (COBOL)
169
data management optimization 170
data set organization 150,165
device-associated files 173
in-line code optimization (TOTAL) 170
key classification (GENKEY)
170
key length option (KEYLENGTH)
172
key location option (KEYLOC)
172
magnetic tape handling options 150,167
number of channel programs (NCP) 171
PASSWORD option 166
printer/punch control 168
record format options 146,160
track overflow (TRKOFL)
171
varying-length string option
(SCALARVARYING) 171
VSAM data sets 172
epilogue 71
ERF built-in function 357
ERFC built-in function 357
error
condition code 370
conditions 12
handling 192
recovery 264
ERROR condition 192,383
error condition code 370
established action
establishing PL/I environment 284
EVENT attribute 407
event data 24
EVENT option 156
exception control statements 56
exce~tional conditions
during data conversion 47
EXCLUSIVE attribute 123,408
execution-time facili ties 6
execution, improving speed of 254
EXIT statement 105,441,56
exit-points of subroutine 104
EXP built-in function 357
explicit declaration 73
scope of 74
exponent specifiers 313
E picture character 313
K picture character 313
expression
and data conversion 35
array 35
as subscript 27
common 249
element 35
elimina.tion 252,253
evaluation 325
file 121
general discussion 4
notation 116
Index
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expression
(continued)
offset 98
operational 35
operations 37
pointer 90
preprocessor 232
simplification 252
structure 35
expression and data conversion
ambiguous references 78
classes of statements 49
default att.ributes 79
default statement 81
EX'l~ERNAL attribute
76
IN'l~ERNAL attribute
76
multiple declarations 78
prologues and epilogues 70
expressions and data conversion 35
extended floating-point form 19
extent.
of area 97
of array dimension 26
EXrERNAL attribute 409,76
external blocks 62
external names
format restrictions 10
truncation of by compil er 10
external procedure
definition 62
dynamic loading 67
external text
inclusion of 235
F option 160
F picture character 314
F-format item 319
facilities
interlanguage 279
tracing 218
factor, scaling
factored default specification 83
FB option 160
FBS opti on 160
FETCH statement 442,53,67
fetched procedures
file
additive attributes 123
al terna ti ve attributes 121
associating data sets with 126
attribute 121
closing 124
constant 120
data 23
declaration 173
expression 121
in dynamically loaded procedure
opening 124,173
option 154
parameter 117,209
PRINT 145
standard 128
SYSIN 128
SYSPRINT 128,146
variable 121,209
FILE attribute 409
FILE option 133,154
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68

FINISH
condi tion 384
condition codes 370
FIXED attribute 410
fixed binary data 17
FIXED built-in function 357
fixed decimal data 16
fixed-length records 147,162
FI XED OVERFLOW
condition 384,47
condition code 371
FLOAT attribute 410
float binary data 18
FLOAT built-in function 358
float decimal data 18
FLOOR built-in function 358
flow of control, modifying statements
FLOW option 453
FLOW statement 220,225,442,59
format
coding 9
list-directed input 137
list-directed output 137
lists 142
format item
alphabetic list of 316
COLUMN 317
control 315
data 315
edit-directed 315
LINE 320
PAGE 320
remote 316
SKIP 321
FORMAT option 237
FORMAT statement 442
FORTRAN
interface 287
library functions 110
FORTRAN option 281
FORTRAN routine
passing arguments to 280
termination of 286
FREE statement 444,53
for based variables 95
for controlled variables 87
with IN option 99
freeing
implici t
88
main storage 67
FROM option 155
FS opti on 160
function reference operands
definition 42
functions 106,265
and pseudovariables 273
arithmetic built-in 344,343
-array-handling built-in 345,344
as expression 42
as target of assignment 42
attributes of returned values 107
built-in 109
condition-handling built-in 344
eXit-points of 104
FORTRAN library 110
GO TO statement 107
mathematical built-in 345,343
multitasking built-in 344
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functions
(continued)
RETURN statement 107
storage control built-in 344
stream input/output built-in 344
string built-in 204
string-handling built-in 344,343
subroutines and 103
general syntax 266
generic
entry names 108
key 170
references 108
selection 108
GENERIC attribute 410
GENKEY option 170
GET statement 444
STRING option in 198
GO TO statement 107,,286,445,54
groups
halfword 31
HALT statement 446,56
handling
bit-string 203
error 192
interrupt 284
string 260
handling options
magnetic tape 150,167
HBOUND built-in function 358
HIGH built-in function 205,358
hints, programming 264
I picture character 312
I/O
general discussion 5
identifiers 10
definition 10
format restrictions 10
keywords 10
IF statement 446
as flow modifier 54
comparison operation 40
IGNORE option 155
I MAG
built-in function 358
pseudovariable 358
imaginary data 19
immediate mode 217
implicit
declaration 75
freeing 88
opening 125
improving speed
of compilation 254
of execution 254
IN option
ALLOCATE statement with 98
FREE statement with 99
in-line code optimization (TOTAL)
in-line operations 258
data conversion 258
string handling 260
inclusion of external text 235

