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Foreword

Digital Research PL/I is a complete software depaient system for
both applications and system programming. Digies&arch has
implemented PL/I for both 8-bit and 16-bit micropessors. At the
source-code level, the 16-bit implementations gmeard compatible
with the 8-bit implementations. Appendix A contamsomplete list
of the differences among the various implementatidiis manual
describes the PL/I language which is common targllementations.

Digital Research PL/I runs under any of the DigRalsearch family
of operating systems. It also runs under the IBM8Enal Computer
Disk Operating System Version 1.1. This manual m&suyou are
already familiar with your operating system, anchimizes
references to any specific system.

The PL/I Language Reference Manual is the formattjgation of
the PL/I programming language. This manual is prilpantended to
be a reference document and is therefore not &liiornature.
Some previous programming experience with PL/I ith @nother
language is assumed.

The Language Reference Manual describes the owtnaditure and
organization of PL/I source programs in the fornblafcks and
procedures. There is also a specification of tlezadter set of

the language, rules governing the formation offifiens,
constants, delimiters, operators, and comments.

This manual explains the various PL/I data typetutiing arrays

and structures, the rules governing conversion éetvdata types,

and the rules governing the scope of data deateastiAssignments
and expressions, sequence control, run-time memanagement, and
I/O processing are also described.

There is a complete description all of the PL/lltsimi functions
including arithmetic, mathematical, string, convens condition,
and miscellaneous functions.

Finally, the manual also describes the internalesgntation of
data in the various implementations, and convestfon
interfacing PL/I programs with programs writtenaissembly
language.
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Section 1
| ntroduction

Digital Research PL/I is an implementation of Pfiofi
microcomputers that use the 8080, 8086, 8088 naitasi processor.
It is formally based on American National Stand&8174 PL/|
General Purpose Subset (Subset G) . Subset G édésrithal
structure of the full PL/I language, but in someys/d is a new
language and in many ways an improved language amdpo full
PL/I.

PL/I Subset G is easy to learn and use. It is hlfigortable
language because its design usually ensures hardmaapendence.
It is also more efficient and cost effective. Paogs written in

PL/I Subset G are easier to implement, documeitnaaintain.

1.1 Documentation Set

The PL/I Language Reference Manual presents aletait concise
description of the PL/l programming language. hds a tutorial

on how to program in PL/I; rather, it is a funciidescription of
the language, its syntax, and semantics. This nhémaaeference
document that supplements Digital Research's Pariguage
Programmer's Guide.

The PL/I Language Programmer's Guide includes sapnalgrams that
illustrate many of the features of PL/I, as weltlas mechanical
aspects of compiling and linking programs. If yavé not
programmed in PL/I before, read the Programmerldé&iirst, while
cross-referencing specific topics in the Referavleaual. If you

are already an experienced PL/l programmer, yoluntwigint to read
the Reference Manual only.

The PL/I Language Command Summary lists all the Reywords and
statement forms, data attributes, and error mess#gdso
contains a summary of the commands for the compiler

1-1



PL/I Reference Manual 1.2 Notation
1.2 Notation

The following notational conventions appear thraugtthis
document:

Words in capital letters are PL/I keywords.

Words in lower-case letters or in a combinatiofoafer-case
letters and digits separated by a hyphen represeiatble
information for you to select. These words are dbed or
defined more explicitly in the text.

Example statements are given in lower-case.

The vertical bar | indicates alternatives.

JK represents a blank character.

Square brackets [ ] enclose options.

Ellipses (. . . ) indicate that the immediatelyqading item can
occur once, or any number of times in succession.

. Except for the special characters listed aboVetlaer
punctuation and special characters represent thalac
occurrence of those characters.

. Within the text, the symbol CTRL represents ataan
character. Thus, CTRL-C means control-C. In a Bbllrce
program listing or any listing that shows examplesole
interaction, the symbol - represents a control atiar.

. The acronym BIF means built-in function.

. Everything that you type at the keyboard and #pgtears on
the screen is in colored type.

End of Section 1
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Section 2
Program Structure

2.1 High-level organization

The following statements comprise every PL/I progra

. Structural statements
. Declarative statements
. Executable statements

Structural statements define distinct, logical simiithin a

program and therefore determine the overall, hayrel

organization. When a program runs, control alwé&ysd from one of
these logical units to another. Logical units cantain other

logical units; they can be nested. Structural stetds also
determine the hierarchical structure of a progradmene some logical
units are subordinate to others.

Declarative statements determine the environmeatlofical unit.
The environment is simply the names and attribatesriables that
are available or active in a logical unit. Declamtstatements
specify the context of variables that can be lggalhnipulated in

a logical unit.

Executable statements are statements that perfimma action. Both
structural statements and declarative statements saly to

create a context for executable statements. Altetable
statements fall into one of the following categsrie

. Assignment statements that assign the value ekpression or
constant to a variable.

. Condition handling statements that allow a progtaimtercept
and recover from run-time errors.

. I/O statements that control the flow of data td &éom 1/O
devices.

. Memory management statements that manipulateggtora

. Null statements that perform no action but functtés

placeholders.

. Preprocessor statements that execute at compiéeand
manipulate external source files.

. Sequence control statements that transfer thedfoventrol
between logical units.

2-1



PL/I Reference Manual 2.2

where proc-name identifies the procedure, andrataté 1 through
statement-n are any PL/I statements constitutiadptidy of the
block. Section 2.9 describes the PROCEDURE statemen

Note: the proc-name for the END statement is opfidout if
included it must match the proc-name for the PROUORE statement.

The essential difference between a BEGIN blockaaRIROCEDURE block
is how they receive control when the program isiimg@. Control

flows into a BEGIN block in the usual sequentialmer. At this

point, the block becomes active. When control fienss

programmatically, outside the block, or its corsging END

statement executes, the block terminates.

PL/I skips PROCEDURE blocks during the usual execusequence, and
they receive control only when invoked (see Sec?id). Figure 2-1
illustrates the block concept.

— A:
PROCEDURE OPTIONS(MAIN);
BEGIN;
END;
—— BEGIN;
BEGIN;
END;
L— END;
—— END A;

2-3
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PL/I Reference Manual 2.3 Internal vs. Extelalcks

2.3 Internal vs. External Blocks

Each block is characterized as either internaktereal depending
on its relationship with other blocks. An interpabcedure is one
that is contained in an encompassing block. Anraatgprocedure
is separate from other blocks. The procedure izootained
(nested) in any other block. Thus, the main prooedialways an
external procedure.

A PL/I program can have one or more external promesithat contain
nested internal procedures or blocks. Each extgmogiedure can

be separately compiled and linked together to fanmnnable
program. One of the external procedures formingptiogram must be
the main procedure.

In Figure 2-2 (a) , blocks PI, P2, and P3 arexdkmal but the
BEGIN block is internal to P3. In Figure 2-2 (ll,is the external
block, and P2, P3, and the BEGIN block are allrima& The main
procedure has the form:

proc-name:
PROCEDURE OPTIONS(MAIN);

Statement. or Blocks
END [proc-name];

2-5
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—P1: —P1:
PROCEDURE OPTIONS(MAIN); PROCEDURE OPTIONS{MAIN);
END P1;
—P2: p2:
PROCEDURE:; PROCEDURE;
“-END P2; END P2;
—P3: —P3:
PROCEDURE; PROCEDURE;
BEGIN; BEGIN;
END; END;
—-END P3;
“END P3; —END P1;
A B

Figure 2-2. Internal and External Blocks

The PL/I Language Programmer's Guide contains Spesiamples of
program structure and how you can separately cemipik, and load
external procedures.

2.4 Scopeof Variables

The scope of a variable is the set of blocks incvithe variable

is known. Variables can be either local or exterakdtive to a

block in which they appear.
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When you declare a variable in a block, you caeregfce it in that
block or any contained block. The variable is gaithe local to
that block because you cannot reference it outkiel®lock where
you declare it. In a contained block, a referenca variable
declared in a containing block is called an uplegéerence.

The following example illustrates the concept afse:

PI:
procedure;
declare
(a,b) fixed binary(7);
a=2; [*aislocalto Pl
b=3; /*bislocalto Pl
P2:
procedure;
declare
b fixed binary(7);
b=2; [*b is local to P2
a=a*b;/*bhereisbin P2, notbinPl1
end P2;
put list (a,b);
end P,

PL/I creates a new variable b in block P2 becatuiseai declared
variable in that block. The PUT LIST statementusside P2;
therefore, the value of the variable b of Pl iB8cause there is
no declaration for the identifier a in P2, a isugrlevel
reference to the variable a declared in Pl, andssggnment
statement in P2 changes its value. Thus, this sedaence
produces the values 4 and 3.

Any variable declared as EXTERNAL is known to dbdks in which it

is declared as EXTERNAL and in all contained blochktess

redeclared without the EXTERNAL attribute. Two daaltions of the

same variable name denote separate storage lozatibess both
specify the EXTERNAL attribute.

