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INTRODUCTION

PL/T is a large and powerful multipurpose programming
language. The intent of the designers of PL/I was to create
a language that could be used in business and in scientific
applications, as well as in systems programming applications
such as writing operating systems. The original design was
developed in 1963 by a committee of people drawn from IBM
and from SHARE, an IBM user group. For a long time the only
important implementations of PL/I were those developed by IBM
on the 360 and 370 computers, and the implementation on the
GE 645 at the MULTICS Project at MIT. However, during the
early 1970's a number of other implementations arose. The
implementation of PL/I by other organizations was given impetus
by the development of a national and international standard
for PL/I by a subcommittee of the American National Standards
Institute, in conjunction with a similar subcommittee of the

European Computer Manufacturers' Association.

The definition of Standard PL/I was formally released
late in 1976, but the content of the standard was publicly known
well before then. The standard itself was written in a novel
manner as a set of algorithms, expressed in highly stylized
English, for the operation of a hypothetical PL/I machine.
The version of PL/I described in this article is Standard PL/I.

The design of PL/I drew heavily on the major languages
that existed in 1963: Fortran, Cobol , and Algol 60. The

syntax of PL/I most resembles that of Fortran, but without



Fortran's rigid rules for program formatting. The notion of
block structure was taken from Algol 60, while PL/I structures
were taken from the record descriptions of Cobol. However, a
great many features were added to PL/I that have no counter-

part in its ancestor languages.

An example of a PL/I program is given in figure 1. A
program is written as a sequence of external procedures , which
are defined in such a way that they can be compiled separately
and then linked together when the program is executed. Within
an external procedure, there can be internal procedures.

In this example, there is one internal procedure, named
GET_DIGRAM. Each procedure in the program constitutes a block,
In addition, a block can be delimited by the PL/I statements
BEGIN and END (as in Algol 60).

The internal procedure GET_DIGRAM communicates with the
outer procedure DIGRAMS via arguments passed to GET_DIGRAM
by the CALL statement. From the viewpoint of GET_DIGRAM,
these arguments appear as parameters and are listed in the

PROCEDURE—-statement

The variables used in this program are given in the
DECLARE-statements. In general, a variable (or other use of
an identifier) is described by a set of attributes. Not all
of these need be given in the DECLARE-statement; those that
are not given are deduced through the application of a set of
defaulting rules. In fact, defaulting is applied in a great

many contexts within PL/T.



On account of its comprehensive nature, PL/I is a diffi-
cult language to learn in its entirety. For that reason it
was designed so that a user could learn just those parts of
the language that he needed, and ignore the rest of it until
the occasion arose to use some previously untried feature.
The extensive defaulting conventions were included, for a
large part, to make it possible to write programs without
having to learn about obscure and irrelevant attributes. For
instance, one can write business programs in PL/I without
ever realizing that the language includes complex numbers and

an extensive repertoire of mathematical builtin functions.

Since Standard PL/I is intended to be implemented on a
variety of machines, the standard provides that a number of
characteristics of the language are implementation-defined.

For example, machines differ in their word lengths; therefore

the maximum number of digits that need be carried in a

floating point computation is left implemented-defined. 1In the
description of PL/I given in this article, implementation-defined

features of the language are referred to frequently.

As of this writing, a standard subset version of PL/I
is under development by the American National Standards Insti-
tute. The definition of this standard subset will probably be
released by the time that this article appears. Moreover, an
extension of the subset to include facilities for real time
and concurrent programming is also under development by the

same group.



Figure 1. A Sample PL/I Program

/* THIS PROGRAM READS IN A TEXT AND COUNTS THE NUMBER OF TIMES
THAT EACH ALPHABETIC DIGRAM OCCURS. A DIGRAM IS A SEQUENCE
OF TWO ADJACENT CHARACTERS. FOR INSTANCE, THE DIGRAMS IN
'"GRUNGE" ARE GR, RU, UN, NG, AND GE.
* /
DIGRAMS: PROCEDURE OPTIONS (MAIN) ;
DECLARE COUNT (26,26) FIXED (4);
/* COUNT (I, J) GIVES THE CURRENT COUNT OF OCCURRENCES
OF THE DIGRAM FORMED FROM THE I-TH LETTER AND
THE J-TH LETTER.
*/
DECLARE ALPH CHARACTER (26) INITIAL
( "ABCDEFGHIJKLMNOPQRSTUVWXYZ' );
DECLARE (P1,P2) FIXED; /* ALPHABETIC POSITION OF LETTER */
DECLARE (L1,L2) CHARACTER(1l) ;
/* FIRST AND SECOND LETTERS OF DIGRAM */
DECLARE DONE BIT (1) INITIAL ('0'B);
/* COMPLETION FLAG */
/* SET ALL ELEMENTS OF THE COUNT ARRAY TO ZERO */