170

INDEX built-in function 204" 235,358
INDEXAREA option 170
INDEXED option 160
indexed organization 176
creating data set 182
direct access 182
dummy records 182
keys 177
sequential access 182
infix operators
definition 38
with arrays 44
with structures 46
information interchange codes 120
INITIAL attribute 32,412
initial procedure 65
initialization
assignments and 269,265
of static variable 85
input
data-directed 139
general discussion 5
list-di rected 137
operation 198
INPUT attribute 122,414
input/output 274
based variables and 91
error recovery 264
facilities
263
of areas 100
operations 166
statement type 50
i'nsertion characters 201,308
• insertion character 201
/ insertion character 201,309
, insertion character 201,308
B insertion character 201,309
numeric picture specification 20
insource listing 229
integral boundary
definition 31
INTER option 281
interchange <COBOL)
data 169
interchange codes 120
interface
COBOL 287
FORTRAN 287
interlanguage environment 284
establishing PL/I environment 284
GO TO statement 286
interrupt handling 284
multitasking 286
termination of FORTRAN and COBOL
routines
286
interlanguage facilities 279
COBOL interface 287
data mapping 280
data types
280
FORTRAN interface 287
interlanguage environment 284
invocation 283,281
passing arguments to COBOL or FORTRAN
routine 280
passing arguments to PL/I procedure 282
problem data 280
program control data 280
using common storage 283
Index
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intermediate result in arithmetic
operations 38
intermediate storage of results 43
internal
blocks 62
procedure 62
INTERNAL attribute 409,414,76,78
internal to, definition 73
interrupt
facilities 7
handling 284
mul ti pI e 377
interrupt handling 284
by condition prefix 12
for programs with common expression
elimination 250
INTO option 155
invariant expressions 250
invocation 2831,281
of preprocessor procedures 233
of procedure 64
invoking block 64
IRREDUCIBLE attribute 414
iSUB defining 401
item
A-format 316
C-format 317
COLUMN format 317
data format 315
E-format 318
edit-directed format 315
F-format 319
LINE format 320
P-format 320
PAGg format 320
R-format 321
remote format 316
SKIP fonnat
321
X-format 321
iteration factors
in initialization 33
job control 264,266
joinin9 string$ (see concatenation)
K picture character 313
key 177,183
classification (GENKEY)
170
condition 384
condition codes 370
embedded 178
generic 170
len9th option (KEYLENGTH)
172
location option (KEYLOC)
172
opti.on 156
recorded 177,184
source 177,184,187
key classification 170
key classification (GENKEY)
gen€~ric key
170
GENKEY option 170
KEY opti on 156
key-sequenced organization 16n
KEYED attribute 123,415
KEYFROM option 156
KEYLENGTH option 160
518