2-7
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PI:
procedure;
declare
z fixed binary external;
P2:
procedure;
declare
z fixed binary external;
P3:
begin;

declare
z float binary; /* not external

end;

end P3;
end P2;
end P,

In this code sequence, the variable z in Pl anceR2s to the
same external variable, but variable z in P3 mcall variable and
is distinct from the external variable z.

2-8
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PI:
procedure options(main);
declare x float binary;

begin;
declare x fixed;
end;
P2:
procedure;
declare x character(10) varying;
end P2;
end P,

In this code sequence, the scope of x is limitegitch block in
which it is declared. Although the name is idertinaeach
declaration, the compiler treats each one as a letetyp different
variable with its own data type, and stores thewlifferent memory
locations.

2.5 Procedure Blocks

In PL/I , there are two types of procedures: sutines and

functions. Both types perform a specific task arallagically
separate from the rest of the program. Both typésexecute the
same sequence of code one or more times witholitdtipg the code
at each occurrence.

You invoke or call a subroutine and, optionallyspdata items to
it in an argument list. The subroutine then mardfag the data
and, optionally, returns it to the invoking procesluControl
resumes at the statement immediately followingnkecation.

A function is a procedure that manipulates datastand then
returns a single value. You invoke a function tgrencing its
function name and argument list in an expressiamt©l passes to
the function that performs its task and then redurisingle value
that replaces the function reference. Control tigsmmes at the
point of reference.
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2.6 The CALL Statement

The CALL statement has the general form:

CALL proc-name((sub-l,...,sub-n)] [(argument-list)]

where sub-1 through sub-n are optional subscitiatisare required
only when proc-name is a subscripted entry varig@®éetion 3. 3. 2),

and argument-list represents the arguments passhd procedure.
Figure 2-3 illustrates the invocation of subrousimad functions.

SUBROUTINE INVOCATION: FUNCTION INVOCATION:

SUBROUTINE FUNCTION
NAME ARGUMENTS ( NAME ARGUMENTS

CALL NAME ARGUMENT—LIST NAME  ARGUMENT—LIST

Figure 2-3. Subroutine and Function Invocation
example: example:

call print_header; point = 3.14/sin(A);
call compute(base_pay,overtime); put list (Sum(X, Y

2.7 The RETURN Statement

The RETURN statement returns control to the pairthe calling
block immediately following the procedure invocatidt also
returns a value if the procedure is a function pcate.

The RETURN statement has the form:

RETURN [(return-exp)];

where return-exp is the function value the procedeturns to the
calling point. When necessary, PL/I converts thieattes of the
returned value to conform to the attributes spedifin the RETURNS
attribute of the procedure statement. (See Sedtibij

The RETURN statement ends the procedure bloclkctragins it. If
the main procedure has the RETURNS attribute, Rtéirns control
to the operating system.

The following are some examples of RETURN statement

return;
return (X**2);
return (F(A, (B)));
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2.8 Arguments and Parameters

The data items you pass to a procedure are cakedrguments,

while the data items expected by a procedure afidedkin the
PROCEDURE statement, are called the parameters Wwocation of

a procedure block, PL/I pairs each argument witledrresponding
parameter. Figure 2-4 illustrates this concept.

ARGUMENT-LIST
CALL COMPUTE IL‘\ + (B + C), R/2,3.14); l
PARAMETER-LIST

COMPUTE: PROCEDURE | (X,Y.Z);

Figure 2-4. Arguménts and Parameters

When you pass the argument by reference, the armjuane
corresponding parameter share storage. In this aagechanges
made to the parameter in the invoked proceduregehtire value of
argument of the invoking block.

When you pass the argument by value, the argunmehparameter do
not share storage. In this case, PL/I passes aafdpg argument

to the invoked procedure, so that any changesetpdinameter

affect only the copy, not the argument's value.

The following example program illustrates parametEssing.

A:
procedure;
declare
ACTUAL fixed binary,
DUMMY fixed binary;
call X(ACTUAL);
call X((DUMMY));
X.

procedure (FORMAL);
declare FORMAL fixed binary;
FORMAL = 3;
end X;

end A;
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PL/I passes ACTUAL by reference. Therefore, thégassent
statement in the procedure X changes the valueGatBAL throughout
the program. PL/I passes DUMMY by value. Thus trecpdure only
changes a copy of the value inside the procedure.

PL/I passes arguments by reference when the deatauggs of the
argument are the same as the data attributes philaeneter. PL/I
passes an argument by value when it is one ofoflenfing:

. a constant

. an entry name

. an expression consisting of variable referencesoperators

. a variable reference enclosed in parentheses

. a function invocation

. a variable reference whose data type does nothntiadt of the
parameter

In the latter case, PL/I converts the argumenhéodata type,
precision, and scale factor of the parameter. ©hewiing program
illustrates this concept:

A:
procedure;
declare
X character(7),
(Y,Z) fixed binary;
call p(X,(Y),2);

p:
procedure(A,B,C);
declare
A character(7),
B fixed binary,
C float binary;

A = 'Digital’;
B =100;
C =25E2;
end p;
end A;

The CALL statement sends the procedure three angism€ Y, and Z
corresponding to the three parameters A, B, arfelL@.passes the
first argument by reference because it matchepahemeter, and

the second argument by value because it occuns espaession.

PL/I converts the third argument to the FLOAT bindata type and
passes it by value.

2-12
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2.9 The PROCEDURE Statement

In PL/I, you can define a procedure with a PROCE R #atement at
any point in a program. However, for readabilityyshould place

all procedures together in a single section abdgnning or the

end of the main program. The main program is alsipgocedure
definition.

The PROCEDURE statement identifies the entry poinhe procedure,
delimits the beginning of the procedure block, niefi the parameter

list, and gives the attributes of the returned edbr functions.

The procedure can consist of a sequence of on®m@ statements
including the corresponding END statement that ¢hdgrocedure
definition. The END statement can also be the gaiitt of the

procedure, although embedded RETURN statementapgaear within the
procedure body.

The PROCEDURE statement has the general form:

proc-name: PROCEDURE[(parameter-list)]
[OPTIONS(option .... )] [RETURNS(attribute-likt)
[RECURSIVE];

where parameter-list are the parameters for theggiure which you
must declare within the procedure body at the aidlock level.
A parameter can be any of the following:

. a scalar variable
. an array
. a major structure

but cannot have the attributes:

. STATIC

. AUTOMATIC
. BASED

. EXTERNAL

OPTIONS(option,...) defines a list of one or mofé¢he options
MAIN, STACK(b), or EXTERNAL.

. The MAIN option identifies the procedure as thstfprocedure
to receive control when the program begins execut

. The STACK(b) option sets the size of the run-tsteck to the
number of bytes specified by b. The default vadugl2
bytes.

. The EXTERNAL option identifies the procedure asaternally

compiled procedure. The EXTERNAL option in a @dare heading
makes the procedure accessible outside the mdtideften

useful to group separately compiled proceduresarsingle
compilation, where the procedures reference dheesglobal

data. According to the Subset G standard, you oampile
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each subroutine separately, and duplicate the btiata area
in each compilation. You can then combine the iillial
modules using the linkage editor to produce theahjpodule.

The following procedure shows an example of ushegEXTERNAL
option:

module:
procedure;
declare
1 global_data static,
2 a_field character(20) varying initial("),
2 b_field fixed initial(0),
2 c_field float initial(0);
Eset-a:
procedure (c) options(external);
declare c character(20) varying;
a field = c;
end-set a;
set-b:
procedure (x) options(external);
declare x fixed,;
b_field = x;
Eend-set b;
Eset-c:
procedure (y) options(external);
declare y float;
c_field = y;
end-set-c;
sum:
procedure returns(float) options(external);
return (b_field + c_field);
Eend sum;
display:
procedure options(external);
put skip list(a_field,b_field,c_field);
Eend display;
end module;

2-14



PL/I Reference manual 2.9 The PROCEDURE Statement

This code defines five external procedures: sséth, set c,
the sum, and display. These procedures are thessed in
following code sequence:

call ext:
procedure options(main);
declare

set_a entry (character(20) varying),
set_b entry (fixed),
set_c entry (float),
sum returns(float),
display entry;
call set_a('Johnson,J";
call set_h(25);
call set_c(5.50);
put skip list(sum());
call display();

end call-ext;

These two modules, when compiled separately akddinogether,
form a single, runnable program.

. The RETURNS attribute for a function procedureegithe
attributes of the value returned by the function.

. The RECURSIVE attribute indicates that the procedian
activate itself, either directly or indirectly.

2.10 Low-level Organization

The low-level organization of PL/I source text imtés a
specification of the character set and the rule$dioning

identifiers, both keywords and declared names,aipes, constants,
delimiters, and comments.