COUNT = 0;

/* READ AND PROCESS DIGRAMS */
RDLOOP : DO WHILE ('l'B); /* DO FOREVER */
CALL GET_DIGRAM(L1,L2,DONE);
IF DONE THEN
GO TO PRINT;
Pl = INDEX (ALPH, L1 );
P2 = INDEX (ALPH, L2);

/* N.B. ——INDEX RETURNS ZERO IF LETTER NOT IN ALPHABET */

IF PI * P2 > 0 THEN /* DIGRAM IS ALPHABETIC */
COUNT (P1,P2) =COUNT (P1,P2)+1;
END RDLOOP;

/* PRINT THE RESULTS */

PRINT: DO P1 = 1 TO 26;
DO P2 = 1 TO 26;
IF COUNT (P1, P2) > 0 THEN /* DIGRAM APPEARED */

PUT EDIT (SUBSTR (ALPH,P1,1) ,
SUBSTR (ALPH,P2,1), COUNT (P1l,P2))
(SKIP,2 A(l), X(2), F(4));

END;

END;



STOP; /* END EXECUTION OF PROGRAM */
Figure 1. Continued

/* INTERNAL PROCEDURE TO EXTRACT THE NEXT PAIR
FROM THE INPUT TEXT

/*

GET_DIGRAM: PROCEDURE (L1,L2,FLAG);
DECLARE (L1,L2) CHARACTER(1l); /* LETTER PAIR */
DECLARE FLAG BIT(1); /* END-OF-DATA INDICATOR */

DECLARE CARD CHARACTER (80); /* INPUT LINE IMAGE */
DECLARE POSN FIXED STATIC INITIAL(80);
/* CHARACTER POSITION IN INPUT
CARD */
DECLARE SYSIN RECORD INPUT FILE;
/* INPUT READ FROM FILE SYSIN */
ON ENDFILE (SYSIN) /* WHEN INPUT EXHAUSTED */
GO TO INPUT_FINISHED;
IF POSN > 79 THEN DO;
READ FILE (SYSIN) INTO(CARD); /* READ A CARD */
POSN =1; /* PROCESS FROM START OF CARD */
END;
L1 = SUBSTR(CARD, POSN, 1);
L2 = SUBSTR (CARD, POSN+1,1);
POSN = POSN+1; /* MOVE TO NEXT PAIR */
RETURN; /* EXIT FROM THIS PROCEDURE */

/* COME HERE IF THE READ STATEMENT ENCOUNTERED AN END OF FILE */

INPUT_FINISHED:
FLAG = '1'B; /* SIGNAL COMPLETION TO CALLER */
RETURN ;
END GET_DIGRAM;
END DIGRAMS;



Syntactic Conventions

A PL/I external procedure consists of a sequence of
statements. With the exceptions of the IF-statement and the
ON-statement, every statement is followed by a semicolon.

The program is presented in free field format, i.e., statements
do not occupy a fixed position on the line. In fact, line
boundaries are ignored altogether, so a statement can be split
over several lines, or several statements can occupy a single
line. With the exception of the assignment statement and the
null statement, the type of a statement is indicated by the
keyword with which it begins.

A statement, in turn, 1is written as a sequence of tokens
each of which may be either a delimiter or a nondelimiter.