KEYLOC option 160
KEYTO option 156
keyword
and keyword abbreviation
general definition 10
statement 12

299

label
data 23
parameter 117
prefix 12
L~BEL attribute
415
language characteristics
general discussion 3
LBOUND built-in function 359
LEAVE option 150,167
length
attribute 416
built-in function 205,358
of data-directed output fields 140
parameter bounds, 115
LENGTH built-in function 205,358
levels of locator qualification 101
library functions
FORTRAN 110
LIKE attribute 31,416
LINE
format item 320
option 134
LINENO built-in function 359
LINESIZE option 449
list
chained 95
curren t status 222
data 134
format 142
of conditions 378
parameter descriptor 112
processing 94
threaded 95
types of 96
LIST option 136
list processing 94
chained list 95
threaded list 95
list-directed 136
data in stream 136
data specification 136
input format 137
output format 137
transmission 131
listing
control statements 237,466
insource 229
source 229
listing control statements 237,58
%CONTROL 466
%PAGE 467
%SKIP 467
locate mode 159
LOCATE statement 154,447,92
locator
conversion 97
parameter 117
qualification 89
locator data 25
conversion of 37

locator qualification 89
level s clf 101
nu.ltipIE~
100
locked record 123
LOG built-in function 359
logical operation 210
logical operators 39
LOGI0 buili:-in function 359
LOG2 built-·in function 359
long floating-point form 19
loop, do 265,55
LOW built-in function 205,359
machine independence
of PL/I 3
magnetic tape handling options
LEAVE 150, 161
REREAD 150,161
MAIN option 13
main procedure
identi fying 13
passing argument to 118
mapping
data 280,469
rules L~10
structure 469,94
mathematical built-in functions 343,345
accuracy of 345
MAX built-in function 359
function 359
maximum size of numeric picture 20
member names of external structures
scope of 18
merging of attributes 125
message control program 191
MIN built-in function 359
MOD built-in function 360
mode 321
conversion 321
immedia te 211
locate 159
move 151
of arithmetic data 16
processing 91
move mode 151
multiple
ambiguous references 18
assignm(~n t statements
51
closure of blocks 62
declara tions 18
interrupts 311
labels 12
locator qualification 100
multiple generations
of based variables 95
of controlled variables 88
MULTIPLY built-in function 360
multitasking 286
built-in functions 344
general discussion 5
name
generic entry 108
qualified 29
recognition of 13
symbolic 15

