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PREFACE

This manual is a combined tutorial and reference manual for GCOS PL/I. 
This manual is intended for a programmer who is experienced in the use of 
high-level languages, such as FORTRAN, COBOL, or ALGOL.

The sections of this manual are organized to reflect the main features of 
the language. After the introductory section, three aspects of data values are 
considered: values as abstractions, values in storage, and the conversion of 
values from one storage type to another. Next, the overall syntax of a program 
is considered, ranging from small constructs (such as the identifier) to 
intermediate constructs (the statements) to large constructs (the blocks). 
Against this background, the declaration of identifiers and the management of 
storage are described. Then, the features that are used to compute and store 
values are considered, followed by a description of the features that are used 
to determine the sequence in which program statements are executed. Finally, 
the statements for input/output are given. The manual has an appendix tnat 
gives the syntax of all of the statements of PL/I.

Two related Honeywell publications on GCOS PL/I are cited in the 
Introduction of this manual. They are the PL/I Language Manual (AG94) and the 
GCOS PL/I User’s Guide (DEOU).

1976, Honeywell Information System Inc. F ile No: IP33,1733
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SECTION I

INTRODUCTION

PL/I is a genera 1-pur pose, high-level programming language. It is designed 
for use across the entire spectrum of computer applications, including 
scientific, business, and system programming; and it is an alternative to 
FORTRAN, COBOL, or assembly language. The complete PL/I language is a large and 
complicated language that provides an experienced programmer with unusual power 
and flexibility. On the other hand, subsets of PL/I can be selected for 
specific application areas, and these subsets are easy to learn and use.

The language has a wide range of data types and data structures, and these 
allow program data to be organized in a clear and convenient way. The program 
syntax and the control statements of PL/I allow programs to be written in a 
modular, structured, and easy-to-read style.

GCOS PL/I is closely related to a draft standard that is being developed by 
the American National Standards Institute and the European Computer 
Manufacturers Association. When this manual mentions Standard PL/I, the 
reference is to the language described in the draft ECMA/TC10 - ANSI.X3J1 
Basis/1, July 197L. This manual does not specify all differences between GCOS 
PL/I and Standard PL/I.

This manual covers all of GCOS 
explained by an example, and the rules of 
that are informal but complete.

PL/I. Each feature of the language is 
the language are given in definitions

Most of this section is devoted to a general description of PL/I. The 
description begins with a listing of the main features of the language and 
continues with a consideration of the applications of PL/I. After that, the 
fundamental notions of program validity and correctness are defined. Finally, 
several publications that are useful in the study of PL/I are cited.

THE MAIN FEATURES OF PL/I

PL/I brings together in a single language some of the most successful 
features of earlier programming languages. The design of the language was a 
major undertaking; it took nearly ten years and involved many separate groups 
and committees. The final result is a consensus rather than a unified approach 
to programming. The strength of the language is in the great variety of its 
features; its weakness is in the relation of these features to one another. A 
description of the main features of the language follows.
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Data Descr i pti on

In PL/I, a variable is described in terms of the set of values it can 
accommodate rather than in terms of the hardware storage it occupies. Consider 
the following declarations:

DCL X FIXED DECIMAK 7, 2) ;
DCL Y CHARACTERS) ;
DCL Z BIT(36) VARYING;

Each of the three variables just declared occupies two words of GCOS memory; 
therefore, from the point of view of the hardware, the variables are very 
similar. However, from the point of view of PL/I, each variable is entirely 
different from the others. The storage designated by X accommodates a 
fixed-point number with seven decimal digits, two of which occur after the 
decimal point. The storage designated by Y accommodates a string of eight ASCII 
characters. The storage designated by Z accommodates a varying length string, 
with a maximum length of 36 bits.

The handling of data storage in the manner just described is fundamental to 
the nature of high-level languages. It makes programs less hardware dependent. 
In addition, it allows the compiler to detect some errors in a program (such as 
an attempt to take the square root of a program address) and to supply 
conversions where they are required (as in the assignment of a fixed-point value 
to a floating-point variable). The more information the data descriptions give, 
the more efficiently a compiler can manipulate the data.

PL/I is unusual because of the large number of different storage types that 
are available in the language. A variable can be declared in any of the 
fol lowing ways:

An ar i thmeti c variable can be declared to accommodate a number with 
fixed-point or floating-point scale and binary or decimal base. The 
length of the number can range from one digit to many digits, and the 
binary point or decimal point can be positioned anywhere in the 
number. The number can be complex for use in scientific programming. 
Therefore, virtually all important representations for numbers are 
available, and a programmer can choose the representation that exactly 
suits his needs.

A string variable can be declared to accommodate a sequence of ASCII 
characters or a sequence of bits. It can be stored as a compact, 
fixed-length string or a more flexible varying-1 ength string.

A pi ctu red variable can be used to accommodate a value that can be 
interpreted either as a number or a character string, as circumstances 
require. The use of such variables can greatly simplify the 
formatting of input/output.

An address variable or an area variable can be used in performing 
operations that formerly could be performed only in assembly language.

An array variable can be declared to accommodate a sequence of smaller 
variables, all of the same type, that are designated by subscripts.

A s tructure variable can be declared to accommodate a sequence of 
smaller variables that are not necessarily of the same type and that 
are designated by subnames.
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Each different kind of data is called a s to r age type. The large number of 
storage types in PL/l is the main cause of the size of the language. For each 
storage type, both the range of values and the representation of values must be 
defined. For arithmetic and string values, the representation of each value as 
a character sequence must be defined, so that the value can be read in, printed 
out, or used as a constant in a program. Rules for conversion must be given for 
any pair of storage types between which conversion is reasonable. The operators 
and built-in functions must be defined to operate on many storage types 
directly, without a preliminary conversion of operands.

A programmer who is learning PL/l needs a casual acquaintance with the full 
range of storage types. Once the programmer begins to write a specific program, 
however, he can concentrate on the storage types required by the program. For 
example, a program can be written that reads in some numbers, performs some 
computations, and then prints out numbers; such a program requires only 
arithmetic storage types. Later, a second version might be written that 
produces output suitable for immediate publication; this version would require 
character string variables as well as numbers. Still later, the program might 
be converted to operate on a permanent data base, and address variables and area 
variables would be useful. An advantage of PL/l is that a program can become 
more complicated without outgrowing the language.

Program Structure

A PL/l program is a set of one or more external procedures. Each external 
procedure is compiled separately; nevertheless, any variable can be shared 
between all the external procedures of a program by declaring it EXTERNAL. This 
arrangement makes it practical to develop a large program as a collection of 
separate modules; then, when development is complete, the modules can be used 
toge the r.

Each external procedure can contain internal procedu res. Internal 
procedures can be nested, so that a given procedure can be programmed in terms 
of smaller procedures. Each procedure can have its own variables, so that the 
data as well as the program can be structured by means of nested procedures. 
This feature of PL/l makes it suitable for top-down program design.

Storage management is closely related to the procedure structure of a 
program. In most applications, storage management requires little attention 
from the programmer. When storage management is not specified for a variable, 
the variable is automatically allocated and freed as control enters and leaves 
the procedure in which it is declared. Occasionally it is necessary to declare 
a variable STATIC so that it will remain throughout program execution. Advanced 
features for storage management are available for use where programmed storage 
management is necessary.
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Compu ta t i on

The computational power of PL/I is provided by the more than one hundred 
built-in operations of the language. Each operation is designated either by an 
operator, such as + , or a built-in function name, such as LOG. The operations 
a re:

The ar i thme t i c operations, which include the basic arithmetic 
operators, the relational operators, and built-in functions for 
comparison, truncation, sign-manipu1 ation, and complex arithmetic

The ma thema t i ca1 operations, which are built-in functions. for 
exponentiation, logarithms, trigonometry, and statistical analysis

The string operations, which include operations for putting strings 
together, taking them apart, comparing them, searching them, and 
ordering them

The address and area operations, which are used 
of storage management and list processing

The array operations, which are 
array variables

especially for

The conver s i on operations, which can be used to 
conversion between storage types

for advanced methods

the manipulation of

perform any reasonable

The spec i a 1 operations, 
interrupt handling, and

which are used for details of input/output, 
the determination of the time and date.

The interpretation of an operation depends on the storage types of its 
operands; for example, the + operator is interpreted in one way for fixed-point 
decimal operands, in a very different way for complex floating-point operands, 
and in yet another way for array operands. It is a fundamental principle of 
PL/I that if there is a reasonable interpretation for an operator with given 
operands, then the operator is defined for those operands. Thus in PL/I, as in 
mathematics, a single operator can have many meanings.

The computation of a value is specified by an express i on. Another 
fundamental principle of PL/I is that an expression can be used wherever a 
variable could be used to produce a value. Thus an expression can be used to 
specify the number of elements in an array, the increment of a DO loop, or an 
output value.