The types of tokens are:

Delimiters Nondelimiters
operator identifier

period arithmetic constant
comma string constant

left or right parenthesis isub [discussed below]
colon

semicolon

text inclusion
Two adjacent nondelimiters must have at least one blank
between them, and other than that adjacent tokens may have

any number of blanks between them. For example the statement



DO IVAL = Q TO (A + 3);

could be written more compactly as
DO IVAL=Q TO (A+3);

but it could not be further condensed to
DOIVAL=QTO (A+3);

The last example is in fact a valid PL/I statement with an
entirely different meaning. A comment may be used in any
place where a blank can appear. A comment is written as the
characters "/*" followed by a sequence of characters

not containing "*/" , followed by "*/" , e.g.,
/* THIS IS A COMMENT */

An identifier consists of a letter followed by any number of
letters, digits, and break characters "_" , e.g.,
POPE_LEO_THE_15TH. The syntax of most of the other kinds of

tokens is discussed below.
A text inclusion has the form
$INCLUDE textname;

The textname refers to an externally stored piece of text,
which replaces the text inclusion when the program is trans-
lated. On account of the variation in operating environments
on different machines, the interpretation of the textname is
implementation defined. With this facility, it is possible
to use the same version of a chunk of program in many differ-
ent external procedures, even ones written by different

programmers.

Keywords can be used as identifiers; in this respect PL/I

differs from COBOL, which treats keywords as reserved words,



and from ALGOL, which uses a distinct typeface to represent

them. For example,
IF IF THEN THEN = ELSE;

is a valid sequence of statements in PL/I. The first statement
is an IF statement that tests the variable IF; the second is
an assignment statement whose target is the variable THEN.
Most of the long key words can be abbreviated, e.g. , CTL for
CONTROLLED or NOFOFL for NOFIXEDOVERFLOW. The names of some

builtin functions can also be abbreviated.

There are three different kinds of PL/I statements that
head groups of statements: the DO statement, the PROCEDURE
statement, and the BEGIN statement. For all three, the group
is ended by an END statement. If a statement name is attached
to the statement that heads a group, then the same statement
name can also be attached to the END statement that terminates
the group, thus indicating which statement is closed out by
the END. A single END statement can close out more than one

group, however, as the following example illustrates:

ALEPH: PROCEDURE;

DO;

BEIT: BEGIN;

END BEIT;

END ALEPH;

The final END statement closes out both the leading PROCEDURE
statement and the DO statement that follows it.



DATA TYPES

The different kinds of data in PL/I can be classified
into groups called data types, or simply types. The avail-
able types are either aggregate types or scalar types. An
aggregate is composed from simpler types, and can be either
an array or a structure. Arrays and structures are discussed
below. The scalar types can be grouped into printable and
nonprintable types, sometimes known as computational and
noncomputational. For each type, there can be variables and
values of that type; for some types there can also be

constants.

A constant associates a name with a single unchanging
value, while a variable associates a name with a location
where a value can be stored. The value of a variable is in
general time-dependent. Variables are introduced into the

program by DECLARE-statements, e.g.,
DECLARE LETTER_SEQUENCE CHARACTER (15) VARYING;

which declares the variable LETTER_SEQUENCE to have character
strings of length from 0 to 15 as its wvalues. However, a
variable can be declared even though no DECLARE-statement is
written for it (see "Declarations" below), and certain kinds

of constants are also introduced through DECLARE-statements.

Arithmetic Types

The printable types consist of the arithmetic types and
the string types. The arithmetic types are characterized by

four kinds of attributes: the base (binary or decimal),



the scale (fixed or float), the mode (real or complex) and
the precision. Since all combinations of base, scale, and
mode are permitted, there are eight arithmetic types, pre-
cision aside. The precision of a fixed type consists of a
number-of-digits and a scale—-factor; that of a float type
consists just of the number- of- digits. For example, the
type REAL FIXED DECIMAL(6,2) (the "(6,2)" indicates the
precision) contains wvalues of the form +DDDD.DD, where the
D's are decimal digits. If the scale factor is omitted, it
is taken as zero. The binary types are similar, except

that binary rather than decimal digits are used. The fixed
and float types correspond to the fixed point and floating
point arithmetic data available on most computers. FIXED is
a generalization of the integer type found in a number of
other programming languages, since the integer type does not
provide for scaling. FLOAT corresponds to the real type of
other languages. A notable feature of the float types is
that they can be used to express the desired accuracy of a
numerical computation independently of the word length of

the computer carrying out the computation.