name (see identifiers)
NAME condition 310,385
NAME condi tion codes 310
nested blocks
definition 62
maximum depth 62
NOCHECK statement 218,441,58
NOFLOW statement 222,448,59
NOLOCK option 151
NOMAP option 281
NOMAPIN option 281
NOMAPOUT option 281
non-connected storage 30
noniterative DO statement 56
normal termination of program 61
notation
asterisk 115,88
expression 116
syntax 295
NowRITE option 110
null
arguments 346
built-in function 360,96
character string 21
on-uni t
209
statement 12,448
NULL built-in function 360,96
number of channel programs (NCP) 111
number sign (n)
9
numeric character data 19
picture characters for 306
numeric character specifications 199
Sign specification in 202
numeric character to arithmetic
conversion 327
numeric character to bit conversion 331
numeric character to character
conversion 336
numeric picture specification
insertion characters 20
maximum si ze 20
repetition factors in 19
Object of REFER option 93
offset
expressions 98
variables 37,97
OFFSET attribute 411
OFFSET built-in function 360
ON statement 208,448,56
scope of 209
with BEGIN block 52
ON-conditions 369
and on-units 265,273
classification of conditions 378
condition codes (ON-codes)
369
example of use of 213
list of conditions 318
multiple interrupts 377
on-unit
dynamically descendant 209
file parameters 209
file variables 209
null 209
on-conditions 213
on-conditions and 265
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ONCHAR
built-in function 360
pseudo variable 360
ONCODE built-in function
361
ONCOUN'r built- in function 361
ONFILE built-in function 361
ONKEY built-in function 361
ONLOC built-in function 361
ONSOURCE
built-in function 361
pseudovariable 362
OPEN statement 124,449
opening and closing files 124
associating data sets with files 126
CLOSE statement 128
file declaration 173
implicit opening 125
merging of attributes 125
OPEN statement 124
standard files 128
TITLE option 126
operand
definition 35
operating system and job control 264,266
operating system facilities
available to programmer 7
operation
arithmetic 270,38
asynchronous 156,239
bi t·-string 38
combinations of 40
comparison 39
concatenation 40
expression 37
in-line 258
infix 36
input 198
logical 270
output 198
prefix 36
synchronous
239
using built-in functions 38
VSAM data set 173
operational expressions
definition 35
operators
ari ·t:hmetic 10
bit-·string 10
comparison 10
infix 38
prefix 38
priority of 41
string 10
optimization 249
data management 170
fea1:ures 254
in-line code 170
of input/output operations 166
optimizing compiler
facilities of 6
programming techniques for 254
option 154,93
ADDBUFF 170
ALL 59
ARGn 281
ASCII 151,175
ASSEMBLER 418
BLKSIZE 148,164
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option
(continued)
BUFFERS 150,165
BY 56
COBOL 281
COpy 133
CTLASA 168
CTL360 168
DATA 138
DESCRIPTORS 81
EDIT 141
EVENT 156,241
FILE 133,154
FLOW 453
FORMAT 237
FORTRAN 281
FROM 155
GENKEY 170
IGNORE 155
INDEX AREA 170
INTER 281
INTO 155
KEY 156
KEYFROM 156
I<EYLE NGTH 160,172
KEYLOC 160,172
KEYTO 156
LEAVE 150,167
LINE 134
LINESIZE 449
magnetic tape handling 150,167
NOLOCK 157
NOMAP 281
NOMAPIN 281
NOMAPOUT 281
NOWRITE 170
of transmission statements 133,154
OPTIONS 451
ORDER 251
PAGE 133
PAGESIZE 449
PASSWORD 166
PRIORITY 242
record format 146,160
RECSIZE 148,163
RECURSIVE 451
REE NTRANT 451
REORDER 251
REREAD 150,167
RETURNS 108
SCALARVARYING 171
SET 155
SKIP 133
statements and 192
STRING 133
TASK 241
TITLE 126
WHEN 411
OPTIONS attribute 418
OPTIONS option 451
order
of evaluation of expressions
41
of pairing 469
ORDER option 251
organiza tion
c onsecuti ve 176
data 25
data set 150,165
entry-sequenced 166

organization (continued)
indexed 176
key-sequenced 166
regional 183
REGIONAL(l)
184
REGIONAL(2) 187
REGIONAL(3) 189
output 420
data-di rected 139
general discussion 5
list-di:r-ected format 137
opera tion 198
preprocessor 229
OUTPUT attribute 414
overflow
arithmetic 17
track 171
OVERFLOW condition 386,47
OVERFLOW condition code 371
overlay defining 402
overpunched sign specification
characters 202
P-format item 320
packed decimal form 17
PAGE
format item 320
option 133
PAGESIZE option 449
pairing 469
parameter
allocation of 115
area 117
array 117
attribute 115,420
bounds 115
controlled 115
descriptor lists 112,404
element 116
entry 117
file 117
label 117
lengths 115
locator 117
preprocessor functions 233
rela tionship with arg urnents 111
simple 115
sizes 115
string 117
structure 117
type 116
parameter descriptors
programmer-defined defaults for 83
parentheses
passing arguments
to COBOL routine 280
to FORTRAN routine 280
to main procedure 118
to PL/I procedure 282
PASSWORD option 166
PENDING
condition 192,386
condition code 371
PICTURE attribute 420
charact(~r strings
22
numeric character data 19
picture character 306,311