Sequenc i ng

Generally, the statements of a program are executed in the order in which 
they appear; however, this sequence can be modified by f1ow-of-contro1 
statements, by procedure invocation, or by the occurrence of conditions. Each 
of these methods for modifying the sequence of execution is considered briefly 
here.

There are three statements for flow of control. The IF statement causes 
conditional execution of a statement or a group of statements; the syntax of the 
statement allows the logic of a program to be laid out in a clear and readable 
way. The DO statement causes the repeated execution of a group of statements; 
three different methods are provided for the control of the repetition. The 
GOTO statement causes unconditional transfer of control.
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There are two methods for procedure invocation. A procedure can be invoked 
by a CALL statement or a function reference. The latter case is of great 
importance, because it allows a procedure to be called in the midst of the 
evaluation of an expression and to return a result that is used in the 
evaluation of the expression.

PL/I has facilities for handling exceptional conditions. Examples of 
conditions are division by zero, reading of an end-of-file, and use of an array 
subscript that is out of range. In most cases, condition handling can be left 
to the built-in mechanisms of PL/I. However, condition handling can be 
programmed when necessary; for example, a program can be supplied for execution 
when an end-of-file for a file is read. Furthermore, conditions can be disabled 
to reduce cost; for example, the subscript range condition can be enabled during 
debugging of a program but disabled for production.

Inpu t/Ou tpu t

There are two separate facilities for input/output in PL/I, stream and 
recor d input/output. Each is surrounded by its own special purpose features, so 
the language has many operations in this area.

The facilities for stream input/output are based largely on those of 
FORTRAN. Stream input/output is intended for dealing with hard copy, such as 
cards, listings, and print-outs, rather than permanent storage. Statements with 
the LIST option can be used for input/output with a minimum programming effort. 
Statements with the EDIT option can be used to lay out and label values in an 
elaborate way on the pages of a print-out.

The facilities for record input/output are based largely on those of COBOL. 
Record input/output is used primarily for communication with permanent storage. 
The statements for record input/output are much simpler than those for stream 
input/output, and they depend on such related language features as pictured 
var i ab1es.

APPLICATIONS OF PL/ I

The use of PL/I in the three major application areas, scientific, business, 
and system programming is considered here.

Scientific Programming

Many of the features of PL/I are derived from two earlier languages for 
scientific programming, FORTRAN and ALGOL; in fact, the development of PL/I 
began with an effort to develop a new version of FORTRAN. Therefore, many of 
the features of PL/I may be familiar to the programmer with a background in 
scientific programming.
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Most scientific programs can be written using a small subset of PL/I. Such 
programs are more readable and compact than the cor responding FORTRAN programs 
would be; and, in GCOS, they are compiled into programs of comparable 
efficiency. The following guidelines specify a scientific subset of PL/I:

1.

2 .

3.

Data. Use only the following data types for variables:

FIXED BINARY(n)
FLOAT BlNARY(n)
COMPLEX FLOAT BINARY(n)
CHARACTER(n)
B I T(1)

This eliminates a large part of the 
fractional fixed-point numbers, picture 
non-computationa1 variables.

anguage; decimal numbers, 
variables, and all of the

Aggregates. Use arrays but not structures. This eliminates the 
declaration and resolution of structure names.

Storage Management. Use only the following storage classes:

AUTOMATIC
STATIC
PARAMETER

Since the PARAMETER attribute takes care of itself, the choice is 
really the simple one between the default AUTOMATIC and the 
occasionally useful STATIC. This eliminates all programmed storage 
managemen t.

Expressions. Use only scalar expressions, and use only simple or 
subscripted references. This eliminates many unfamiliar features of 
PL/ I .

Operations. Use only the following operations:

arithmetic operations 
mathematical operations 
array operat i ons

This eliminates more than half of the

Cond i t i on Hand 1i ng. Allow conditions 
for. the ENDFILE condition. This
s tatemen t.

operat ions.

to be handled by default except 
eliminates most uses of the ON

Inpu t/Ou tpu t. Use stream input/output for most input/output. Use the 
LIST option for easy programming or the EDIT option when the format 
and layout is elaborate. Use record input/output only for permanent 
storage of large arrays as GCOS files.

The subset of PL/I just described is a language not much larger than FORTRAN IV. 
The advantage of PL/I is that a particular application program can grow in 
complexity without exceeding the limits of the full PL/I language. If features 
not included in the subset are needed for increasing the efficiency, reliability 
or capacity of a program, the necessary features are available as part of full 
PL/ I .
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Business Programming

PL/I is very different from COBOL, especially in its program structure, 
computational forms, flow of control, and procedure invocation. Furthermore, 
certain facilities of COBOL have no counterpart in PL/I; for example, the SORT 
and MERGE verbs and the report writer. Therefore, PL/I is not easily accepted 
as a programming language for business applications.

Nevertheless, PL/I was designed to accommodate business programming. It 
includes generalizations of some of the most successful language features of 
COBOL, notably picture clauses, structured records, and record input/output. 
Furthermore, many of its facilities, unfamiliar though they may be, are 
well-suited to data processing. The success of the method of programming called 
s tructured programmi ng has given new impetus to the use of PL/I for business 
programming because PL/I is well-suited for structured programming and COBOL is 
not.

Many of
The following

the features of PL/I are not required for business programming, 
guidelines specify a business subset of PL/I:

1. Da fa. Use only the following data types for variables:

FIXED DEC IMAL(m,n)
CHARACTER(n) VARYING
CHARACTER(n) NONVARYING
Bl T(1)
PI CTURE"jds”

This eliminates complex, floating, and binary numbers and all of the 
non-computationa1 variables.

2. Aggregates. Use both arrays and structures.

3. Storage Management. Use only the following storage classes:

AUTOMAT IC
STATIC
PARAMETER

Since the PARAMETER attribute takes care of itself, the choice is 
really the simple one between the default AUTOMATIC and the 
occasionally useful STATIC. This eliminates all programmed storage 
managemen t.

4. Opera t ions. Use only the following operations:

arithmetic operations
concatenation operator and substring functions
system counter functions

The arithmetic operations alone are sufficient except where the 
manipulation of text is necessary.

5. Condition Handling. Allow conditions to be handled by default except 
for the following;

ENDFILE
ENDPAGE
KEY
UNDEFINEDFILE

This eliminates most uses of the ON statement.
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6. Inpu t/Qu tpu t. Use record input/output for all input/output. 
eliminates the complicated facilities for stream input/output.

Thi s

This subset is intended to be a guide for the study of PL/I. It is not intended 
to restrict the use of PL/I; for example, if a programmer already is familiar 
with stream input/output he should certainly use it where it is convenient.

System Programming

The most impressive application of PL/I is system programming. PL/I is the 
only widely available language that permits efficient system programming in a 
high-level language context. An example of the use of PL/I as a system 
programming language is close at hand: the GCOS PL/I compiler is written in PL/I 
and GMAP. ——----------------- - -------

In the following paragraphs,
system programming are described.

the features of PL/I that are important for

DATA

Any data structure can be described by an appropriate PL/I variable. A 
table of data can thus be laid out in a natural and convenient way. The packing 
of data within a table is completely under the control of the programmer; 
consequently, he is able to define any pattern of bits. He is able to control 
the size of critical data bases, and can describe such system-dependent data as 
page tables, interrupt vectors, input/output channel control words, or machine 
instructions in object programs.

PL/I based var i ab1es are valuable in system programming. They provide the 
programmer with a completely dynamic storage allocation, a powerful form of list 
processing, and a mechanism for accessing a data base that occupies any given 
storage location. Through the use of explicitly allocated based structure 
variables, the PL/I programmer can dynamically create lists, rings, trees, 
directed graphs, and so on, whose component nodes are based structure variables 
containing pointers to other nodes.

PROGRAM STRUCTURE

The structure of a PL/I program closely parallels the modular structure of 
large systems. A PL/I program can consist of several external procedures that 
call each other, communicating information through argument lists and external 
variables. An external variable is declared within each procedure that wishes 
to use it, and all such declarations are equivalent. The variable exists within 
the address space of the program but is not owned by any procedure of the 
program.

The system designer can precisely define a module’s interface by actually 
writing PL/I declarations of external variables and procedure entries. By 
appropriate use of libraries of these declarations and the % INCLUDE macro, the 
project managers can insure that all the modules use the same declarations of 
the ir shared data.
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EFFI ClENCY

The GCOS PL/I compiler was designed to compile PL/I programs into efficient 
code. In nearly all cases, storage types can be determined by the compiler. 
Therefore, most references, conversions, and operations can be compiled as 
optimized in-line code with very little run-time testing.