PL/l is a free-format language. The source progransists of a
sequence of ASCII characters that make up linamdet by
carriage return characters. You can enter the sdest without
regard for column position or specific line formidbwever, the
source text is easier to read and comprehend ifgibaw some
basic formatting rules:

. Place only one statement on a line.
. Use indentation to show the nesting level of béoakd DO groups.
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You can create the PL/I source program using aigtda text

editor.

Note: all PL/I source programs must have the fet{PLI.

2.11 The Character Set

The PL/I character set consists of both upper-lawer-case
letters, numeric digits, and other symbols. Tableshows the
symbols recognized by PL/I and briefly describesrthse.

Table 2-1. PL/I Symbols

Symbol

+ 11

.- N~ Y~ %1

%

S .-

ANV — "~ 1

~

Meaning
equal sign (assignment)
plus sign (addition)
minus sign (subtraction)
asterisk (multiplication)
slash (division)
left parenthesis  (delimiter)
right parenthesis (delimiter)
comma (separator)
period (name qualifier)
percent symbol (INCLUDE or REPLACE prefix)
apostrophe (string delimiter)
semicolon (statement terminator)
colon (separator for ENTRY or LABEL constant)
circumflex (logical Not symbol)
tilde (alternative Not symbol)
ampersand (logical And symbol)
vertical bar (logical Or symbol)
exclamation mark(alternative Or symbol)
backslash (alternative Or symbol)
right angle bracket (greater than)
left angle bracket (less than)
break or underscore (for readablity in identgf)e
dollar sign (valid character in identifiers)
guestion mark (valid character in identifiers)
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2.12 ldentifiers

An identifier is a string of from one to thirty-obaracters that
are either letters, digits, or the underscore. firgecharacter
must be a letter. PL/I always represents lettdestially in
upper-case. Therefore, two identifiers that diffaty in case
represent the same identifier.

PL/I allows the question mark character to be erdbddn
identifiers to allow access to external systemyeptints.

Note: you should avoid embedded question marksatiotain upward
compatibility with full language implementation.

Every identifier in the source text of a PL/I pragr must be either

a keyword or a declared name. Keywords are thasdifiers that

have a special meaning in PL/I when used in a fipexintext.
Examples of keywords are the names of built-in fioms,

statements, and data attributes. The followinglistaf all the
keywords. The PL/I Language Command Summary cosi@icomplete
list of keywords with brief explanations.

A ABS ACOS ADDR

ALIGNED ALLOCATE ASCII ASIN

ATAN ATAND AUTO AUTOMATIC

B Bl B2 B3
B4 BASED BEGIN BIN

BINARY BIT BOOL BUILT-IN
BY CALL CEIL CHAR
CHARACTER CLOSE COLLATE COLUMN

COS COSD DCL DEC
DECIMAL DECLARE DIM DIMENSION

DIRECT DIVIDE DO E

EDIT ELSE END ENDFILE

ENDPAGE ENTRY ENV ENVIRONMENT
ERROR EXP EXT EXTERNAL
F FILE FIXED FIXEDOVERFLOW
FLOAT FLOOR FOFL FORMAT

FREE FROM GET GO TO

GOTO HBOUND IF INCLUDE

INDEX INIT INITIAL INTO

KEY KEYED KEYFROM KEYTO

LABEL LBOUND LENGTH LINE
LINENO LINESIZE LIST LOG

LOG2 LOG10 MAIN MAX

MIN MOD NULL OFL

ON ONCODE ONFILE ONKEY
OPEN OPTIONS OUTPUT OVERFLOW
PAGENO PAGESIZE POINTER PRINT
PROC PROCEDURE PTR PUT
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R RANK READ RECORD
RECURSIVE  REPEAT REPLACE RETURN
RETURNS REVERT ROUND SEQUENTIAL
SET SIGN SIGNAL SIN

SIND SINH SKIP SOQRT

STACK STATIC STOP STREAM

SUBSTR SYSIN SYSPRINT TAB

TAN TAND TANH THEN

TITLE TO TRANSLATE TRUNC
UNDEFINEDFILE UNDF UNDERFLOW UFL

UNSPEC UPDATE VAR VARIABLE
VARYING VERIFY WHILE WRITE

X ZERODIVIDE

Declared names are identifiers whose use or meawinglefine in a
DECLARE statement (Section 3.6). A keyword can apjie a
declaration as a user-defined identifier. The magoif the

identifier depends on how and where it appeard. dittrmines the
meaning in context. For example, INDEX is a keywbedause it is
the name of a PL/I built-in function. However, hretcontext of

the declaration,

declare index fixed binary;
index is a declared name and not a keyword.
2.13 Constants
Constants are text items that have a fixed liter@ning which can

not change when the program runs. In PL/I, thechemnstants are
the following:

. arithmetic (Example: 3674-799
. character string (Example: 'Ada Lovelace")
. bit string (Example: '0010110'B)

2.14 Delimitersand Separators

Separate items, such as identifiers, must be digishable. PL/I
recognizes certain characters as delimiters anarataps.

Usually, delimiters enclose one or more text itavhde separators
mark the end of one item and the beginning of asrotin PL/I,
each identifier and arithmetic constant must beguled and
followed by one or more delimiters or separatorslifbiters can be
either spaces, operators, or certain special cteagac
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2.14.1 Spaces

In PL/I, a space can be either a blank, or a tapacter (CTRL-I)
PL/I ignores any carriage return, line-feed, oriegie return,
line-feed sequence that is embedded in a stringtanh For
example, the assignment statement,

string = "WHEN YOU HAVE A VERY LONG STRING LIKE TH$ PL/I ALLOWS
YOU TO PUT SOME OF IT ON ANOTHER LINE";

assigns the specified character string to the beistring. Any
blanks or tabs that follow ALLOWS or precede YOU POT are included
in the string.

2.14.2 Operators

An operator is a symbol for a mathematical or labaperation.
There are four types of operators in PL/l as showhable 2-2.

Note: operators that consist of two characterdy) sisc>=, are
called composite operators and must not be seplbgtblanks or
tabs.
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Table 2-2. PL/I Operators

Symbol Meaning
Arithmetic Operators
+ addition or prefix plus
- subtraction or prefix minus
* multiplication
/ division
** exponentiation

Comparison Operators

> greater than

> or ~> not greater than

>= greater than or equal to
= equal to

A= or ~= not equal to

<= less than or equal to

< less than

A< or ~< not less than

Bit-string Operators

ANor~ Logical Not
& Logical And
| or!or\ Logical Or

The String Operator
[| or ' or\\ concatenate

2.14.3 Special Characters
Table 2-3 shows the special characters that carfatetion as
delimiters or separators in PL/I. Subsequent sestof the manual

contain examples of their use.
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Table 2-3. Special Character Delimiters and Sepegat

Character Function

A colon follows ENTRY and LABEL constants.

A semicolon terminates statements.

A comma separates elements of a list.

A period separates items in a qualified
name.

A single apostrophe is a delimiter for the
specification of character and bit-string
constants.

The arrow is a composite operator
consisting of the minus sign and the right
angle bracket. It is a separator in a
pointer qualified reference.

An equal sign is a separator in an
assignment statement.,

Left parenthesis.

Right parenthesis. A left parenthesis
together with a right parenthesis is used
to enclose lists and extents, define the
order of evaluation of expressions, and
separate keywords -from statements and
option names.

2.14.4 Comments

Comments provide documentary text in a PL/I soprogram. The
compiler ignores comments, so you can place theprevier a
delimiter is appropriate. Precede a comment by timeposite pair
/* and end the comment by the reverse composite*paFor
example,

get list(name); /* read the name */
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2.15 Preprocessor Statements

PL/I allows modification of the source program aclusion of
external source files at compile time through the af
preprocessor statements. Preprocessor statemeritientified by
a leading % symbol before the keyword:

INCLUDE or REPLACE
2.15.1 The%INCLUDE Statement

The %INCLUDE statement copies PL/I source text faamexternal file
at compile time. The statement is useful for fglim a structure
declaration or format list. The %INCLUDE statembas the form:

%INCLUDE 'filespec;

where filespec designates the file to copy intostherce program.
Filespec must be a standard file specificationJ[fllename [. typ] ,
and must be enclosed in single apostrophes. Iétisano drive
specification, PL/I assumes the drive containiregsburce program.
When the compiler encounters the %INCLUDE statenretite source
file, it begins reading the file specified by %INGDE. When the
compiler reaches the end of the %INCLUDE filegisumes reading
the original source file.

The following code sequence is an example of thd@AUDE statement:
f:

procedure;

declare a fixed binary;

%include 'struc.lib’;

declare c float;

end f;

The compiler includes the source text from thedtleic.lib at the
point of the %INCLUDE statement.

Note: PL/I does not allow nested %INCLUDE statetaen
2.15.2 The % REPLACE Statement

The %REPLACE statement allows you to program wédmad constants.
The %REPLACE statement has the form:

%REPLACE identifier BY constant;
The compiler replaces every occurrence of the gidentifier in
the source text with the specified constant. Thestant can be a

signed or unsigned arithmetic constant, a bit gtrar a character
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string.  You can write multiple %REPLACE statemeasdsa single
%REPLACE statement, with the elements separataminymas.