picture character
(continued)
$ (currency symbol)
201
* (asterisk) 200
'9' in character specification 200
character-string data 305
credit 311
debit 311
decimal-point specifier 307
digit specifier 307
exponent specifiers 313
factor 314
for character-string data 305
for numeric character data 306
insertion characters 308
overpunched signs 311
scaling factor 314
signs and currency symbol 309
V (decimal point specifier) 201
Z (zero suppression)
200
zero suppression characters 307
picture specification 199,22
characters 305
insertion character. 201
insertion character /
201
insertion character, 201
insertion character B 201
numeric character 199
overpunched characters 202
picture character $ 201
picture character * 200
picture character '9' 200
picture character V 201
picture characters 200
repetition factors 22
sign specification 202
picture specification characters 305
picture specifications
character-string 202
pitfalls and common errors 266
PL/I
concepts of
environment 284
procedure 282
point of invocation of procedure 64
point specifier
V decimal 307
pointer 421
built-in function 362
expression 90
variables 37,90
POINTER attribute 417
POINTER built-in function 362
POLY built-in function 362
POSITION attribute 30,421
precision attribute 421
PRECISION built-in function 362
precision of arithmetic data 16
prefix operation 36
prefix operators
definition 38
with arrays 44
with structures 45
prefixes
condition 12,207
label 12
preprocessed text 229
preprocessor
do-group 235
Index
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preprocessor
(continued)
exp:ressions 232
functions
233
input 229
output 229
procedures 233
RE'I'URN 466
scan 229
stage 229
statements 236,461
variables
232
~reprocessor scan
229
character strings and comments 231
rescanning and replacement 230
preprocessor statements 236,57
"AC~rIVATE
461
"assignment 462
"DEACTIVATE 462
"DECLARE 4 6 3
"DO 463
"END 464
"GO TO 464
"IF 464
"INCLUDE 464
"null 465
"PROCEDURE 465
RETURN 466
primary entry point 64
PRINT attribute 123,421
PRINT files 145
standard file SYSPRINT 146
printer/punch control (CTL360/CTLASA)
168
priority
of operands 41
of operators 41
of t.asks 242
PRIORITY built-in function 362
PRIORITY option 242
PRIORITY pseudovariable 363
problem data 280,80
definition 15
procedure
blocks 61
labels on 61
main 13
preprocessor 233
recursive 69
reference 63
termination of 66
procedure 'block
definition 13
invoking 13
PROCEDURE statement 264,450,52
processes in application of attributes 79
processing
batch 217
conversational 217
list: 94
mode
157,91
processing modes 157
locate mode 159
move mode 157
processor stage 229
PROD built-in function 363
program
amending 227
coding for optimizing compiler 252
control 267
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program (continued)
control data 280,80
elements 9
interrupt handling for 250
message control 191
organization 61
str ucture 3,12
termination 67
program control data 280,80
area 25
compari sons 39
:iefini tion 15
entry 24
event 24
file 23
label 23
locator 25
restriction on conversion of 37
task 24
program organization statement type 52
programmer-defined default 83
programming example 246
~rogramming techniques for optimizing
::=ompiler 254
additional hints 264
improving 3peed of compilation 254
improving speed of execution 254
in-line operations 258
use of input/output facilities 263
use of storage 260
£)rologues 70
pseudovariable
2 OMPLETI ON 355
COMPLEX 356
:lefi ni ton 42
IMAG 358
ONCHAR 360
ONSOURCE 362
PRIORITY 363
REAL 363
STRIN3 364
SUBSTR 365
UNSPEC 366
?unch, card
POI' ALL statement
226
PUT diagnostic statements 59
por FLOw statement 225
PUT SNAP statement 225
por statement 453
pur variables 222
qualification
locator 89
multiple locator 100
qualified names
29
of structure elements
quotation marks
21