The handling of string data is a good example of a language feature that is 
designed for efficient imp1 ementaion. A PL/I character string value is a 
sequence of characters whose length is unlimited and is determined during 
program execution. In contrast, a string va r i ab1e is allocated with a fixed 
length. The language must reconcile this difference, and the use of string data 
is somewhat more difficult than it would be if string variables had unlimited 
length. However, the PL/I treatment of character strings allows the compiler to 
produce efficient, non-interpretive object code for operations on character 
st r i ngs.

The storage management mechanisms of the language can be implemented 
efficiently. Static storage can be allocated before execution. Au toma t i c 
storage requires a stack, which can be implemented by means of a base register 
at minimal cost. Based storage requires a pair of space management routines 
that are used when the program calls for allocation or freeing of storage; these 
routines can avoid garbage collection by using threaded lists to keep track of 
s tor age.

The parameter passing mechanism of PL/I was designed to permit compilation 
of reasonably efficient object code. The calling program always has a 
declaration of the parameters of the called procedure, even when the called 
procedure is in a separately compiled part of the program. Therefore arguments 
can be passed to parameters without any interpretive code.

PROGRAM VALIDITY

The fundamental question of PL/I programming is whether a given character 
sequence is a valid program. A valid program is one which makes sense according 
to the definition of PL/I. A program is invalid if the definition of PL/I does 
not define the result of executing the program. Validity has little to to with 
whether or not a program does what the programmer wants it to do. A valid 
program can certainly yield incorrect results; and, sometimes, an invalid 
program can yield correct results.

Examples of Invalid Programs

The simplest case of an invalid program occurs when the rules of syntax are 
violated. Consider the following example:

P: PROC;
DCL SYSPRINT FlLE;
PUT LI ST(’’HELLO” )
END;

This example is not a valid program because the statement on the third line does 
not end with a semicolon.
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Most of the syntactic rules of PL/I are easy to learn; in fact, a knowledge 
of syntax comes automatically from reading examples of valid programs. 
Furthermore, when a question of syntax does arise, it can be answered in a 
formal and almost mechanical way by the syntactic formulae that appear in the 
PL/I Language Manual.

It is possible for a sequence of characters to 
program but not a semanti ca11y valid program, 
syntactically valid program:

be a syntacti cal 1y valid 
Consider, for example, the

n• prop*
DCL SYSPRlNT FILE;
DCL X FLOAT;
PUT LIST(X**3);
END;

In this program, the variable designated by X is not set (assigned a value) 
before it is used (evaluated). The definition of PL/I says that the value of a 
variable is undefined until it is set, either by explicit initialization, or by 
assignment. Therefore the value output by the PUT statement is not defined and 
it follows that the program is not valid.

The rules of PL/I could have been designed so that any syntactically valid 
program would be completely valid. The undefined cases are not oversights; 
they were deliberately included to allow more efficient and reasonable 
interpretation of programs. Consider the example just given, the program Q. If 
PL/I initialized all variables (say to zero), then X would have a value,when it 
was used in the PUT statement and the program Q would be valid. But in most 
cases, when a variable is used before it is set, the program is i ncorrect, 
regardless of whether the definition makes it valid or not. Thus automatic 
initialization would be a wasted operation. Certainly the example program seems 
to be incorrect, because a program that always prints the same value (such as 
zero) is not useful.

A program can be invalid when it is used with improper input, 
for example, the following syntactically valid program:

Cons i der,

R• PROC *
DCL (SYS IN,SYSPRINT) FI LE;
DCL X FIXED DEC(3);
GET LIST(X);
PUT LIST(X**2);

.END;

This program is invalid unless it is used with input values whose magnitudes are 
less than 1000. If a larger value is supplied as input, then the value will not 
fit in storage and the value of X is not defined.

Observe, once again, that PL/I could have been designed so that the program 
just given would always be valid. The size of every value assigned to a 
variable could be checked before assignment, and a specific action could be 
taken if the value was too large. However, such a check would be costly; and 
since most assignments are made within a program where values can be controlled, 
it would be wasteful. Instead of checking every value, PL/I allows the 
programmer to explicitly call for a check where it is needed. The example just 
given can be made valid for all Input values as follows:

R • PROC•
DCL (SYS IN,SYSPRI NT)
DCL X FIXED DEC(3);

(SIZE): GET LIST(X);
PUT LIST(X**2);
END;
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The SIZE condition prefix on the input statement causes the value assigned to X 
by that statement to be checked. If the value is too large, the system prints 
an error message and aborts the program, and this is a well-defined action.

The program 
the action is 
i mproper input:

just gi ven 
drastic.

takes a well-defined action for improper input, but 
The following program is designed to recover from

R: PROC;
DCL (SYS IN,SYS PR I NT) FILE;
DCL X FIXED DEC(3);
DCL SIZE COND;
ON SIZE

BEGIN;
PUT LI STC’TRY AGAIN; ") ;
PUT SKIP;
GOTO L;
END;

(SIZE):
L: GET LIST(X);

PUT LIST(X**2);
END;

This program responds to improper input 
specifically, it prints "TRY AGAIN: ” and

by performing a programmed action;
calls for a new input value.

Each of the three versions of the program R are useful under appropriate 
circumstances. If the programmer can be sure that improper input will not be 
used, the first version is best because it does not entail the extra cost of the 
size check. If the programmer considers improper input to be a rare and 
unimportant occurrence, then the second version is best because it is safe but 
simple. If the programmer considers improper input to be a normal occurrence in 
the use of the program, the last version is best because it recovers.

The Interpretation of Invalid Programs

The interpretation of an invalid program is not defined for PL/I; however, 
someth i ng happens when an invalid program is compiled and executed. The 
following cases apply:

A program that is syntactically invalid is usually detected by the 
compiler. The compiler prints a diagnostic message and usually 
declines to produce the object segment.

Programs that are invalid for non-syntactic reasons are often not 
detected by the PL/I system, because the cost of checking for such 
invalid programs is too great. For example, when a variable is used 
before it is set, some particular value is used; and unless the value 
happens to make something go wrong elsewhere, program execution 
proceeds.

The detection of constructs that are invalid for non-syntactic reasons is a 
major part of the debugging of a program.
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SUGGESTIONS FOR THE STUDY OF PL/I

The following paragraphs describe various publications that are designed 
for the study of PL/I. The description begins with a list of three introductory 
texts, continues with remarks on this manual, and concludes with notes on 
related Honeywell publications.

Introductory Texts

An introductory text on PL/I 
study. Three useful texts are:

prov i des examples and a framework for fur ther

1. PL/I Prog r amm i n g Primer, by Gerald M. Weinberg, McGraw Hill, 278 
pages. This short book provides a smooth and efficient introduction 
to PL/I. It keeps strictly to the subject of elementary PL/I, and can 
be read in a short time. The use of a single programming problem 
throughout most of the book provides continuity; and the example 
program can later be run as a GCOS PL/I program.

2. PL/I for Scientific Programmers, by C. T. Fike, Prentice-Ha11, 241
pages. This book is recommended for the experienced FORTRAN
programmer. Most chapters end with a section called "PL/I and 
FORTRAN” and thus emphasize the relationship between the two
languages. The book is organized according to the features of the 
language rather than having a narrative form; therefore, it cannot be 
read as quickly as Weinberg's book.

An Introduction to Programming, by Richard Conway and David Gries, 
Winthrop Publishers, Cambridge, Massachusetts, 460 pages. This book 
is a complete course in high-level programming that is based on PL/I. 
It is too long for a quick reading, but it provides good background 
reading because its examples are all in PL/I. Included are 
discussions of top-down program development, confirmation of program 
correctness, recursive programming, scientific programming, and file 
process i ng.

There are many other introductory texts for PL/I, but most of them have the 
disadvantage that they go into details of specific computer hardware and 
specific operating systems, topics that do not contribute to the study of GCOS 
PL/ I .

The PL/I Reference Manual

The study of PL/I should 
object of this examination 
features of GCOS PL/I and the

continue with an examination of this manual. The 
should be to become familiar with the general 

way these features are described in this manual.

A variety of techniques are used in this manual to assist the reader in 
understanding PL/I and writing efficient programs. Examples are given in 
abundance and are often designed to cover all possible cases of a feature. 
Principles of design of PL/I are given to provide a framework for the details of 
the language. Guidelines for efficient and clear programming are given when, as 
is often the case, the language allows more than one way of programming a 
particular operation. Finally, repetition is freely used to avoid the use of 
cross references and to emphasize the features of the language that are most 
i mpor tan t.
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THE ROLE OF EXAMPLES IN THIS MANUAL

Many of the examples in this manual are complete programs. The use of 
complete programs has several advantages. First, such examples provide a guide 
for the details of programming style by showing how programs should be laid out 
for readability, how abbreviations should be used, and, generally, how 
statements should be put together to form a program. Further, an example that 
is a complete program does not require a discussion of the context of the 
example; it is, by definition, complete. Finally, the complete example programs 
can be used by the reader to experiment with the execution of PL/I programs in 
the GCOS environment.