The type of an arithmetic constant is indicated by its
form. A real fixed decimal constant consists of a sequence
of decimal digits with an optional decimal point and sign,

e.g., — 17.76 . Fixed constants can be scaled; for instance,

78F—-4 has the value 0.0078, obtained by multiplying 78 by 1074
A real float decimal constant consists of a real fixed decimal

constant followed by an exponent part indicated by the letter E,

10



e.g., 4.832E+12. Binary constants are formed similarly,
except that only binary digits are used, and the number is

followed by the letter B, e.g., 10.1B or 11E16B (designating

3 x 1016). Complex constants do not exist as such; a complex
constant is formed as the sum of a real constant and an imag-

inary constant, e.g., 4+3I.

String Tvpes

The string types are character and bit, each of which
in turn may be varying or nonvarying . However, string wvalues
are sequences of characters or bits, and the varying and non-
varying attributes are not applied to them. Each string type
has a maximum length associated with it; for the nonvarying
types, the actual length is always equal to the maximum
length. For instance, the type CHARACTER(14) VARYING describes
character strings whose length varies from 0 to 14 characters,
while the type BIT(8) NONVARYING (NONVARYING is the default)
describes bit strings that are always exactly 8 bits long.
A character-string constant is written as a sequence of
characters enclosed in single quotes, with internal quotes

doubled, e.g.,
'THE FARMER''S DAUGHTER'

The null character string, which contains no characters, is
written as ''. A bit-string constant is written as a sequence
of binary digits enclosed in single quotes and followed by B,
e.g., '101001'B; the null bit string is written as ''B. Bit

strings can also be written in base-4, base-8, or base-16

11



notation. For instance, '7400'B3 indicates the base-8 (octal)
constant 7400 (equivalent to '111100000000 " B), while 'A81'B4
indicates a base-16 constant. (The digit after the B indicates
a power of 2.) This extended notation is not available for
binary arithmetic constants. The one-bit values 'l'B and '0'B
are particularly useful, as they are the results returned by
the PL/I comparison operators; 'l'B represents true and '0'B

represents false.

When a string, either bit or character, is declared, the
maximum length need not be given by a constant, so that the

declaration
DECLARE NEWSTR CHARACTER (K1+2);

is permissible. The expression Kl+2 must be well-defined at
the time that NEWSTR is created. Strings that appear as
parameters of procedures may have their maximum lengths given
by *, e.g ,

DECLARE PARAM_ 3 CHARACTER (*);

In this case, the maximum length of PARAM 3 is determined by
the argument corresponding to PARAM 3. Strings used as para-
meters must have their maximum lengths given either by * or

by an expression composed purely of constants; more general
expressions are not permitted (but are not particularly useful

in this context in any case).

12



Pictured Types

The pictured types are derived from similar types in COBOL,
but are more general, A pictured type has an associated picture,
e.g., 999v.99, that describes the appearance of the values of
that type. The values are represented as character strings, and
the semantics of PL/I are such that an implementation is actually
obliged to store them that way. There are no constants of
pictured type. Pictures can be used in input-output formats as
well as in declarations; an example of the declaration of a

pictured type is
DECLARE SALARY PICTURE '$S$S$,3$SV.S$S!' ;

A pictured type has a picture associated with it. The
picture is given by a character string. Within the picture,
parenthesized counts can be used to indicate repeated characters,
so that the picture '$$$$S$' can also be written as '(5)$'.

A picture can be either a character picture or a numeric
picture. A numeric pictured type contains, in addition to the

picture itself, a mode specification (either REAL or COMPLEX)

Character pictures are rather simple. They consist of
just the characters A, 9, and X. The character A stands for
a letter or a blank; the character 9 stands for a digit or a
blank; and the character X stands for anything. Character
pictures are used to validate strings, i.e., to insure that

they are in the proper form. Thus, if we have the declaration
DECLARE STRING_TEST PICTURE ' (3)AXX9';

we can assign to STRING_TEST values consisting of three letters

13



(or blanks) followed by any two characters followed by a
single digit (or blank). If the assigned value does not

have these characteristics, an error will be signalled.

A numeric picture is one that contains a character other
than A, 9, or X. By this definition, a picture consisting of
all 9's is a character picture rather than a numeric picture.
A numeric pictured type has an associated arithmetic type,
which is determined by the form of the picture together with
the mode. The picture itself is independent of the mode.