29

R picture character 312
item 321
RANGE option 434
reactivation of active procedure
READ statement 154,454,92
real arithmetic data 16
REAL attribute 422
REAL built-in function 363
~-format

69

RE~L pseudovariable
363
recognition of names 73
record
alignment 484
condition codes 370
D-format, 151,175
DB-format 151,175
dummy 1.82,184,188,189
files 1.95
fixed-length 147,162
locked 123
transmission 50
undefined-length 148,163
variable-length 147,162
RECORD attribute 122
RECORD condition 192,386
record format defaults 149,165
record format options 146,160
BLKSIZE option 148,164
fixed-length records 147.162
RECSIZE option 148,163
undefined-length records 148,163
variable-length records 147,162
record-orie!nted transmission 193
recorded key 177,184
recovery
input/output error 264
RECSIZE opt,ion 148,163
recursion 69,86
RECURSIVE option 451
REDUCIBLE attribute 422
redundant expression elimination 253
reentrability 240
REENTRANT option 451
REFER option 93
reference
generic entry name s 108
subroutine 105
REGIONAL da.ta sets 166
regional organization 183
keys 183
types of' 184
REGIONAL (1) organization 184
creating data set 184
direct access 186
dummy records 184
sequential access 186
REGIONAL (2) organization 187
creating data set 188
direct access 188
dummy re!cords 188
sequential access 188
SOtIrce keys
187
REGIONAL (3) organization 189
creating data set 189
direct access 190
dummy re!cords 189
sequential access 190
relationship of arguments and
parameters 111
allocati.on of parameters 115
argument and parameter types 116
dummy arguments 111
entry at.tribute 112
RELEASE statement 456,53,67
remote format item 316
REORDER option 251
REPEAT built-in function 205,363

repetition factors
in character string data 21
in numeric picture specifications 19
repetitive specification 135
replacement 230
REREAD option 150,167
rescanning 230
reserved words 73
restoring standard defaults 82
results of arithmetic operations 38
results of assignments 43
RETURN
preprocessor statement 466
return codes 288
RErURN statement 105,107,457,56,66
returned value 234
attributes of 107
RETURNS attribute 108,422
RErURNS option 108
programmer-defined default for 83
RETURNS attribute and 104
REVERT statement 211,457,57
REwRITE statement 154,457
RourID built-in function 363
S picture character 311
scale of arithmetic data 16
scaling factor 314
scan, preprocessor 229
scope
of condition prefix 208
of contextual declaration 74
of declaration of name 73
of DEFAULT statement 82
of explicit declaration 74
of member names of external
structures 78
of ON statement 209
secondary entry point 64
selection, generic 108
self-defining data (REFER option)
93
object of REFER option 93
structure mapping 94
sequential 122
access 182,188,186,190
update 176
SEQUENTIAL attribute 423
SET option 155
setting
event variables 244
pointer variables 90
sharing data between tasks 243
sharing files between tasks 244
short floating-point form 19
SIGN built-in function 363
sign specification in numeric character
specifications 202
SIGNAL statement 211,459,57
signs and currency symbol 309
+ picture character 311
$ currency symbol 311
picture character 311
S picture character 311
simple defining 400
simple parameter 115
simple statement 12
simplification, expression 252
Index
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SIN built-in function 364
SIND built-in function 364
SINH built-in function 364
SIZE
attribute 423
condition 17,212,387
condition code 371
raised in data conversion 47
SIZE condition 17
SKIP
forma t item 321
option 133
SNAP option 225
30urce 325
key 177,184
keys 187
listing 229
program 266
to target rules 325
special characters 9
specification
attribute 81
character 202
character-string picture 202
characters 305
data 134
data-directed data 138
edit-directed data 141
factored default 83
list-directed data 136
numeric character 199
picture 199
picture character '9'
200
repeti ti ve 135
specification for input
data-directed data 139
specification for output
data-directed data 139
specifier
decimal digit 307
decimal-point 307
digit 307
exponent 313
V decimal point 307
SQRT built-in function 364
stage
preprocessor 229
proce ssor 229
standard defaults
application of 79
restoring 82
standard file 128
input file SYSIN 128
output file SYSPRINT 128,146
statement
%assignment 462
%null 465
ALLOCATE 425
and options 192
assignment 427
BEGIN 429
CALL 241,430
CHECK 218, 431
classes of 49
CLOSE 128,432
data transmission 132,153
DECLARE 432
DEFAULT 433,81
524