For example, the statement
%replace true by '1'b;

replaces all occurrences of true by the bit stdogstant '1'b, so
that the compiler interprets the statement,

do while(true);
do while('I'b);

PL/I requires that all % REPLACE statements occuhatouter block
level before any nested inner blocks.

Note: to facilitate program maintenance and delmggrou should
write all %REPLACE statements directly followingethbrocedure
heading.

End of Section 2



Section 3
Data Types and Attributes

Data items in a PL/I program are either constantsadables. A
constant is a data item whose value cannot chahga the program
runs, while the value of a variable can change.

Every data item is associated with a set of pragedalled
attributes that include such things as the amotistiooage
required, the operations that can be applied, aadge of
subscript values. The DECLARE statement expli@dgigns
attributes to data variables, while in some casesh as
constants, attributes are implicitly assigned tstey defaults
(see Section 3.6).

Data variables can represent single data itemngdiesdata item,
either a variable or constant, is called a sc@lata variables
can also represent multiple data items called agges. (Section
5 describes data aggregates.)

PL/I supports six types of data:

* arithmetic

* string

* label

* entry

* pointer

« file

The following sections describe each of these fgtas in detail.
3.1 Arithmetic Data

PL/I supports three types of arithmetic data:

. FIXED BINARY for representing integer values

. FLOAT BINARY for representing numbers that canga from very

small to very large, with a floating binary point

. FIXED DECIMAL for representing decimal numberatihave a
fixed number of total digits and a fixed numbétte digits

to the right of the decimal point

Each arithmetic data item has an associated poecisilue
expressed as an integer constant p enclosed intphaeses. The
precision p specifies the total number of decimmdinary digits
that the item can contain.
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For FIXED DECIMAL numbers, p can optionally be fmived by a comma
and an integer constant g called the scale fattw.scale factor
g specifies the number of digits to the right & thecimal point.

If you do not explicitly declare the precision ofariable in a
DECLARE statement, PL/I implicitly supplies it acding to default
rules. The default scale factor is 0, meaning aotfonal digits.

3.1.1 FIXED BINARY

FIXED BINARY data represents integers. A variabéeldred as FIXED
BINARY|(p)] is an integer that has p binary digi®the maximum
range of p is

1<=p<=15

PL/I internally represents this data type in twadsplement form.
Therefore, the range of a FIXED BINARY(15) numb&ifriom -32768 to
+32767.

The amount of storage PL/I allocates for a FIXEDIBRY number
depends on the precision you declare.

If p <=7, then PL/I allocates one byte.
If 7 < p <= 15, then PL/I allocates two bytes.

The default precision for FIXED BINARY is 15. Dedlag a variable
as FIXED or BINARY, or FIXED BINARY is equivalenbtdeclaring it as
FIXED BINARY(15).

PL/I treats decimal integers in the source progaariIXED BINARY
data only if they appear in contexts that requidéED BINARY

values, such as subscripts or arithmetic operatior@ving other
FIXED BINARY data. Otherwise, constants defaulFHiXED DECIMAL.
In PL/I, conversion from other types of data usualicurs with
truncation (See Section 4 for the conversion rules) example,

the following code assigns the value 1 to the \deid.

declare A fixed binary;
A=1.99;

3.1.2 FLOAT BINARY

FLOAT BINARY data is useful in scientific applicatis for
representing very large or very small numbers. Aalde declared
as FLOAT BINARY(p) has three parts: a sign, s; paloy digits that
are the fraction, or mantissa, and represent sigmf digits of

the number; and an integer exponent e, that repietee scale
factor. For example, the FLOAT BINARY number 3.56f% the
following parts:
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sign mantissaexponent E
+ 3.56 iii~

PL/I supports both single-precision and double-gien FLOAT
BINARY numbers. Table 3-1 shows the allowed precisiand the
approximate range of magnitudes for each type.

Table 3-1. PL/I| FLOAT BINARY Numbers
Typet Precisionp | Ranger
single 1<=p<=24 5.88 xR¥<=|x| <= 3.40x1%# (non-IEEE)
1.18 x 1638 <= |x| <= 3.40x18B (IEEE)
double 25<=p<=53 9.46 xf§8<= |x| <= 1.80x18P8(IEEE)

The default precision for FLOAT BINARY is 24, sodiaring a
variable FLOAT is equivalent to declaring it FLOABINARY (24).

A FLOAT BINARY constant is a number expressed iiestific notation
as a sequence of decimal digits with an optioneindal point

followed by the letter E, followed by an optionadiigned decimal
integer exponent. For example, the code sequence:

A=2.3E2;
B = -4.67E+5;
C =1.98E-2;

assigns the value 230 to A, -467000 to B, and Q& <.

You can mix constants of different data types iregpression.
PL/I automatically converts to the common data typore
evaluating the expression. For example, if p idated FLOAT
BINARY, in the assignment statement

p=p+3.14159;

PL/I converts the FIXED DECIMAL constant 3.14159RbOAT BINARY
format before performing the addition. (See Sectidn)

3.1.3 FIXED DECIMAL
FIXED DECIMAL data is used for calculations wheseaet decimal
values must be maintained, as for example, in cawiale

applications involving dollars and cents. FIXED DAL data with a
zero scale factor can be used to represent intidar
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A variable declared as FIXED DECIMAL][(p[,q])] isg&ecimal number
with a sign, a total of p decimal digits, with gt to the right

of the decimal point. The maximum number of digifer FIXED
DECIMAL is 15, and the scale factgmust be nonnegative and less
than or equal to the precision. The range of a EIXBEECIMAL number
X is

-10**(p-q) < |x| < 10**(p-q)
where:
1<=P<=15 and O<=q<=p

All decimal constants, with or without a decimalimpdefault to

FIXED DECIMAL. The only exception is when the coast is used in a
FIXED BINARY context. The default precision for &ED DECIMAL
variable is 7. The default scale factor for a FIXBECIMAL

variable is 0. For a FIXED DECIMAL constant, therfoimplicitly
determines its default precision and scale fa¢tor.example,

3.25 defaults to FIXED DECIMAL(3,2)
302 defaults to FIXED DECIMAL(3,0)

Internally, PL/I represents decimal numbers ingeomplement

packed BCD format. The number of bytes occupied BYXED DECIMAL
number depends on its declared precision. If teeigion is p,

the number of bytes reserved is the integer part of

(p+2)/2
resulting in a minimum of one byte and a maximuneight bytes.

PL/I truncates any value whose scale factor istgrehan that of
the FIXED DECIMAL variable to which it is assignedliso, PL/I
signals a FIXEDOVERFLOW condition if a value as®drto the
variable has more significant digits to the leftloé decimal
point than the declared precision of the variali@ns.

3.2 String Data

PL/I supports two types of string data:

* character string
* bit string

A character string is any sequence of ASCII characincluding
the empty sequence, which is the null string. Ashing is a
sequence of bits. The length of a string is the bemof
characters or bits in the string. The followingtsats describe
each type of string data.
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3.2.1 Character-string Data

A variable declared as CHARACTER(n) is a charasteng of length
n, wheren is a value between 1 and 254. For example, the
statement,

declare A character(10);

defines the variable A as a character string temaztters long.

If a character string assigned to A is shorter thaRL/I pads the
string with blanks on the right to the length oflAa longer
string is assigned to A, PL/I truncates the stonghe right.

Character-string constants are a sequence of ¢chesasiclosed in
apostrophes. If an apostrophe is part of the string written

as two consecutive apostrophes. Thus, the stringtant whose
value is

What's Happening?
is written as:

'What"s Happening?'

The null or empty character string has a lengthend and is
defined by using two consecutive apostrophes.

Character-string variables can also have the VARY itribute
indicating that the variable can represent vary@émgth strings to
a maximum length of n. For example, the statement,

declare A character(10) varying;

defines A to represent any character-string valbheseg length can
vary from O to 10.

PL/I allows control characters in string constaiiitse circumflex
character () in a string constant indicates arobcharacter.
PL/I masks the high-order three bits of the chaeaitt zero, thus
converting the string *M, or “m, to a carriage retaharacter.
Similarly, it converts the string ~I to the horizahtab

character. PL/I translates a double circumflex (fthin the
string to a single ~ character.

Note: you should avoid using the control charafdature if

compatibility is a requirement, because the cirderéscape
convention is not available in other implementagion

3.2.2 Bit-string Data
Bit strings represent logical data items. A bitrgjrcontaining
all zero-bits is false; a bit string containing ame-bits is

true.
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A variable declared as BIT(n) is a bit-string didééan containing n
bits, where n is a value between 1 and 16. For plarthe
statement,

declare A bit(3);

defines a bit string of length 3. If a bit stringsigned to A is
shorter than A, PL/I pads the string with zero-bitsthe right to
the length of A. If a longer string is assigned\tdPL/I
truncates the string on the right.