However, most of the examples are not realistic applications of PL/I. A 
realistic PL/I program, even a small one, requires several pages of background 
and explanation, and such a discussion is beyond the scope of this manual. The 
examples in this manual are designed to show how certain statements are 
executed, not how they should be used to solve problems. Sometimes the absence 
of realism is obvious, as with an example program that does nothing but read two 
numbers and print out their sum. In other cases, the examples are complicated; 
nevertheless, these examples are usually contrived in order to illustrate an 
important feature of PL/I rather than to solve a real problem.

THE ROLE OF GUIDELINES IN THIS MANUAL

PL/I provides many ways to program the solution of any given problem. 
Usually it is not sufficient to write a program that produces the correct 
results; in addition, the program must be reasonably efficient and fairly 
reasonable. The guidelines given in this manual are designed to assist 
programmers in choosing among the many options offered in PL/I. When a reader 
has guidelines that are better for his own purposes than those given in this 
manual, he should ignore those given here.

In some places in this manual, guidelines are given under a special 
heading, such as ’’Guidelines for Arithmetic Data Types”; in other places, 
guidelines are mentioned as part of the definition of a feature. Usually, a 
guideline is distinguished by the use of the word ’’should” instead of ’’must”; 
for example, "when a storage unit is used for an exact integer, it should be 
FIXED BINARY.”

THE ORGANIZATION OF THIS MANUAL

The manual can serve both as an advanced tutorial and an informal 
reference. The sections are organized to reflect the main features of the 
language. After the introductory section, three aspects of data values are 
considered: values as abstractions, values in storage, and the conversion of 
values from one storage type to another. The sections that cover this material 
are:

Vaiu e s
Value Storage
Value Conversion
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Next, the overall syntax of a program is considered, ranging from small 
constructs (such as the identifier) to intermediate constructs (the statements) 
to large constructs (the blocks). Against this background, the declaration of 
identifiers and the management of storage is described. The sections are:

V.
VI .
VII.

Program Syntax
Decl arat i ons
Storage Management

Next, the features 
The sect ions are:

that are used to compute and store values are considered.

VIII. Expressions
IX. Operations
X. Value Assignment

Next, the features that are used to determine the sequence 
statements are executed are described. The sections are:

in which program

XI. P rog ram F1ow
XII. Procedure Invocation
XIII. Condition Handling

Next, the statements for input/output are described. The sections are:

XIV. Stream Input/Output
XV. Record Input/Output

The manual has an appendix that gives the syntax of all 
PL/I, except the DEFAULT statement.

of the statements of

Related Manuals

Additional information on the writing and execution of GCOS PL/I 
is available in the following Honeywell publications;

p rog rams

The PL/I Language Manual (Order Number AG94) is a semi-formal 
definition of Multics PL/I . Since Multics PL/I and GCOS PL/I are 
essentially the same, this manual can be used to obtain answers to 
specific questions about the syntax of the language.

The GCOS PL/j User's Guide (Order Number DE04) describes running PL/I 
programs in the GCOS environment. It is intended to provide 
sufficient information about control cards, file attachment, and 
system interfaces for the compilation and execution of PL/I programs.

The PL/I Language Manual is the ultimate authority on Honeywell PL/I. For the 
programmer who is beginning a study of PL/I, the manual may be difficult to use 
and understand because it is designed to be a definition, not an explanation, of 
PL/I. To the programmer who has learned Honeywell PL/I, however, the Language 
Manual is the source of all necessary information about Honeywell PL/I.
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The PL/I Language Manual describes the meaning of any given program, but it 
does not explain how to write a program. Therefore, it is essential to approach 
the manual with a we 11-formu1 a ted question, a question that is usually in the 
form "what does the following PL/I construct mean: ...?" If it is impossible to 
come up with such a question, then the appropriate section of this manual should 
be used to get the rules, examples, or guidelines necessary to formulate a 
question.
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SECTION I I

VALUES

The most important feature of PL/I is the great variety of the values that 
are provided. When a PL/I program performs a calculation, whether business or 
scientific, it does so in terms of ar i thmet i c values. When a program accepts 
input from the user or prints out a listing of results, it transmits s t ring 
values. When a program refers to the storage for its own data or to the code 
for its own statements, it uses add res s values. When a program needs to control 
storage management, it uses an area value. And when a program needs to treat 
several values as a single entity, it groups the values into an aggregate value.

In this section, each kind of value is described and the operations that 
can be applied to the value are summarized. The values are described in an 
abstract way, without consideration of the way in which they are stored in 
memory. The purpose of this section is to indicate the computational power of 
PL/ I .

ARITHMETIC VALUES

Standard PL/I does not specify the range of the arithmetic values; instead, 
it leaves this choice to each implementation of PL/I. Naturally, a useful 
implementation must provide for a reasonably large set of values. The range 
provided by GCOS PL/I is very large indeed, and is as follows:

• The gr ea tes t magn i tude of a GCOS PL/I value is ( 10**186 - 10**12 7).
This value is expressed as a decimal number by writing 59 9 digits 
followed by 127 0 digits. The number would occupy about three lines 
of uninterrupted decimal digits; and its value far exceeds any 
measurement encountered in business or scientific applications.

The sma1 lest magn itude of a value is (10**-128). This value is 
expressed as a decimal number by writing a decimal point followed by 
127 0 digits followed by a 1. Again, this number would occupy several 
lines and its magnitude is much smaller than any measurement 
encountered in practice.

The p r e c i s i o n of arithmetic values is such that two values can differ 
by as little as one part in 10**59. This is the same as saying that a 
value can be expressed as an exact 59-digit decimal number followed by 
a suitable scale factor. Thus PL/I can supply a very good 
approximation to any given number.

The arithmetic values Just described are cal 
the only ones used in business applications. 
Each complex value is composed of a pair of 
complex values is determined by the range 
are used only in scientific applications.

led rea1 values, and real values are 
PL/I also supplies compl ex values.

real values, and thus the range of 
of the real values. Complex values
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A number can be expressed exactly as a PL/I arithmetic value only if it can 
be expressed exactly in decimal positional notation. For example, 73/2 can be 
expressed exactly as 36.5 and 13/320 can be expressed exactly as 0.040621875; 
so these are PL/I arithmetic values. On the other hand 1/3 and the square root 
of two cannot be expressed exactly this way, and so must be approximated. If a 
good approximation is acceptable, then GCOS PL/I can provide that approximation; 
otherwise, special techniques must be applied.

PL/I has many operations for the manipulation of arithmetic values. The 
familiar arithmetic operators are present; in addition, several dozen built-in 
functions for integer arithmetic, trigonometry, logarithms, and statistics are 
prov i ded.

STRING VALUES

A str i ng value is a sequence of characters. Standard PL/I does not specify 
the set of characters that can appear in a string; instead, the choice of 
characters is left to each implementation of PL/I. The character set used in 
GCOS PL/I is the ASCII character set, given under "The COLLATE Function” in the 
section on "Operations". It is composed of 128 characters, as follows:

52 characters that 
and upper case

represent the letters of the alphabet in both lower

10 characters that represent the decimal digits

18 characters that represent most of the special symbols on a 
typewriter keyboard

14 characters that represent special symbols not found on an ordinary 
typewriter keyboard, many of which are useful in writing mathematical 
expressions or non-English text

1 character for the blank

33 characters that are nonprinting control characters including, for 
example, horizontal tab, new line, new page, and carriage return

Because this character set includes characters that control the layout of the 
pages, a printed document of many pages can be composed, stored, and edited as a 
single PL/I character string value.

The number of characters in a character string value is the 1ength 
value. The maximum length allowed in GCOS is 256K.

of the

Several operators and built-in functions are provided for the manipulation 
of string values. String values can be concatenated and a substring of a given 
string value can be extracted. The equality operators (’=’ and ,A=’) can be 
applied to strings. A collating sequence orders the character set, so it is 
possible to apply inequality operators (such as ’<’) to strings. Other 
functions are available for use in such advanced applications as command 
interpretation and compiler construction.
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A special kind of string value is recognized; namely, a string value 
composed only of the bits 0 and 1. Such a string value is a bit-string value. 
When a bit-string value contains a single bit, it is a Boolean value; and it 
represents ’’true” or ’’false” depending on whether the single bit is 1 or 0. By 
extension, a bit-string value of length greater than one can be treated as a 
sequence of true/false indicators. The familiar Boolean operators are provided 
for use with the bit-string values.