statement (continued)
DELAY 245,436
DELETE 154,436
descripti ve 49
DISPLAY 437, 51
DO 437
END 105,440
E:NTRY 440
EXIT 105,441
FETCH 442
FLOW 220,442
FORMAT 442
FREE 444
general discussion 12
GET 444
GO TO 107,286,445
GOTO 105
HALT 446
IF 446
listing control 237,466
LOCATE 154,447,92
NOCHECK 218,447
NOFLOW 222,448
null 448
ON 208,448
OPEN 124,449
preprocessor 236,461
PROCEDURE 264,450
PUT 453
PUT ALL 226
PUT FLOW 225
PUT SNAP 225
READ 154,454
RELEASE 456
RETURN 105,107,457
REVERT 211,457
REWRITE 154,457
SIGNAL 211,459
STOP 105,459
UNLOCK 154,459
WAIT 244,459
WRITE 154,460
statement prefixes
condi tion 12
label 12
STATIC attribute 423
static storage 85
allocation of 68
initialization of 85
static variables 68
STATUS built-in function 245,364
status list, current 222
STOP statement 105,459,56
storage
automatic 85
based 89
controlled 86
non-connected 30
static 85
use of 260
using common 283
storage allocation 68
types of 4
storage control
automatic storage 85
based storage 89
built-in functions 344
controlled storage 86

storage control
(continued)
statement type 53
static storage 85
STREAM attribute 122,423
stream input/output built-in functions 344
stream transmission
data-directed data 138
list-directed data 136
statement type 50
SrRING 273
built-in function 205~364
data 21.
handling 260
operator 10
overlay defining 402
paramet er 117
pseudovariable 364
unaligned bit 153
STRING built-in function
in array expressions 44
str-ing built-in functions 204
BIT 204
BOOL 205
CHAR 204
HIGH 205
INDEX 204
LENGTH 205
LOW 205
REPEAT 205
STRING 205
SUBSTR 204
TRANSLA'I'E 205
UNSPEC 205
VERIFY 205
string data.
altering length of 197
bit 22
charact€!r
21
qualified names 29
SrRING option 133
in GET statement 198
in PUT statement 198
STRING pseudovariable 364
string-handling built-in functions
344,343
STRINGRANGE
condition
212,387
condition code 371
STRINGSIZE 388
condi tion 388
condition code 371
raised in data conversion 47
structure 27
arrays of 29
BYNAME assignments 46
controlled 89
expressi.on 35,45
infix operators with 46
mapping 469,94
operations involving arrays 45
parameter 117
prefix operators with 45
qualified names
29
str-ucture mapping 94
example of 471
rules 469
structure-and-element operations
46
structure-and-structure operations 46

structure, program
general discussion 3,12
subparameter, DCB 150,172
subroutine 105
and functions 103
built-in 110
END statement 105
EXIT statement 105
GOTO statement 105
reference 105
RETURN statement 105
STOP statement 105
subroutine reference 105
sUbroutine and functions 103
built-in functions 109
built-in subroutines 110
ENTRY attribute 104
entry points of 104
exit-points of 104
FORTRAN library functions 110
functions 106
generic entry names and references
passing argument to main procedure
relationship of arguments and
parameters 111
RETURNS attribute and RETURNS
option 104
subscripted qualified names
definition 29
StJBSCRIPTRANGE
condition 212,388
condition code 372
subscripts
expressions used as 27
of arrays
26
SUBSTR built-in function 204,235,365
SUBSTR pseudovariable 365
SUM built-in function 365
suppression character
* 308
Y 308
Z
308
zero 307
symbol
$ currency 311
symbolic name 15
synchronization of tasks 243
synchronous operation 239
syntax notation 295
SYSIN standard input file 128
SYSPRINT
standard file 146
standard output file 128