Note: bit-string variables cannot have the VARY Il ibute.

You can write bit-string constants in any of foiffetent formats.
Each format corresponds to a base which is the puwitbits used
to represent each digit in the constant. A birgticonstant is a
sequence of digits and letters enclosed in apdsté®followed by
the letter B, and optionally followed by a digitlinating the

base. The default base is 2, indicated by B off 8hle 3-2

shows the various formats.

Table 3-2. Bit-String Constant Formats

Format Base Digitsand/or Charactersin Representation
B 2 o,
B1 2 0.l
B2 4 0,1,2,3
B3 8 0,1,2,3,4,5,6,7
B4 16 0,1,2,3,4,5,6,7,89,AB,C,D,EF

Note: the characters and/or digits used in the esecpimust be
valid for the base specified by the format.

The following examples illustrate the equivalené¢he optional
formats to the base 2 format:

'101'BI is equivalentto "101'B

'1011B2 is equivalentto "01000101'B
'101'B3 is equivalentto "001000001'B
'101'B4 is equivalentto  "000100000001'B
'9A'B4 is equivalentto '10011010'B
'77'B3 is equivalentto "111111'B

3.3 Control Data ltems

Control data items determine the flow of controlemta program
runs. PL/I support two types of control data:

* LABEL data
 ENTRY data
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3.3.1 LABEL Data

LABEL data consists of label constants and labebides. A label
constant is a label identifier that prefixes ancexable

statement. A label variable is a variable defimed DECLARE
statement with the LABEL attribute. The form is

DECLARE name LABEL;

and PL/I supplies the VARIABLE attribute by defaultlabel
variable can take on the value of different lalmeistants when the
program runs.

You cannot explicitly declare a label constant DECLARE
statement. However, any name used as statemehttaimsitutes an
implicit declaration of the name as a label cortst&h/l does not
allow labels on the following statements:

» the DECLARE statement
« the statement that begins an ON-unit (see Se8tibn
« the statement that begins an ELSE or THEN classe $ection 8.3)

Assignments of label constants or other label dggcan be made
to a label variable using the same rules as assigtmof other
types of variables.

The only operators that you can use with LABEL datthe equal
(=) and not equal (= or ~=) comparison operators.

Both label constants and label variables are stibjgbe same
scope rules as declared names. A LABEL data itdtmasvn only
within the block in which it is declared explicithy a DECLARE
statement, or implicitly by its use as a label ¢ans The
occurrence of the same label name within any diteak, including
a contained block, defines a new declaration lax#hat block.

You can subscript label constants using a singigonally signed,
integer constant. All occurrences of subscriptéelawith the
same identifier in a single block constitute anlioipdeclaration
of a constant-label array for that block. Any suroplicitly

defined constant-label array is defined only farsih subscripts
that occur in its corresponding block. You can &xthy define
label variables to be singly subscripted arrays BDECLARE
statement.
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The following code sequence illustrates a condtret array:
case-num (1):

case-num(2):

case-num(3):

PL/I treats case-num as if it was declared as iay &m the block
containing the subscripted labels. Therefore, ymureference any
element in the array using a GOTO statement (se&o863.5) such as:

goto case_num(i);

where i is an integer. The value of the variablgpresents which
label is to receive control.

Note: PL/I does not treat the labels on FORMAT (Seetion 11.3.5)
or PROCEDURE statements as valid labels, but rathéfORMAT
constants and ENTRY constants, respectively. Thaeyat be the
targets of GOTO statements.

The following code sequence illustrates label \@eis:

declare do_it label;

if (answer = 'yes') then
do_it = geometric_mean;
else
do_it = arithmetic-mean,;
goto do_it;

In this example, the GOTO statement transfers obtdreither of

the labels geometric - mean or arithmetic-mean ipg the current
value of the label variable do it, which is basedfte result of

the test in the IF statement.
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3.3.2 ENTRY Data

In PL/I all ENTRY data items are either entry cams or entry
variables. Entry constants correspond to eitheriat

procedures, or to separately compiled externalguiores. Entry
variables are data items that can take on entrgtaohvalues when
the program runs.

The calling program must use an ENTRY declaratioddfine the
characteristics of the parameters and returnecesdtr all
externally compiled procedures.

Note: you must ensure that the ENTRY declaratiotches the
externally defined procedure, so that the linkagjioe can
properly combine the program segments.

Variables that take on entry constant values a@ @édfined with

an ENTRY declaration. If required by the applicatientry
variables can be subscripted, but entry constamseat. As with
LABEL data, the only operators used with ENTRY data the equal
and not equal comparison operators.

The declaration of an external entry constant hagdrm:

DECLARE entry-name  [EXTERNAL]
[ENTRY[(parameter-list)]
[RETURNS(return-att)];

The declaration of an entry variable has the form:

DECLARE entry-name  [(bound-pair-l,...,bound-paif-n)
[ENTRY[(parameter-list)] VARIABLE
[RETURNS(return-att)];

where the attributes can be in any order, but spstify either
ENTRY or RETURNS.

The identifiers are given in the following manner:

. entry-name gives the name of the ENTRY variableomstant.
. bound-pair-l,...,bound-pair-n gives the optiomalind-pair
list.
. parameter-list gives the list of parameter atiiéis.
. return-att gives return-value attribute.

The EXTERNAL attribute indicates that entry-name iseparately
compiled procedure. The VARIABLE attribute indicaithat entry
name is an entry variable that must be assigneshag constant
value when the program runs. The RETURNS attributdies that
entry-name is a function rather than a subroutine.
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You can omit the list of parameter attributes & ffrocedure does
not require any parameters. In this case, you ksanamit the
ENTRY attribute if you specify the RETURNS attributf you
specify a bound-pair list, you must use the VARIABAttribute. If
you do not specify either EXTERNAL or VARIABLE, PlLgupplies
EXTERNAL as the default.

If a particular parameter has the dimension atteibit must

appear as the first attribute. If the parametersgructure, the
structuring information that the level numbers pdevmust precede
the attribute definition. (See Section 5.5.)

The following are some examples of ENTRY declaratio

declare X entry;

declare Y entry variable;

declare P (0:10) entry(fixed,float) variable;
declare Q entry(l, 2 fixed, 2 float,(5:10) decimal)
declare R returns(character(10));

The following code sequence illustrates entry datas:

declare
(X,Y) float binary,
A entry variable,
F(3) entry(float) returns(float) variable,
ZZ entry(float) returns(float);

PI:

procedure;
X=5;

end P,

P2:

procedure;
X=25;

end P2;

Y=9;

if Y =5 then
A =PI

else
A=P2;

call A;

F(2) = z2z;

Y =F(2)(X);

put list(Y);
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3.4 POINTER Data

POINTER data items address specific locations imorg. The value
of a POINTER data item is the address of a variabtbe program.
A POINTER variable declaration has the form:

DECLARE X POINTER;

PL/I does not perform conversion between POINTE®& @her data
types, so an assignment statement can only assigtepvariables

to other pointer variables. Also, pointer varialdasnot be

output to a STREAM file (see Section 11) . As WithBEL and ENTRY
data, the only operators defined for POINTER datatlae equal and
not equal comparison operators. Two pointers analdgfithey
represent identical storage locations.

You can use POINTER data with based variables tanhcally manage
storage. Section 7.2 describes based variables.

3.5 FILE Data

FILE data items consist of file constants and éeiables that
access external data. A file constant declaratamthe general
form:

DECLARE file-id FILE;
A file variable declaration has the form:
DECLARE file-id FILE VARIABLE;

where file-id is a PL/I identifier assigned to repent the file.

If file-id is not a parameter, PL/I automaticalteats the

identifier as EXTERNAL, so that it accesses the salata set in all
modules that declare it EXTERNAL.

If you do not open the file explicitly with an OPEtatement
including the TITLE option, PL/I accesses the dikknamed
file-id.DAT on the default drive.

Section 10 presents FILE data in more detail. Tihé IFanguage
Programmer's Guide contains examples of FILE ds¢a u

3.6 The DECLARE Statement

In PL/I, you must use the DECLARE statement tortefll variable
names in a program that are not the names of inuiltactions or
pseudo-variables (Section 6.8). File constantsvanidbles must
also be defined in a DECLARE statement. Controktamts, such as
statement labels and procedure names, are dedatapéditly by

their use in a program.
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The DECLARE statement associates each variable mathehe proper
attributes for the declared data type. The simpimnfof the

DECLARE statement for scalar variables is

DECLARE name [attribute-list];

where name is the variable identifier, and attebligt is one or
more characteristics of the variable name. Multadteibutes can
appear in any order but must be separated by spaces

The following examples illustrate DECLARE statengent

declare x fixed binary;

declare pi float binary(53);

declare overtime_pay fixed decimal(5,2) initial(0DO);
declare EOF bit(l) initial('I'b);

declare list-head pointer static initial(null);

3.7 Multiple Declarations

For convenience and simplicity, PL/I allows mulégeclarations in
a single statement. Usually, you can write any esage of DECLARE
statements of the form,

DECLARE definition-1;
DECLARE definition-2;

DECLARE definition-n;

in the equivalent form:
DECLARE definition-1, definition-2, ... definition:

where each definition item is separated by commadszaro or more
spaces, and the DECLARE statement is terminatexidgmicolon.