Any arithmetic value can be converted to a string value; the result is a 
conventional representation of the arithmetic value. Conversely, a string can 
be converted to an arithmetic value, but only if the string value is a valid 
represen tation of an arithmetic value. These conversions are essential because 
a value must be expressed as an arithmetic value if an arithmetic operation is 
applied to it, but must be expressed as a string value before it can appear in 
the output stream. In addition to providing functions that perform these 
conversions in a straightforward way, PL/I has pictured character-string 
variables, which allow numeric values to be maintained as character-string 
values in an automatic and convenient way.

ADDRESS VALUES

Every PL/I statement in a program has a unique address, and every data 
storage unit also has a unique address. It is common in computing to think of 
an address as an integer and thus endow it with arithmetic properties; but as a 
value in PL/I, an address has no other property than its association with a 
particular program statement or storage unit. For example, the "next” address 
is not defined for any address, so addresses are not even ordered.

The manipulation of address values in PL/I is deliberately limited. An 
address value can be assigned to a variable and can be produced by a reference 
to a constant, a variable or a function. The operators ’=’ and ’ =’ can be used 
to determine whether or not two address values are identical. The only 
conversion that can be applied to address values is that between a pointer value 
and an offset value.

There are three kinds of address values: statement, 
values; and descriptions of these follow.

1 oca tor, and file

Statement Values

A s ta ternent value designates a statement in 
classified as a 1abel, entry, or format value according

a program. The value is 
to the following rules:

A 1abe1 value designates a statement to which control can be 
transferred by a GOTO statement. Any statement except a PROCEDURE, 
ENTRY, or FORMAT statement can be designated by a label value.

An entry value designates a statement to which control can be 
transferred by a CALL statement or a function reference. There are 
two such statements, the PROCEDURE statement and the ENTRY statement.

A format value designates a statement that can supply a format list to 
a stream input/output statement. There is one such statement, the 
FORMAT statement.
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Locator Values

A locator value designates a storage unit for program data. There are two 
types of locator values, as follows:

A pointer value is used by itself to access a storage unit.

An offset value is used in conjunction with an area name to access a
s tor age unit.

The pointer value is similar to the absolute ma ch i ne add r es s used in assembly 
language programming, and the offset value is similar to a relative or bas ed 
machi ne address. Conversion between a pointer value and an offset value can be 
performed relative to a given area value.

File Values

In GCOS PL/I, a file value designates a collection of stored values called 
a f i1e-state block. The values in the file-state block record the status of a 
data set that is currently being used for input/output. The file value is a 
more specialized kind of address value than either the program address value or 
the locator value.

AREA VALUES

An area value is an ordered set of PL/I values. The entire set of values 
can be assigned to an area variable, passed as a procedure argument, returned as 
a procedure result, or transmitted as input or output. However, the principal 
use of an area value is as part of a specialized mechanism for the efficient 
management of storage. The most important operations on an area are the 
allocation and freeing of storage for new values within the area. However, the 
details of these operations are not relevant to this description of values. The 
area value plays a role in the definition of the OFFSET value, already mentioned 
under ’’Locator Values”.

AGGREGATE VALUES

An aggrega te value is an ordered set of PL/I values. Because it is a set 
of values, it provides a way of handling a collection of values as a single 
computational entity. Because it is o r de red, it has a f i r s t compo nen t, a s e.QQ.nd. 
componen t, and so on. And because it can contain any PL/I values, it can have 
another aggregate as a component. Thus an aggregate value can be used to 
collect values together and arrange them in a hierarchical manner, with 
aggregates within aggregates.

There are two kinds of aggregate, the a rray and the structure. An array 
must contain values that are all of the same kind, whereas a structure is not 
restricted in this way. Aside from this, the two kinds of aggregate differ in 
the way they are stored and referenced.
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Most of the operations of PL/I can be applied to aggregate values. Each 
operation is not individually redefined for this purpose; instead, a general 
rule is applied: the j_th component of the result of the operation is produced by 
applying the operation to the _i_th component of each of the given operands. Thus 
the aggregate operation is defined in terms of the conventional, non-aggregate, 
operation.

THE CLASSIFICATION OF VALUES

The previous paragraphs have traced a progression from the mathematical 
values of computation to the specialized values required for efficient 
programming. The a r i t hmet i c values are those universally accepted for use in 
calculation. The s t r i ng values are used for objects of universal importance 
(printed pages); but their precise and restricted definition is characteristic 
of computer programming rather than conventional usage. The address values are 
meaningful only in relation to the program statements or stored data, and so are 
creatures of computer programming. The area values represent a further descent 
into the special techniques of efficient programming. The aggregate values 
appear to swing back toward the world of mathematics; but their usage is 
oriented toward programming rather than mathematics.

The following list is a hierarchy for the PL/I values described in this 
section. Some useful supplementary terminology has been introduced.

sea 1 ar: any PL/I value that is not an aggregate 
compu ta t i ona1: a value of interest beyond programming 

a r i t hme t ic: a number 
s t r i ng: a sequence of ASCII characters

cha racter s t r j ng: an unrestricted string
bit s t r i ng: a string of zero’s and one’s 
pictured character-string: a specially restricted string 

non-computationa1: a value of interest only for programming 
address: a value that designates a statement or a storage unit

s ta temen t: the address of a statement 
label: the destination of a transfer 
entry: a PROCEDURE or ENTRY statement 
format: a FORMAT statement 

data: the address of data 
locator: the address of storage for a value 

po i nte.r : an ’’absolute” address 
offset: a "relative” address based in an area 

f i 1 e: the address of a file-state block 
area: values gathered together by storage management 

aggregate: an ordered set of values
a r ray: components must have the same data type 
structure: components may differ in data type
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SECTION I I I

VALUE STORAGE

The notion of values in the abstract, as described in the preceding 
section, is the link between the computing requirements of the outside world and 
the specialized technology of computers. In contrast, the notion of values i n 
s tor age, as described in this section, is dependent on features of computers 
that have no relevance to the outside world except for their contribution to 
efficient, low-cost computing. Binary numbers, normalized floating-point 
values, limited character sets, and rigid limitations on precision are features 
of computer hardware that do not have counterparts in the conventional methods 
of penci1-and-paper computing.

A principal objective of the designers of PL/I was to provide a language in 
which efficient use of the computer hardware was possible. Therefore, PL/I 
allows a programmer to give a detailed description of the storage used for each 
value that is generated during program execution. Since there are many ways to 
store a value in computer memory, there are many types of value descriptions in 
PL/I; in fact, the size and complexity of PL/I is largely a consequence of the 
many ways in which value storage can be described.

As this section continues, it gives a brief description of s torage uni ts, 
which are used to hold PL/I values during program execution. After that, the 
section gives a long description of the s tor age types, which are used to 
describe the kinds of values accommodated by a given storage unit. Most of the 
description of the storage types follows the same outline as the previous 
section on "Values”, dealing with arithmetic, string, address, area, and 
aggregate values; however, a new concept, a 1i gnmen t, is described at the end of 
the section.

STORAGE UNITS

Whenever a program refers to a value in any way, that value resides in a 
s torage unit. When a constan t appears in a program, it refers to a storage unit 
that contains an unchanging value. When a variable name appears, it refers to a 
storage unit that is used to store a computed result for later use. Even a 
func t i on reference or an opera to r express i on designates a storage unit in which 
its result is stored, briefly, until that value is used elsewhere.

Suppose that the variable 
then a portion of data storage

names ALPHA and BETA are used in a PL/I 
can be diagrammed as follows:

program;

ALPHA L

BETA /
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This diagram contains two storage units. Each storage unit consists of a 
des i gnator, which is the name of a variable, and a box, which can hold a value. 
Suppose, next, that the following assignment statements are executed:

ALPHA = 3.8;

BETA = -2*ALPHA;

Immediately after these assignments, the storage units become:

ALPHA / +3.8

BETA / -7.6

Each storage un t now has a contents as well as a designator and a box.

STORAGE TYPES

It is possible to design a programming language in which each storage unit 
can hold any type of value. Some of the interactive languages for the solution 
of simple problems by non-programmers are designed in this way. In such a 
language, the same variable can accommodate any kind of number or, for that 
matter, an array of 50 numbers; and if the language has string values or address 
values, then the variable can also accommodate them. Such a language is easy to 
learn, but its programs are executed much less efficiently than they could be.

A principal requirement for the efficient execution of a program is the 
restriction of the kinds of values that can be assigned to a given storage unit. 
In PL/I , this restriction is applied by associating a s to rage jLZpe. with each 
storage unit. The storage type gives three kinds of information, as follows:

The data type describes the 
single datum, such as a 
address.

range and representation of storage for a 
number or a character-string or a program

The aggregate type describes the 
values is arranged in an array or

way storage for a collection of 
a s tructure.