Thus if we have the declarations

DECLARE RPIC REAL PICTURE 'ZzZ';
DECLARE CPIC COMPLEX PICTURE 'ZzZZ';

RPIC has an associated arithmetic type of REAL FIXED DECIMAL(3,0),

CPIC has an associated arithmetic type of COMPLEX

FIXED DECIMAL(3,0). (The associated arithmetic type is neces-
sarily decimal.) If the picture contains either of the
characters E or K, it is a float picture (i.e., its associated
arithmetic type is float); otherwise, assuming it is numeric,
it is a fixed picture. The associated arithmetic type can be
thought of as specifying the meaning of the values, as distinct
from the representation of the values. The meaning becomes

important when pictured values are used in arithmetic operations.

When a numeric value is assigned to a pictured variable,
the value is edited to conform to the picture. The characters
in the picture determine how the editing is to be done, assuming

that the value has already been converted to the associated

14
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arithmetic type. Editing by means of a picture is illustrated
by the following example: Suppose that the value 34.8 is to

be edited using the picture S9999V.99. Then the pictured value
will be +0034.80. 1In this example the S indicates an explicit
sign, the 9's indicate explicit digits, the V indicates an
implicit decimal point (used to align the numeric value with
the characters of the picture) and the period is an insertion
character. The meanings of the different picture characters
are given in Table 1, and their use is illustrated in Table 2.
The I, R, and T characters represent digits with sign-—
overpunching, i.e., the sign of the entire value is combined
with the digit to form a single character. Sign-overpunching
is the standard input convention for COBOL; on a keypunch,

the characters are formed by punching both a sign (ll-row for -,
12-row for +) and a digit in a single column. Although CR and
DB are two characters rather than one, the two characters
always go together, and are used to indicate a negative

quantity. CR stands for "credit" and DB for "debit".

The drifting characters $, Z, +, -, and S are used to edit
leading zeros into blanks. When a sequence of drifting charac-
ters appears (they must all be the same one), the character
drifts to the position to the left of the leading nonzero digit
in the value, and the remaining positions to the left are
blanked out. Any insertion characters within the blanked-out

positions are themselves blanked out.

The period is a true insertion character, in that its

presence or absence has no effect on the value represented by

15



the picture. The period need not appear next to the V, even
though the sequence "V." is often used. A single $, S, +, or -
can be placed at the beginning or at the end of a picture, in
which case it signifies an explicit insertion rather than a
drifting position. For instance, the value 92 edited by the
picture '(5)$V.$SS' yields the string 'B0$S92.00+'; in this

case the S causes a sign to be inserted, and is not a drifting

character.

Although pictures are ordinarily used to edit real values,
they can be used to edit complex values also. When a variable
is declared to be pictured and complex, the picture is used
to edit both the real and imaginary parts of any complex wvalue
assigned to the variable, and the two parts are concatenated.
However, there is no way to use pictures to insert "I" into

the edited representation of a complex number.

16



Table 1. Meaning of Picture Symbols

(a) Character-picture symbols

A alphabetic character
9 digit or blank permitted
X anything permitted

(b) Numeric-picture symbols

9 digit

Y digit with zero mapped to blank

Z digit with zero-suppression

S drifting or inserted dollar sign

* drifting asterisk (check protection)

+ drifting or inserted sign for positive wvalues

= drifting or inserted sign for negative wvalues

S drifting or inserted sign for all values

CR credit symbol, inserted for negative wvalues

DB debit symbol, inserted for negative wvalues

I digit with positive value indicated by overpunch
R digit with negative value indicated by overpunch
T digit with sign always indicated by overpunch

. inserted period

z inserted comma

B inserted blank

/ inserted slash

v implied decimal point

E start of exponent, E inserted

K start of exponent, nothing inserted

17



Table 2. Examples of Numeric Pictures

Picture Numeric Value Pictured String
999 1 1

99v9o A 10
YY/YY/YY 760404 76/04 /b5
2227 23 bb23
7,777 123 mh123
7,777 1234 01234
Z.VZ7S -1.6 -1.6
Z.VZ7+ .03 BHo 3+
ZV.727+ 0.03 b.03+
-72275 2 povh2 S
+722275 2 +6662 $
2299 0] Bboo
$SV.S$S 1.23 Bs1.23
SSBSSS 2345 $20b345
$SSBSSS 345 Phs345
e+ 6 b+e