If several item definitions share the same attebuyou can
factor them to the right. That is, you can writeegiuence of
definitions of the form,

item-1 attr-A, item-2 attr-A, ... item-n attr-A

in an equivalent factored form:

(tem-1, item-2, ... item-n) attr-A

For example,

declare (first-name,last-name) character(20) vatyin
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Repeated applications of this rule are also allowed example,
the statement:

declare ((A,B) fixed binary, C float binary) sta@ixternal,
is equivalent to the statement:

declare A fixed binary static external,
B fixed binary static external,
C float binary static external;

3.8 Default Attributes

An attribute list cannot contain conflicting atwiies, such as two
data types, or two storage class attributes. Ifd@mot specify

a complete set of attributes in a DECLARE statentten the
compiler supplies the attributes according to til#ing default
rules:

. If no attribute is specified, FIXED BINARY(15) &ssumed.

. If DECIMAL or BINARY is specified without FIXED oFLOAT, then
FIXED is assumed.

. If FIXED or FLOAT is specified without BINARY or BCIMAL, then
BINARY is assumed.

. If no precision for FIXED BINARY is specified, FED BINARY(15)
is assumed.

. If no precision and scale factor for FIXED DECIMAdL
specified, FIXED DECIMAL(7,0) is assumed.

. If no precision for FLOAT BINARY is specified, theaeFLOAT
BINARY(24) is assumed.

. If no length is specified for BIT, then BIT(l) @ssumed.

. If no length is specified for CHARACTER, then CHARTER(l) is
assumed.

End of Section 3
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Section 4
Data Conver sion

Data conversion is the process that changes thesemtation of a
given value from one type to another. In PL/l,cahversion
involves a source, a target, and a result. Thecedarthe data
item being converted; the target is the type tocithe source
item is being converted, and the result is theadaonverted
value with the data type of the target.

PL/I performs conversions in the following generategories:

arithmetic to arithmetic (type and precision)
arithmetic to string

string to arithmetic

format specified in EDIT-directed 1/O (see Secti@®)

PL/I does not perform conversion of ENTRY, FILE, BEL, or POINTER
values.

Part of the versatility and power of PL/I lies iow freedom to
declare data in a wide variety of types. With fheedom comes a
responsibility to understand how the language cdsdata from one
type to another, either explicitly or implicitly.

The following list shows some of the contexts inathPL/l performs
default data conversion.

. In an assignment statement, PL/I converts theesgion to the
type of the variable to which it is assigned.

variable = expression;
. In a RETURN statement, PL/I converts the specifigldie to the
type specified in the RETURNS attribute of the REEDURE

statement.

proc-name:
PROCEDURE RETURNS(return-att);

RETURN (return-exp);
END [proc-name];
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. In any arithmetic expression, if the operandsnatethe same
type, PL/I converts them to a common type befadgoming the
operation. For example, if A is FLOAT BINARY andi8FIXED
BINARY, in any of the following operations

A+B
A-B
A*B
A/B
A**B <<CHECK ALL >>

the common type is FLOAT BINARY, and PL/I conveBsn each
case.

. During /O processing, PL/l converts to and froma@cter
string data when using the PUT or GET statemeassactively.
For example, if | is a FIXED BINARY value, in tletatement
PUT LIST(l);
PL/I converts | to CHARACTER. In the statement:
GET LIST(l);

PL/I converts characters in the input stream fHARACTER to
FIXED BINARY.

. PL/I converts values specified in some statemienitsteger
values. For example, in the iterative DO-group

DO control-variable = start-exp TO end-exp BY hexp;
END;

PL/I converts the start-exp, the end-exp, andrtbeexp to
integers (FIXED BINARY) value before executing th® statement.

. PL/I has built-in functions (BIFS) that performegjific conversions.
4.1 Arithmetic Conversions

PL/I performs arithmetic conversions in severalteats. The first

context is when an assignment statement assigastametic

expression to an arithmetic variable. PL/I convéresexpression
to the precision and scale factor of the targebe.

Another context is when an arithmetic-valued fumttieturns an
arithmetic expression with a RETURN statement. Rbfiverts the
expression to the target data type, with the pi@tiand scale

4-2



PL/| Reference Manual 4.1 Arithmetic Conversions

factor specified in the RETURNS attribute of thadtion's
declaration.

When any arithmetic infix operator, other than engxttiation, has
operands with different data types, PL/I perforntsrae-step
process.

Step One

PL/I determines the common type of the two operands

. Case A. If one operand is FIXED BINARY and theastls FLOAT
BINARY, the common type is FLOAT BINARY.

. Case B. If one operand is FIXED BINARY and theastbperand
is FIXED DECIMAL, the common type is FIXED BINARY.

. Case C. If one operand is FLOAT BINARY and theestbperand
is FIXED DECIMAL, the common type is FLOAT BINARY.

Table 4-1 summarizes the common type in expressimadving
mixed operands.

Table 4-1. Common Operand Types in Mixed Operanaré&ssions

Operand 2

FIXED BINARY FLOAT BINARY FIXED DECIMAL

Operand |

FIXED BINARY FIXED BINARY FLOAT BINARY FIXED BINARY

FLOAT BINARY FLOAT BINARY FLOAT BINARY FLOAT BINARY
FIXED DECIMAL FIXED BINARY FLOAT BINARY FIXED DECIMAL

Step Two

PL/I converts one of the operands to the commoae.typ

. Case A. If the common type is FLOAT BINARY then
. PL/I converts a FIXED BINARY(p) operand to FLOATINBARY (p)
. PL/I converts a FIXED DECIMAL(p,q) operand to FLOA

BINARY (pl ), where p' = MIN (CEIL (p/3. 322) 53)MIN and CEIL
are PL/I BIFs (Section 15).
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Case B. If the common type is FIXED BINARY then

PL/I converts a FIXED DECIMAL(p,O) operand to FIXED
BINARY(p"), where p' = MIN(CEIL(p/3.322),15)

Note: PL/I cannot convert a FIXED DECIMAL (p,q) aped to FIXED
BINARY if g = 0.

Step Three

After converting to a common type, PL/I derives finecision (and
scale factor) of the result. The result type depemithe common

type.

. Case A. If the common type is FIXED BINARY, thesudt is
FIXED BINARY. If p1 is the precision of the firstperand, and
P2 is the precision of the second operand, PliVegthe
precision of the result pl depending on the openat
For addition or subtraction,
p' = MIN (15, MAX (p1, p2) +1)
For multiplication,
p' = (MIN(15,p1l+p2+1))
For division, you must use the DIVIDE BIF with ea¢e factor
of zero to produce an integer FIXED BINARY resbigcause PL/I

Subset G does not support a FIXED BINARY data tyjte a non
zero scale factor.

. Case B. If the common type is FLOAT BINARY, theud is
FLOAT BINARY. The precision of the result is MAXL, p2), where
pl and p2 are the precisions of the two operands.

. Case C. If the common type is FIXED DECIMAL, tlesult is
FIXED DECIMAL. If the first operand has precisiand scale
factor(pl,ql), and the second operand has precisid scale
factor (p2 g2), PL/I derives the precision andes¢actor of
the result (p',q") depending on the operation.

For addition or subtraction,

p' = MIN(I5,MAX(p1-91,p1-g2) + MAX(ql,q 2)+I)
q' = MAX(q1,92)

For multiplication,

p' = MIN(15, p1+p2+1)

q' =(ql+g2)
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For division,
p'=15
g' = 15-(pl+gl-ql) ??? << CHECK >>

Note: use caution when dividing FIXED DECIMAL valsL The
precision and scale factor of the operands musubk that

the divide operation does not produce a negatiakegactor.
You can use the DIVIDE BIF to control the precisiaf the
guotient.

If the infix operator is that of exponentiatioxpeessed as
X**Y, there are two cases.

. Case A. Y is a decimal integer constant. If X iXED BINARY
with precision p and ((p+l)*Y-1) <= 15, then thesult is
FIXED BINARY with precision

p' = ((p+1)*Y-I)

If X is FIXED DECIMAL with precision and scale fear (p,q) and
((p+N)*Y-1) <= 15, then the result is FIXED DECIMAwith
precision and scale factor (p',q"):

p'= (p+1)*Y-l
q =g+
. Case B. If either operand is FLOAT BINARY, PL/Iroerts the

other operand to FLOAT BINARY and the result iSBAT BINARY
with precision p' = MAX(p1, p2 ) where pl1 and p2 the
precisions of the operands.