The a 1 i gnment type describes the way the storage is laid out in 
hardware memory and thus determines the memory required and the ease 
of access.

PL/I provides for efficiency in two ways. First, it requires a storage type so 
that the range of the storage unit is known when the program is compiled. 
Second, it provides many different storage types so the programmer can choose 
the representation best suited to the problem.

Two introductory examples of the interpretation of storage types follow. 
The examples depend on rules that are given later in this section, when the 
various data types, aggregate types, and alignment types are described.
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As the basis for the first example, consider the following DECLARE 
s ta temen t:

DCL GAMMA FlXED(8);

This statement gives the storage type for the variable named GAMMA; it does so 
by means of the scale a 11 r i bu te FIXED and the precision attribute (8). The 
statement uses various abbreviations and defaults for the storage type, and 
without them the statement would be:

DCL GAMMA REAL FIXED BINARY PRECISI0N(8,0) ALIGNED;

According to this declaration, the storage type for GAMMA is as follows:

The data type is REAL FIXED BINARY PR EC ISI ON(8,0). This means that 
the contents of the storage unit named GAMMA must be a number that can 
be expressed as a signed eight-digit binary integer.

The aggr egate type i s scalar since no aggregate type is explicitly 
given in the DECLARE statement. This means that the storage unit 
accommodates a single number, not an array or a structure of numbers.

The al i gnment type is ALIGNED. In this case, a full word must be 
allocated for the variable, so that access to the variable is 
eff i c i ent.

The details of the data type for this example are discussed later in this 
section under "Arithmetic Storage".

The following is a diagram of the storage unit for GAMMA as just declared:

F I XED(8)
GAMMA / -15

The storage unit now has the s to rage type written above it as well as a 
designator, a box, and a contents. Observe that the contents is a value that 
satisfies the restriction imposed by the storage type.

As a second example of the declaration of the storage type, consider the 
following:

DCL 01 CUSTOMER ALIGNED,
02 NAME CHAR(18), 
02 CODE(2) DEC(4);

This statement gives the storage type for the variable named CUSTOMER; it does 
so by means of attributes and level numbers. The storage type, by itself, is:

01 ALIGNED, 02 CHAR(18) 02 DIM(2) DEC(4)

Once again, the statement uses various abbreviations and defaults for the 
storage type, and without them the statement would be;

DCL 01 CUSTOMER ALIGNED,
02 NAME CHARACTERC18) NONVARYING ALIGNED,
02 CODE DIMENSIONS) REAL FIXED DECIMAL PR EC I S I ON ( 4, 0 ) ALIGNED;
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According to this declaration, the variable CUSTOMER is a sequence of three 
components, and its storage type is as follows:

The data type is CHARACTERC18) NONVARYING for the first component and 
REAL FIXED DECIMAL PREC ISI ON(4,0) for the last two components. This 
means that the first component accommodates a string of 18 characters 
and the second and third components each accommodates a signed 
four-digit decimal integer.

The agg rega te type is 01z 02, 02 DI MENS I0N(2). This means that the 
variable is a structure with two members, and the first member is a 
scalar while the second is a one-dimensional array with two elements.

e The a 1 i gnment type is ALIGNED for 
that the variable should be 1 
access rather than to save space, 
words; if it had been UNALIGNED, 
words.

The details for this storage type are given 
of the example is to provide an introductio

all three components. This means
aid out in memory to permit efficient

In GCOS, the variable takes nine
it could have been packed into seven

later in this section; the purpose 
n, not a complete explanation.

The following is a diagram of the storage units for CUSTOMER as just 
dec 1 ar ed:

CHAR(18) ALIGNED
CUSTOMER .NAME J_ /

DEC(4) ALIGNED
--------- ___ .CODEC 1) L_____________  _ - J

DEC(U) ALIGNED
--------------------------- (2) / /

In this diagram, the aggregate type is shown by the way the three designators 
are arranged. The hyphens are used like ditto marks, so that the designators 
for the storage units are:

CUSTOMER.NAME
CUSTOMER.CODEC 1)
CUSTOMER.CODEC 2)

For convenience of discussion, the storage for the entire variable is called a 
storage unit. Thus one speaks of a structure storage unit that is made up of 
three component storage units just as one speaks of a structure value made up of 
three component values.

ARITHMETIC STORAGE

PL/I is designed primarily for operations on arithmetic values. If 
differences of scaling and precision are ignored, there are eight different ways 
to represent an arithmetic value in storage. The choice.of one of.these kinds 
of storage and the choice of an appropriate precision is a choice between 
convenience and efficiency. For example, it is more convenient to use decimal 
numbers throughout, but scientific computations can be performed much more 
efficiently in binary. For another example, it is more convenient to use a 
large number of digits for a variable, but it is more efficient to determine 
exactly how many digits are required and use no more. The selection of the type 
of storage for an arithmetic variable is an important part of the engineering of 
a PL/I program.
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This discussion begins by defining the arithmetic data types and their 
correspond!ng storage units, continues with abbreviations and defaults that 
allow data types to be written more concisely, gives examples of various 
arithmetic storage units, and concludes with guidelines for the selection of a 
data type for a given purpose.

Arithmetic Data Types

The complete data type for an 
sequence of four arithmetic attributes. 
base, and prec i s i on, as described in the

arithmetic storage unit is given as a 
These attributes are the mode, scale, 
following paragraphs.

THE MODE ATTRIBUTE

The mode attribute is one of the following keywords:

REAL 
COMPLEX

These attribute keywords are taken from the language of mathematics where they 
have a technical meaning that is different from their everyday meaning. The 
choice of mode is important only in scientific applications that make use of the 
theory of complex numbers. In all other applications of PL/I, the mode 
attribute must always be REAL.

A storage unit with the REAL attribute accommodates a number that can be 
represented as a signed sequence of digits in which a decimal or binary point 
appears. This includes all numbers that are used in business applications, 
system programming, and everyday calculation. It also includes most numbers 
used in scientific applications.

A storage unit with the COMPLEX attribute accommodates a number that can be 
represented as a pair of real numbers, called the rea1 part and the i mag i na ry 
part, respectively. Both members of the pair have the same scale, base, and 
precision, as specified by the other attributes of the data type.

THE SCALE ATTRIBUTE

The scale attri bute is one of the following keywords:

FIXED
FLOAT

These attribute keywords refer to the decimal or binary point of the number. In 
a FIXED storage unit, the point cannot move, whereas in a FLOAT storage unit, 
the point can be thought of as moving to accommodate a wider range of values in 
a given number of digits.
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A storage unit with the FIXED attribute accommodates a value that can .be 
represented as a signed sequence of digits in which a decimal or binary point 
appears. The point can appear anywhere, but its position is determined when the 
storage unit is created and remains fixed throughout the existence of the 
storage unit. For a given FIXED storage unit, the number of digits and the 
position of the point are both specified by the precision attribute, which is 
described a little later.

A storage unit with the FLOAT attribute accommodates a value that can be 
represented in one of the following forms:

m * (2**>e) (if the scale is BINARY)

m * ( 10**_e) (if the scale is DECIMAL)

where m is the manti s sa and e. is the exponent. The mantissa is a signed 
sequence of digits in which a point appears. For BINARY scale, the point 
appears to the left of the first digit, so that the mantissa is a fraction. For 
DECIMAL scale, the decimal point appears to the right of the last digit, so that 
the mantissa is an integer.

The number of digits in the mantissa is determined by the precision 
attribute, which is described later. The exponent must lie in the range:

“128 1 e < +127

When a value is assigned to the storage unit, there is some freedom in the 
choice of the mantissa and the exponent. For example, if the mantissa has four 
decimal digits, then the value 1.4 can be represented in the following ways:

+ 0014.*(10** -1) 
+ 0140.*(10**-2 ) 
+ 1400.*(10**- 3)

However, a representation is never chosen that discards 
than necessary, and 1.4 would not be represented as

+0001.*(10**0)

Thus the variable exponent not only allows a wide range 
allows the full use of each digit of the mantissa whenever

more low-order digits

of values but also 
necessary.

The exponent can be thought of as expressing the number of places the 
mantissa point should be moved to give the true value of the storage unit. That 
point of view is the source of the term ’’floating point” and the keyword FLOAT.

THE BASE ATTRIBUTE

The base attribute is one of the following keywords:

Bl NARY
DECIMAL

These attribute keywords refer to the number system that is used in representing 
the value.

3-6 DE05



A storage unit with the BINARY attribute uses binary digits in representing 
its value. Thus a FIXED BINARY storage unit that has three significant digits 
followed by a binary point can accommodate the integers from -7 to + 7.