- 6 e

SSS 6 b+6
§***V.** .07 5***_07
5***.\]** M 5****07
S$S99CR 8 pbs 0 8Hb
S$S99CR -123 BS123CR
$$SS99DB =123 ©$S123DB
999T 71 07A
999T 71 073
I999 1776 A776
1999 -1776 1776
72727R 71 71

ZZ7ZR =71 7J
99.V999BKS99 123456 1.23460+04
V.99999E99 123 .12300E03
999VIF3 12345 0123
99999F -2 12.34 01234

Note: A indicates 1 with positive overpunch.
J indicates 1 with negative overpunch.
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Pointers, Areas and Offsets

The nonprintable types of data in PL/I are pointers, areas,
offsets, files, labels, entries, and formats. A pointer can
be thought of as the location of a piece of data; it resembles
the ref (reference) notion of Algol 68. However, pointer
variables in PL/I are untyped; that is, a pointer variable
can contain a pointer to data of any type whatsoever. The
only pointer constant is the null pointer, which does not
point at anything and therefore does not compare equal to any
pointer to an existing object. The null pointer is obtained
as the value of the builtin function NULL of no arguments.
Pointers are used in conjunction with based variables, which
act as templates for an area of storage. Based variables are

discussed below.

An area is a region in which space for based variables
can be allocated. Areas can be cleared of their allocations
in a single operation, thus allowing for wholesale freeing.
Moreover, areas can be moved from one place to another by
means of assignment to area variables, or through input-output
operations. There is one area constant, the empty area,
which is obtained as the value of the builtin function EMPTY
of no arguments. Assignment of the empty area to any area
variable clears the area of its allocations. More precisely,
the old value of the variable is destroyed (though a copy may
exist elsewhere), and the new value is an area with nothing

allocated in it. The declaration of an area specifies (at
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least by default) an area size in implementation-defined units

(bytes, words, etc.), e.g.,
DECLARE STRUCTURE_AREA AREA (2000);

When an area is moved, pointers to objects within the area
lose their validity. Therefore, PL/I also provides offsets,
which are pointers relativized to the origin of a given area.
When an area is moved, the offsets of the objects within the
area remain unchanged. Conceptually, pointers and offsets are

related by the equation
pointer = offset + area

but in an actual implementation that equation need not hold.
There is one offset constant, the null offset, which is obtained

by converting the null pointer to an offset.

To make it easier to work with offsets, it is possible
to declare an offset with an implicit area association (which

can be overridden), e.g.,

DECLARE OFF_FROM_A3 OFFSET (A3);
DECLARE A3 AREA (300);

When OFF_FROM_A3 is referenced in a context where a pointer is
required, the offset value in OFF_FROM_A3 is converted to a

pointer relative to the area A3.

Files
A file is, conceptually, a port through which communication
is established between the program and a dataset. A dataset,

in turn, is a collection of information residing on an external
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medium, accessible to the program only through input-output
operations. During the course of execution of a program,

a given file may be connected to different datasets , or to

no dataset, at different times. Input-output operations
reference a file, which must be connected to an appropriate
dataset; the operations then take place on the dataset. A file
connected to a dataset is said to be open; one not connected

to a dataset is said to be closed.

The file itself is a file value; each file value is
uniquely associated with a file constant, declared, for example,

by
DECLARE FILECON FILE CONSTANT;

File variables are declared similarly, e.g., by
DECLARE FILEVAR FILE VARIABLE;

If neither CONSTANT nor VARIABLE is specified in the declaration,
the usual default is CONSTANT. Moreover, declarations of file
constants are introduced implicitly in a number of contexts,

so that in practice the programmer rarely needs to write these

declarations. For instance, the PL/I statement
PUT LIST(A,B);

causes the values of A and B to be written onto the dataset
associated with the file named SYSPRINT (assumed since no other
file was specified in the PUT-statement) . If no declaration is

explicitly given for SYSPRINT, the declaration

DECLARE SYSPRINT FILE CONSTANT;
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is assumed. When the PUT-statement is executed, the file
SYSPRINT is opened as a PRINT file (assuming it is not already

open) .