In any arithmetic operation involving conversiot/IRruncates the
result if the declared precision of the targenmuificient to

hold the value. Truncation occurs on the rightFb©OAT BINARY
data items, and fractional digits are lost in FIXEECIMAL
computations. In FIXED BINARY computations, unpretdble results
occur if the absolute value of any intermediateigaxceeds 32767.

The default precision for floating-point valuesHisOAT BINARY (24).
However, if you declare a literal constant with tian 7

significant decimal digits, PL/I automatically starit as double
precision. In expressions involving FLOAT BINARY emnds of
different precisions, PL/I performs conversiontie greater
precision. For example, if A is FLOAT BINARY(24) drB is FLOAT
BINARY(53), in the expression:

A=A+B,;
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PL/I first converts A to double precision, perforthe addition,
and then converts the result back to single pratisi

Note: use caution when performing assignments virglmixed
precision expressions. The largest positive numéggesentable as

a single-precision value is 3.40 *3owhereas the largest
positive number representable as a double-precisitre is 1.80 * 1808,

Therefore, if 3.40 * 188 < N <= 1.80 * 1898 and you
assign N to a single-precision variable, the rametsystem signals
the arithmetic error condition

OVERFLOW(2)

Conversely, the smallest positive number reprebéntss a single
precision value is 5.88 * 1%, whereas the smallest positive
number representable as a double-precision va@igés* 10308

If 5.88 * 1039 < N <= 9.46 * 16308 and you assign N to a
single-precision variable, the run-time system algihe
arithmetic error condition:

UNDERFLOW(2)
4.2 Arithmetic Conversion Functions

PL/I provides a number of BIFs to control convensimom one
arithmetic data type to another. They are

. BINARY

. DECIMAL
. DIVIDE

. FIXED

. FLOAT

The following sections describe these functions.

4.2.1 TheBINARY BIF

The BINARY BIF has the form:

BINARY (X[,p]) | BIN(X[.p])

where X is the arithmetic variable or string exjgies to be

converted to a BINARY arithmetic data type, and phie target
precision.

When converting arithmetic variables, if X is FIXEBEINARY or FIXED
DECIMAL, the result is FIXED BINARY. If X is FLOATBINARY, the
result is FLOAT BINARY.
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If you do not specify p, then the result is asdoié:

X FLOAT BINARY (p) returns FLOAT BINARY (p)

X FIXED BINARY (p) returns FIXED BINARY (p)

X FIXED DECIMAL(p,q) returns FIXED BINARY(MIN(CEIL(p-q)*3.322)+1,15))
4.2.2 The DECIMAL BIF

The DECIMAL BIF has the form:

DECIMAL(X[,p[.q]]) | DEC(X[,p[.all)

where X is the arithmetic variable or expressiobeacconverted to

a FIXED DECIMAL arithmetic data type, and p andrg the precision

and scale factor of the result. A non-zero scatéofas valid

only if X is FIXED DECIMAL. If you do not specify @nd g, then the
result is as follows:

X FIXED BINARY (p) returns FIXED DECIMAL(CEIL(p/3.22)+1,0)
X FLOAT BINARY(p) returns FIXED DECIMAL(MIN(CEIL(p3.322),15),0)
X FIXED DECIMAL(p,q) returns FIXED DECIMAL(p,q)

4.2.3 TheDIVIDE BIF

The DIVIDE BIF controls the precision and scaletfaof results
for divide operations. The DIVIDE BIF has the form:

DIVIDE(X,Y,p[,q])

where X and Y are arithmetic expressions, and t§ Ise divided by
Y. p is a FIXED BINARY expression indicating thesited precision,
and g is a FIXED BINARY expression indicating thesited scale
factor. if you do not specify g, the default is®0nonzero scale
factor is valid only if X and Y are FIXED DECIMAL.

PL/I requires the DIVIDE function for FIXED BINARMivision. In the
full language FIXED BINARY division can generat@@anzero scale
factor, but PL/I Subset G does not support non-geade factors

for FIXED BINARY values.

4.2.4 TheFIXED BIF

The FIXED BIF has the form:

FIXED(X[,p[.all)

where X is the arithmetic variable or expressiobeacconverted to

a FIXED arithmetic data type, and p and q spetié/target

precision and scale factor.
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If X is FIXED DECIMAL, the result is FIXED DECIMAL Otherwise, the
result is FIXED BINARY. If X is FIXED BINARY, you nast specify q
0. A nonzero scale factor is valid only if X is FE® DECIMAL.

If you do not specify p or g, then the result defsean the
precision and scale factor of X as follows:

X FIXED BINARY(p)  returns FIXED BINARY(p)
X FLOAT BINARY(p) returns FIXED BINARY(MIN(15,p)
X FIXED DECIMAL(p,q) returns FIXED DECIMAL(p,q)

425 TheFLOAT BIF
The FLOAT BIF has the form:
FLOAT(X[,p])

where X is the arithmetic variable or expressiobeacconverted to
a FLOAT arithmetic data type, and p is the targetision. If you
do not specify p, then the result is as follows:

X FIXED BINARY(p) returns FLOAT BINARY (p)
X FLOAT BINARY (p) returns FLOAT BINARY(p)
X FIXED DECIMAL(p,q) returns FLOAT BINARY (MIN(CEIL(p-q)*3.322),53))

4.3 String Conversions

PL/I performs conversion between arithmetic andamitimmetic string
data items when they are combined in expressicaitsleT™-2 shows
the built-in functions used for converting betweeithmetic and
nonarithmetic data types.

Table 4-2. PL/I BIFs for Conversion
Between Arithmetic and Nonarithmetic Data Types

Conversion PL/I BIF
Arithmetic to Bit BIT(S[,L])

Arithmetic to Character CHARACTER(SI,LI)
Bit to Arithmetic BINARY (X[,P])

Bit to Character CHARACTER(S[,L])

Character to Arithmetic ~ BINARY (X[,P])
FLOAT(XL.p])
DECIMAL(X[,pL,all)
Character to Bit BIT(S[,L])

The following sections describe these PL/I BlIFs thedvarious
conversion rules for string operands.
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4.3.1 Arithmetic to Bit-string Conversion

The BIT BIF has the form:

BIT(S[,L])

where S is an arithmetic or string expression,laiga positive,
FIXED BINARY expression.

PL/I first converts ABS(S) to FIXED BINARY accordirto the
arithmetic conversion rules. It then converts théED BINARY
intermediate value to a bit string of length L.

If the target length is longer than L, PL/I pads thtermediate
result on the right with zero-bits. If the targength is less
than L, it truncates the right excess bits of titerimediate
result.

4.3.2 Arithmetic to Character Conversion
The CHARACTER BIF has the form:
CHARACTER | CHAR(S[,L])

where S is an arithmetic or string expression, larga positive,
FIXED BINARY expression.

PL/I first converts the various arithmetic dataggpo
intermediate character strings as follows:

. FIXED BINARY(p)

PL/I converts the source to FIXED DECIMAL(p"), wkep' =

CEIL (p/3.322) +1, and then converts the FIXED DML (p') result
to a character string of length p'+3 with the fatmdescribed

above.

For example, converting a FIXED BINARY(15) datant with value
-32 results in the character string VVVVVV-32.

. FLOAT BINARY(p)

PL/I converts the fractional part to a FIXED DECAM (p') where
p' = CEIL(p/3.322). The resulting character strisgf

length p'+6 for single precision, or p'+7 for duprecision

in scientific notation format. That is, the fidtaracter is

a minus sign if the source value is negative, vtfse the
position contains a space.

The next position contains the most significagitdif the
value, followed by a decimal point, and the renmajrp-I
fractional digits. The exponent indicator E follgwith an

4-9



PL/I Reference Manual 4.3 String Conversions

exponent sign and an exponent value. Single poecis
exponents have two digits, and double precisiggoergnts have
three digits.

For example, converting a FLOAT BINARY (24) datanit with value
250.1E1 results in the character string V2.501@3@3.

. DECIMAL(p,q),q=0

The resulting character string is length p+3. Tharacters
are composed of the digits of the source, witheading
zeros, preceded by a minus sign if the sourcesvialu
negative, and padded on the left with blanks talpce a
character string of length p+3.

For example, converting a FIXED DECIMAL (3) datarn with value
330 results in the character string VV330, whergeviotes a

blank position. Converting the value zero produogsblanks

and a single zero digit result.

. DECIMAL(p,q), g > O

The resulting character string is also of lengtB,pwith the
same string format as above, except that the @gginint and
the fractional digits are included.

For example, converting a FIXED DECIMAL(5,2) dém with
value -13.25 results in the character string V253 PL/I

omits leading zeros except for the one immedigtedgeding
the decimal point.

After performing the intermediate conversions,|Riads the
string on the right with blanks if the target I&mgs greater
than the length of the intermediate result. Coselr if the
target length is shorter than the intermediatalteBL/|
truncates the string on the right to produce timtsr
length.