A s torage unit with 
representing its value, 
significant digits followed 
-999 to +999.

the DECIMAL attribute uses decimal digits in 
Thus a FIXED DECIMAL storage unit that has three 
by a decimal point can accommodate the integers from

THE PRECISION ATTRIBUTE

The complete precision attribute has one of the following forms:

PREC I S I ON(jd,£)

PRECISIONS)

where _p and c[ are the number-of-d i gi ts and the sea 1 e~factorz respectively. The 
first form is used when the scale is FIXED and the second form is used when the 
scale is FLOAT. The number-of-digits and the scale-factor must each be given as 
an optionally-signed integer constant. They cannot be given as general 
expressions because their values must be known to the compiler.

The number-of-d i g i ts determines how many digits appear in the storage unit. 
The number-of-digits must lie within a certain range, and that range depends on 
the scale and base attributes that appear with the precision attribute. The 
ranges are:

Scale and Base Mini mum Maxi mum

FIXED BINARY 1 71

FLOAT BINARY 1 63

FIXED DECIMAL 1 59

FLOAT DECIMAL 1 59

This table shows, for example, that the storage type REAL FIXED BINARY 
PR EC ISI ON(70,0) is valid but REAL FIXED DECIMAL PR EC ISI ON(70,0) is not. The 
ranges are not part of Standard PL/I; they are chosen for each implementation, 
and the values shown here are those for GCOS.

In a FLOAT storage unit, the number-of-digits refers to the digits in the 
mantissa and does not include digits used in the exponent. In the case of a 
FLOAT BINARY storage unit, the number-of-digits establishes a mini mum for the 
number of mantissa digits. The purpose of this latitude is to permit efficient 
use of floating-point binary hardware; in GCOS, the provision is exploited as 
follows: if the number of digits is 27 or less, then 27 digits are used for the 
mantissa; otherwise, 63 digits are used. This corresponds to the choice between 
single and double precision floating-point binary in the GCOS hardware.
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The seale-factor 
of the point in a FIXED 
fol lowing range:

determines the number of significant digits to the right 
storage unit. The scale-factor is restricted to the

Sea 1 e

FIXED

FLOAT

Mini mum Ma x i mum

-128 +127

(not appli cab 1e)

A fixed-point storage unit 
position the point and are 
number-of-d i g i ts. Suppose the 
cases must be considered:

can have filler zeros. These zeros are used to 
not counted in the determination of the 

precision attribute is PR EC I S I 0N( jd, £); then three

If P 2 q 2 0/ then no filler zeros are required because the point is 
adjacent to one of the significant digits. For example, the storage 
type REAL FIXED DECIMAL PR EC ISI ON(5,2) accommodates any value that can 
be represented by a sign, three significant digits, a decimal point, 
and two more significant digits. Thus the value -203.49 or the value 
1.2 can be accommodated.

If p < q, then q-p filler zeros are assumed between the point and the 
first significant digit. For example, the storage type REAL FIXED 
DECIMAL PRECISI0N(5,7) accommodates any value that can be represented 
by a sign, a decimal point, two filler zeros, and five significant 
digits. Thus the fraction .0044244 is accommodated by this storage 
type but .0144244 is not.

If q < 0, then -q filler zeros are assumed between the last
significant digit and the point. For example, the storage type REAL 
FIXED DECIMAL PR EC I S I ON ( 5, - 3 ) accommodates any value that can be 
represented by a sign, five significant digits, three filler zeros, 
and a decimal point. Thus the integer 55955000 is accommodated by 
this storage type, but the integer 55955300 is not (and must be 
approximated).

In practice, most 
satisfies p 2 Q 2

programs use only fixed variables whose precision 
0; therefore filler zeros are not often used.

at t r i bu te

ABBREVIATIONS AND DEFAULTS

A typical program uses many variables, and a data type must be given for 
each variable; therefore, PL/I permits the use of many abbreviations and 
defau1ts in the specification of data type attributes.

From the point of view of the PL/I compiler, any selection of abbreviations 
and defaults can be used, and the selection can differ from one place in the 
program to another. However, the inconsistent use of abbreviations and defaults 
makes a program confusing, and a consistent policy should be adopted. This 
Reference Manual provides one such policy: every abbreviation or default of 
PL/I should be used except for those whose avoidance is explicitly recommended 
in this Reference Manual.
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The following abbreviations are defined for the keywords used in arithmetic 
a11 r i bu tes:

K e ywo r d

Bl NARY

DECIMAL

PRECISION

PRECISION

COMPLEX

Abbreviation

BIN

DEC

PREC (rare1y used)

(omit the entire keyword PRECISION if it 
immediately follows a mode, scale, or base 
attribute)

CPLX (not recommended)

The abbreviation PREC is rarely used because it is customary to write the 
precision attribute immediately after some other arithmetic attribute and omit 
the entire PRECISION keyword. For example, REAL FIXED DECIMAL PRECISI0N(5,2) is 
abbreviated as REAL FIXED DEC(5,2) so that all that is left of the precision 
attribute is (5,2). The abbreviation CPLX is not recommended because it is 
difficult to remember and impossible to pronounce.

A default a 11 r i bute is the attribute that is assumed by the PL/I compiler 
when a required attribute is not given in the program. For example, if a 
variable is declared FIXED DEC(5,2), then the compiler treats the variable as if 
it had been declared REAL FIXED DEC(5,2); it does so because the default 
attribute for the mode is REAL. The defaults for the arithmetic data type are:

Om i t ted I tern 

mode attribute 

scale attribute 

base attribute 

number-of-d i gi ts

s ca1e-factor

Defau1t

REAL

FIXED

Bl NARY

17 (for FIXED BINARY)
7 (for FIXED DECIMAL)

27 (for FLOAT Bl NARY)
10 (for FLOAT DECIMAL)

0 (for FIXED scale only)

The table just given shows that the default value for the number-of-digits 
depends on the scale and base of the data type; thus there are four possible 
default values. The default values for the number-of-dIgits are not part of 
Standard PL/I, and the values given are those for GCOS. However, it is 
understood that any implementation of PL/I should choose a default for FIXED 
values that is appropriate for an index or subscript and a default for FLOAT 
values that is appropriate for most scientific calculations.

3-9 DE05



The abbreviations and defaults are designed to favor the most commonly used 
storage types, as shown in the following examples:

Complete Data Type Recommended Fo rm

REAL FIXED BINARY PREC1S10N(17, 0) Fl XED

REAL FIXED BINARY PREC1S10N(30,0 ) FlXED(30)

REAL FIXED DECIMAL PR EC 1S1 ON(8,2) DEC(8,2)

REAL FLOAT BINARY PREC1S1 ON(27) FLOAT

REAL FLOAT BINARY PREC1S1 ON(60) FLOAT(60)

COMPLEX FLOAT BINARY PREC 1 S10N(27) COMPLEX FLOAT

The first two 
scale, it could 
at all. That 
confusing. The

examples require some discussion. Since FIXED is the default 
have been omitted from the first example, leaving no attributes 

is valid, but a declaration with no vestige of a data type is 
second examp 1e.cou1d have been written in two other ways:

B I N ( 3 0 ) 
PREC(30)

However, the use of FIXED contrasts nicely 
and fifth examples, and is most consistent

with the use of FLOAT in 
with fami 1i ar usage.

the fourth

Examples of Arithmetic Storage Units

As an example of the use of an arithmetic storage unit, consider the 
following program:

P: PROC;
DCL ALPHA DEC(6,2);

ALPHA = -31.253;
• • •
END;

The storage unit for ALPHA can be diagrammed as:

DEC(6,2)
ALPHA / -31.25 /

The data type is written above the box to indicate the restriction on the value 
accommodated by the box. Since the scale-factor is two, the storage unit can 
accommodate only two fractional digits; therefore, the value -31.253 is 
approximated when it is assigned to the storage unit.

A diagram called a data frame is useful in describing the capacity of a 
storage unit. A data frame is produced by combining the data type with the box; 
the result is a diagram that suggests the structure of storage. When a data 
frame is used for the variable ALPHA just discussed, then the result is:

S 9 9 9 9 9 9
ALPHA /-/0/0/3/1/./2/5/
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In this diagram, each of the seven boxes holds a single character. The symbol 
above each box determines the kind of character allowed: S allows a sign, 9 
allows a decimal digit, and other symbols are used for other restrictions. This 
diagram makes it clear that the storage unit accommodates any value that can be 
represented as a sign followed by four decimal digits followed by a decimal 
point followed by two decimal digits. It also makes it clear that the last 
digit of -31.253 must be dropped before assignment to the storage unit can 
occu r.

A data frame provides useful information about the data type as it is 
applied to a storage unit. The diagram should be viewed as having three 
componen ts:

The characters written in the boxes are the contents of the storage 
unit. They are the only part of the storage unit that can change; but 
they do not, by themselves, represent the value of the storage. In 
the example above, the contents is -003125 and this sequence of 
characters would not, in itself, be interpreted as the value -31.25.