108
118

T picture character 312
TAN built-in function 365
TAND built-in function 365
TANH built-in function 365
target variable
attributes of 43
task
coordination 243
creation of 241
data 24
priority of 242
sharing data between 243
sharing files between 244
Index
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task
(continued)
synchronization 243
termination of 245
rASK attribute 423
rA.SK option 241
tasking and reentrability
240
teleprocessing
data sets 167
ENVIRONMENr attribute 191
ERROR condition 192
error handling 192
message control program 191
PENDING condition 192
RECORD condition 192
statements and options 192
TRANSIENT attribute 191
TRANSMIT condition 192
termination
of blocks 65
of FORTRAN and COBOL routines
286
of program 67
of tasks 245
testing event variables 244
COMPLETION built-in function
245
STATUS built-in function 245
text, preprocessed 229
THEN clause 446
threaded list 95
TIME built-in function
365
TITLE option 126
TO option
%GO 464
GO 445
tracing facilities
CHECK statement 218
FLOw statement
220
NOCHECK statement 218
NOFLOW statement 222
track overflow (TRKOFL)
171
transfer
of invariant expressions 253
of invariant expressions or
sta temen ts 250
rRANSIENT attribute 122,191,403,424
rRA.NSLATE built-in function 205,365
transmission
data-directed 131
edit-directed 132
list-directed 131
of data-list elements 136
transmission statements
data 132,153
options of 133,154
rRANSMIT
condition 192,388
condition codes
370
transmitted data 153
rRONC built-in function 366
tuning a program for virtual storage 277
type conversion 36
types
argument 116
data 280
of list 96
of regional organization 184
of statements
49
parameter 116
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U option 160
UNALIGNED attribute 31,391,424
effect of 470
unaligned bit strings 153
UNBUFFERED attribute 122,397,424
undefined-length records 148,163
UNDEFINEDFILE
condi ti on 389
condition codes 370
UNDERFLOW
condition 389,47
condition code 371
uninitialized variables 23
UNLOCK statement 154,459
UNSPEC built-in function 205,366
UNSPEC pseudovariable 366
UPDATE attribute 122,414,424
update, sequential

V decimal point specifier
V option
160
V picture character 201
value returned 234

307

variable
aliased 252
area 97
based 89
definition 15
file 121
offset 97
pointer 90
preprocessor 232
PUT 222
setting pOinter 90
static 85
uninitialized 23
VA.RIABLE attribute 424
variable-length records 147,162
VA.RYING attribute 21,396,424
varying-length string
and area variables 153
option (SCALARVARYING)
171
VB option 160
VBS option
160
VERIFY built-in fUnction 205,367
virtual storage tuning 277
VS option
160
VSAM data sets
172
file declaration and opening 173
operations 173
wAIT statement
244,459
WHBN option 411
wHILE option 55
word 31
wRITE statement 154,460

x picture specification character
X-format item

321

Z picture character 200
Z zero suppression character 308
zero suppression character 307

22

ZEROOIVIDE

condition 371,390,47
condition code 371
48-character set

9,298

set

9,297

60-charactE~r

9 in numeric character specifications
9 picture specification character

200

22
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programmers, and operators of IBM systems. Your comments on the other side of this
form will be carefully reviewed by the persons responsible for writing and publishing
this material. All comments and suggestions become the property of IBM.
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