Labels

A label is a name attached to an executable statement so
that control can be transferred to that statement by means of
a GOTO-statement. A label value has two components: a designator
(such as an address) of the statement named by the label, and
an environment, which records the state of execution of the
program at the time when the block containing the label was
entered. The environment is necessary because the address by
itself does not always provide sufficient information to deter-—
mine unambiguously the state of execution after a GOTO-statement
has been carried out (see the section "Entry Values and Environ-

ments" below) .

Label constants are declared by the appearance of a label

as a statement-name , as in

BOOK_FOUND: VOLUME

FOLIO (J);

which declares BOOK_FOUND as a label constant. In fact, label
constants cannot be declared in any way other than by their
appearance as statement-names. Not all statement—-names declare
label constants, however; some of them declare entry constants
and format constants. The type of constant declared by a
statement-name is determined by the type of statement to which
it is attached. Label variables are declared using the

attribute LABREL, e.g.,
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DECLARE LABVAR LABEL VARIABLE;

A statement-name can be written with one or more subscripts,
and by this convention constant arrays of labels can be created.
For instance, if a block contains executable statements with the
statement-names CASE (-1), CASE(0), CASE(l), and CASE(2), the
appearance of these statement-names constitutes a declaration
of CASE as a constant array of labels, whose single subscript
has a lower bound of -1 and an upper bound of 2 . It is quite
permissible to attach several of these subscripted statement-
names to a single statement, to give them in nonincreasing
order, to attach them to statements also bearing nonsubscripted
statement—-names, or even to omit some index values from the set.
For instance, if CASE(0) were omitted from the above set, the
set would still be valid, but a transfer to CASE (0) would be
in error. Typically, an element of a constant array of labels

is selected by a statement such as
GO TO CASE (CASE_NUMBER) ;

Entries

An entry is an entry point to a procedure (see "Procedures,
Scopes, and Environments" below) treated as a datum. An entry
constant i1s declared by the appearance of a statement-name
attached to a PROCEDURE-statement or an ENTRY-statement. For

instance,

PROCESS_NAME: PROCEDURE (NAME, SPECS) ;

declares PROCESS_NAME as an entry constant, whose associated
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value is the (single) entry point to the procedure headed by
the PROCEDURE-statement. Entry values, like label values,
carry environments with them. Entry variables and arrays of
entry constants are available. A typical application of an
entry variable arises in writing a procedure to integrate an
arbitrary function; within the procedure, the function is
declared as an entry variable (and a parameter) , and the

actual function to be integrated is passed as an argument.

When an external procedure references an entry in
another external procedure, then the first procedure must

declare the second explicitly as an entry constant, as in

DECLARE SEARCHVAL EXTERNAL ENTRY (CHARACTER(*))
RETURNS (FIXED) ;

The CONSTANT attribute is assumed by default in this case.
The procedure containing this declaration expects SEARCHVAL
to be an entry to an external procedure, whose expected argu-
ment is a character string of unspecified length, and which

returns a fixed value.

Formats

A format is used to specify the form of data on a dataset
accessed through a stream file (see "Edit-Directed Input-Output"
below). A format constant is declared by the appearance of a

statement—-name on a FORMAT-statement, e.g.,
FMT3: FORMAT (SKIP,3A,X(M),A);

As with labels and entries, format variables and arrays of

format constants are included in PL/I. Format variables
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are declared using the attribute FORMAT, e.g.,
DECLARE FMTVAR FORMAT VARIABLE;

Since formats can contain references to variables, e.g., the

M in the example FMT3 above, format values carry environments.

Arrays

Two types of aggregates are provided in PL/I: arrays
and structures. An array is a collection of elements all having
the same type; a particular member of the collection is selected
using an appropriate sequence of subscripts. A structure, on
the other hand, is a collection of elements having possibly
different types; a particular member of the collection is
selected by using an appropriate name as the selector. A
powerful feature of PL/I is that it allows aggregates to be
treated as data objects in most contexts, so that it is
possible, for instance, to add two arrays in a single opera-
tion, or to write a procedure that returns a structure as its

value.

An array 1s characterized by a sequence of dimensions;
the dimensionality of the array is the number of its dimensions.
Each dimension has a lower bound and an upper bound, and these

can be arbitrary integers. For example, the declaration
DECLARE MESH(-100:100,200) FLOAT BINARY (40);

de