The characters in line with the contents but not enclosed in boxes are 
the i nterpretat i on of the storage unit. The contents and the 
interpretation together are a representat i on of the value of the 
storage unit, and the representation is always a valid PL/I constant 
expression. In the current example, the representation is -0031.25 
and this is a valid signed constant and could be used in a program to 
represent the value -31.25.

• The data frame without contents or interpretation is an indication of 
the ha rdware s to rage required for the storage unit. In the current
example, the storage unit has one sign box (one byte in a decimal 
number) and six decima 1-digit boxes (each one byte); therefore the 
storage unit requires seven bytes of memory.

The data frames are not a part of the PL/I language itself; they are introduced 
here as a useful way of describing a storage unit. Since a PL/I program cannot 
depend on the way in which arithmetic values are represented, the purpose of the 
data frames is not to show how the components of a value can be operated upon.

FIXED DECIMAL STORAGE UNITS

A FIXED DECIMAL storage unit closely approaches everyday notation for a 
number. The availability of these storage units make it possible to entirely 
avoid fractional fixed-point binary arithmetic and thus eliminates one of the 
major problems of computing. Four examples of REAL FIXED DECIMAL storage units 
follow, each with a different precision attribute. Each example gives the 
declaration of a variable and then the storage unit that corresponds to the 
dec 1 a rat i on.

S999999 99
DCL U1 DEC(8,2); U1 ///////_ /./_/_ /

The complete data type for this storage unit is REAL FIXED DECIMAL 
PR EC ISI ON(8,2). The data type accommodates any number with magnitude less than 
one million to the nearest one hundredth. It would be useful for a sum in 
dollars and cents and, since it has a sign, it could be used for a credit or a 
debi t.
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S 9 9 9 9 9 9
DCL U2 DEC(6); U2 ////////.

The complete data type for this storage unit is REAL FIXED DECIMAL 
PRECISI0N(6,0). It accommodates any integer with magnitude less than one 
million.

S 9 9 9 9 9 9
DCL U3 DEC(6,9); U3 / /.OOP/ //////

The complete data type for this storage unit is REAL FIXED DECIMAL 
PRECISI0N(6,9 ) . The scale-factor is greater than, the number-of-digits and 
therefore filler zeros appear between the decimal point and the first 
significant digit. The storage unit accommodates a fraction with magnitude less 
than one thousandth to the nearest billionth.

S 9 9 9 9
DCL U4 DEC(4,-2); UL / / / / / /00.

The complete data type for this storage unit is REAL FIXED DECIMAL 
PR EC ISI0N(U,-2 ) . The scale-factor is negative and therefore filler zeros appear 
between the last significant digit and the decimal point. The storage unit 
accommodates an integer with magnitude less than one million to the nearest 
hu ndr ed.

FIXED BINARY STORAGE UNITS

A FIXED BINARY storage unit can be declared with the same variety of 
precisions as were just illustrated for the FIXED DECIMAL storage units. In 
practice, however, a FIXED BINARY storage unit is rarely used with a 
scale-factor other than zero. Two examples follow.

Sill
DCL VI Fl XED(3); VI III Z / .B

The complete data type for this storage unit is REAL FIXED BINARY 
PRECIS10N(3,0) . The 1 symbol over a box indicates that it must contain a binary 
digit. The B at the right end shows that the represen tation is binary. The 
storage unit can accommodate, for example, the value -2; the representat ion for 
that value is -110.B.

S 1 1
DCL V2 FIXED; V2 ./, £/--( 17B

The complete data type is REAL FIXED BINARY PR EC ISI ON(17,0). The parenthesized 
17 means that there are seventeen digit positions in the storage unit. The 
storage unit accommodates any integer whose magnitude is less than 2**17 (which 
is 131072). It is the recommended storage unit for most indexes and subscripts.
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FLOAT BINARY STORAGE UNITS

A FLOAT BINARY storage unit is compatible with the f1oating-point binary 
hardware operations that are part of many computers. Scientific applications 
use FLOAT BINARY storage units for physical variables. As already stated in the 
description of the scale attribute/ a FLOAT BINARY storage unit accommodates a 
value of the form:

m * (2**e)

where m is the man t i ss a and .e is the exponent. The range of a FLOAT BINARY 
storage unit is determined primarily by the fact that its exponent lies in the 
range -128 through +127. In GCOSZ any FLOAT BINARY storage unit can accommodate 
values whose magnitudes are in the range 10**-38 to 10**+38. Three examples of 
FLOAT BINARY storage units are given here.

DCL XI FLOATC8); XI

The complete data type for this storage unit is REAL FLOAT BINARY PRECISI0N(8). 
The. mantissa is a signed fraction with eight or more digits; in GCOSZ it has 27 
digits. When the representation is written, the exponent is written as an 
optionally-signed decimal integer, but in the hardware it is represented in 
seven bits. The B at the end of the representation applies only to the 
mantissa. The storage unit can accommodate, for example, the value 4.5; the 
representation used for that value is +.10010000E3B.

DCL X2 FLOAT; X2

The complete data type for this storage unit is REAL FLOAT BINARY PR EC ISI ON(27). 
In GCOS, the mantissa has 27 digits. This data type (without an explicit 
precision attribute) is used for most scientific variables.

DCL X3 FLOAT(28); X3

The complete data type for this storage unit is REAL FLOAT BINARY PR EC ISI ON(28). 
In GCOS, the mantissa has 63 digits. Thus the increase of the number-of-digits 
from 27 to 28 causes the change from GCOS single precision floating-point 
arithmetic to doub1e-precision.

FLOAT DECIMAL STORAGE UNITS

A FLOAT DECIMAL storage unit is used only under exceptional circumstances. 
It can be used to get more precision than is available from FLOAT BINARY since 
59 decimal digits of precision is equivalent to about 196 binary digits of 
precision. It can also be used to avoid binary represen tation, but the 
operations on FLOAT DECIMAL values are so much more expensive than those on 
FLOAT BINARY values that this course is seldom followed. A FLOAT DECIMAL 
storage unit accommodates a value of the form:

m * (10**e)

where m is the mantissa and is the exponent. Any FLOAT DECIMAL storage unit 
can accommodate values whose magnitudes are in the range 10**127 to 10**-69. 
One example is given here.
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DCL Y1 FLOAT DEC(59);
S 9 9 exp

Y1 / / /--(59)--/ / . E//

The complete storage type for this storage unit 
PRECISI0N(59). The mantissa is a signed decimal integer 
storage unit has greater precision and range than 
occupies 16 words of GCOS memory.

is REAL FLOAT DECIMAL 
with 59 digits. This 

any other i n PL/I . It

COMPLEX STORAGE UNITS

A COMPLEX storage unit can have any scale, base, or precision attributes. 
In practice, however, it is always used with the FLOAT BINARY attributes. Since 
a complex number is a pair of real numbers, a COMPLEX storage unit is formed by 
placing two REAL storage units together and marking the second as the imaginary 
part by suffixing an I to it. An example is:

DCL Z1 COMPLEX FLOAT;

S 1 1 exp S 1 1 exp 
Z1 /_/./_/--( 2 7+/BZ_/ 2 7+) /Bl

Everything through the first B represents the r ea1 P3 rt of the storage unit and 
the remainder is the i mag i nary pa r t.

Guidelines for Arithmetic Data Types

The choice of data types for the numeric variables is a major part of the 
design of a program. The first choice that has to be made is between the 
ar i thmet i c storage types, just described, and the pi ctured storage types, 
described later in this section. The arithmetic storage types can be operated 
on efficiently but require conversions when input/output is performed; they are 
appropriate when calculations are relatively complicated, as in scientific 
programming, or when the packing of data is important, as in system programming. 
The pictured storage types are appropriate when a major consideration is the 
format of input and output, as in business programming.

Once the general decision has been made, other details must be decided. 
For an arithmetic storage unit, the mode, scale, base, and precision must be 
selected. These selections affect the range of the input data accepted by the 
program, the accu racy of the results developed by the program, the conven fence 
of writing and debugging the program, and the cos t of executing the program. 
The questions of range and accuracy depend on the mathematical analysis of the 
algorithm being programmed. The questions of convenience and cost depend on the 
human and mechanical factors of the programming system. Guidelines for the 
choice of the attributes of an arithmetic storage unit are given here.

THE CHOICE OF MODE

Except for scientific applications, the mode is always REAL; and since the 
default mode is REAL, most programs never make explicit use of a mode attribute. 
Within a given scientific program, the requirement for a COMPLEX mode attribute 
is determined by the mathematical formulation of the given program. The choice 
of mode is entirely a question of range.
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