4.3.3 Bit-string to Arithmetic Conversion

The BINARY BIF is described in Section 4.2.1. Whesed to convert

a bit string of lengtim (0 <=n <= 15) to an arithmetic data type,

PL/I first converts the string to its FIXED BINARY®) equivalent.

PL/I then converts the FIXED BINARY intermediatdwato the target
value according to the rules discussed in Sectibn 4

For example, '1101'B converted to FIXED BINARY (3#2lds the value 13.
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4.3.4 Bit to Character-string Conversion

The CHARACTER BIF is described in Section 4.3.2ewlused to
convert a bit string of length (0 <=n <= 15) to a character

string of lengtm, PL/I converts a zero-bit to a O character and a
one-bit to a 1 character. If the target lengtloigger than the
source, PL/I pads the target on the right with kdanf the

target length is shorter than the source length, tRincates the
excess characters on the right.

4.3.5 Character to Arithmetic Conversion

The conversion functions apply as follows:

. FIXED(X[,p[,q]] ) or DECIMAL(X[,p[,q]]) returns aFIXED DECIMAL
value. If you do not specify p, the default is 15.

. BINARY (X[,p]) returns a FIXED BINARY value. If yowo not
specifyp, the default is 15. The result is only the integer
part of X.

. FLOAT(X[,p]) returns a FLOAT BINARY value. If yodo not

specifyp, the default is 53. If X is null or contains all

blanks, the converted value is zero. If the taigebt

declared with sufficient precision to hold the eeried value,

the run-time system signals OVERFLOW(2) or UNDERRA/(2).

When performing character to arithmetic conversiba,character
string must contain a valid arithmetic constantiealPL/I signals
the ERROR(I) condition if the character string & a valid
arithmetic representation.

The following examples illustrate various convensidrom character
to arithmetic data types:

Table 4-3. Character to Arithmetic Conversion

Character Target Result
'00987' FIXED BINARY(1,5) 987
'0.87" FIXED DECIMAL(6,2) 0009.87
'-9.87E2'FLOAT BINARY(24) -9.87E2
'-9.87E2'FIXED DECIMAL(9,2) 0000987.00
'-9.87E2'FIXED DECIMAL(5.0) 00987
'-987.372' FIXED DECIMAL(4,2) ERROR
'2X36' FIXED BINARY(15) ERROR

FIXED BINARY(15) 0

FIXED BINARY(15) 0
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4.3.6 Character to Bit-string Conversion

The BIT BIF is described in Section 4.3.1. Whenduse
convert a character string, PL/I converts eachdbaitter
to a zero-bit, and each 1 character to a one-HiewW
performing character to bit string conversion, $berce
character string must contain only the characteasd1.

It can also contain leading or trailing blanks, bat

any embedded blanks. PL/I signals the ERROR(]) itimmd
if the character string is not a valid bit repreaéon.

If the target length is greater than the sourcgtlen
then PL/I pads on the right with zero-bits. If taeget
length is shorter than the source length, themiitdates
on the right. If the source is the null string, or
contains all blanks, then the result is a stringexb-bits.

End of Section 4
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Section 5
Data Aggregates

An aggregate is a grouping of multiple data itemg$2L/I, there
are two kinds of aggregates: arrays and structures.

. An array is an ordered collection of data itenlfedaelements
which all have the same attributes. The elemenéhafrray

can be scalar data items or structures. PL/| allpwsto

reference an entire array by name, or to referance

individual element of an array by using integersuipts that

denote the relative position of the element inghay.

. A structure is a collection of data items calleginnbbers which
can have different data types. The members olatsire can

be arrays. PL/I allows you to reference an entingcture by

name, or to reference an individual member of acstire with

a qualified reference that gives both the namé®eftructure

and the name of the member.

A variable that represents a data aggregate isccalther an
array variable or a structure variable.

5.1 Array Declarations

You define an array variable by specifying itsibtites in terms
of the number of elements in the array and theroegéion of the
elements. These attributes are called the dimessibthe array.
The general form of an array variable declaratson i

DECLARE name(bound-pair .... ) [attribute-list];

where name is any valid PL/I identifier. Each boyradr specifies
the number of elements in each dimension of theyaand has the
format:

[L:U]

where L is the lower-bound of the array, and Uhis apper-bound.
The values L and U can be any integer values sattlLtis less
than or equal to U.

The attribute-list is the set of data attributest gpply to all
the elements in the array. The ordering of attabus
unimportant, but the bound-pair list must precdseattribute
list.
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The number of elements in each dimension is thengxand is given
by

(upper bound) - (lower bound) + 1

The total number of elements in an array is thelpcoof the
extents of each dimension.

For example, the following statements are equivalen

declare A(3,4) character(2);
declare A(1:3,1:4) character(2);

Both statements define an array whose dimensitwasand whose
elements are character strings of length two. Xbene of the

first dimension is 3, and the extent of the seadintension is 4.
Thus, you can visualize A as an array with threesrand four
columns whose elements are character strings gtHewo.

1 2 3 4

1 XX XX XX XX

2 XX XX XX XX

3 XX XX XX XX

Figure 5-1. Two-dimensional Array

The statement

declare B(-2:5,-5:5,5:10) fixed binary;

defines the array B to be a three-dimensional amtayse subscripts
range from -2to 5, -5t0 5, and 5 to 10, respebfivihe

corresponding extents are eight, eleven, and esspetctively.
Thus, B contains 528 data items of FIXED BINARY alafpe.
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The following rules apply when specifying dimenson an array:

. In PL/I, there is no formal limit to the numberdimensions
an array can have. However, the practical limiinsted by

the total amount of available data storage, anateeall

complexity of any expression that you use to refeeean

individual element within the array.

. All bounds must be integer constants.
. The lower bound must be less than or equal tapipeer bound.
. At run-time, an out-of-bound array reference paEtu

unpredictable results.
5.2 Array References

In PL/I , any reference to an individual array eéathmust be
subscripted. The list of subscripts must be endase
parentheses. In multidimensional arrays, the nurabsubscripts
must match the number of dimensions.

A subscripted reference to an array element caanpevariable or
expression that PL/I converts to an integer vahaoe.example,

declare scores(20) fixed binary;
declare (counter, total) fixed binary;
total = 0;
do counter = 1 to 20;

total = total + scores(counter);
end;

Figure 5-2 illustrates the concept of subscriptedyareferences.

DECLARE ARRAY__A(4) FIXED; /* 4 COLUMNS */

4 4
( ARRAY _A(1 D ( ARRAY_A(3) )

Figure 5-2. Array Element References
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DECLARE ARRAY__B(3,4) FIXED;/* 3 ROWS, 4 COLUMNS */
1 2 3 4

ARRAY_B(1,4)

— ARRAY_B(3,3)

DECLARE ARRAY__C(2,3,4) FIXED; /* 2 PLANES, 3 ROWS, 4 COLUMNS */
1 2 3 4

ARRAY_C(1,1,3)

ARRAY__C(2,3.4)

Figure 5-2. (continued)
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5.3 Initializing Array Elements

You can use the INITIAL attribute with an array tieation to

specify values for the elements before execution.example, the

statement

declare colors(4) character(10) varying
static initial (RED','BLUE',GREEN',"'YELLOW);

assigns a value to each of the elements of thg asrahown in
Figure 5-3.

1 2 3 4

RED BLUE GREEN YELLOW

Figure 5-3. Array Initialization

If you assign each element of an array the same=yéte INITIAL
attribute can specify an iteration factor in theno

INITIAL(value[,value] ...
where value has the form:

[(iteration-factor)] constant-expression

The iteration factor is an unsigned decimal cortstadicating the
number of times to use the specified constant.cbmstant
expression can be any reference to an arithmestriog constant
or to the NULL built-in function, and must be cortipée with the
data being initialized.

For example, the statement:

declare test-scores(100) fixed binary
static initial((100)0);
initializes all the elements of the array test-ssao 0.
The statement:

declare grid(15) pointer;
static initial((15)null);
initializes the array grid with null pointer values
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The statement:

declare numbers(10) character(10)
static initial((10)'0123456789";

initializes all ten elements of numbers with thareftter string
constant '0123456789' (see Appendix A). <<IT DOES?
The statement:

declare numbers(10) character(10)
static initial((5)'0123456789',(5)'0";

initializes five elements of numbers with the cam$t0123456789',
and five elements with the constant '0".

PL/I stores the elements of an array internallsone-major order.
That is, the far right subscript varies the mopidly. If you

declare the array with the INITIAL attribute, ofeégence the

entire array in a GET or PUT statement, PL/I acegs$ise elements
in the same order.

For example, using the array declaration:

declare test-scores(2,2,2) fixed static
initial (1,2,3,4,5,6,7,8);
PL/I assigns values to the elements in the follgworder:

test scores(1,1,1)
test scores(1,1,2)
test scores(1,2,1)
test scores(1,2,2)
test scores(2,1,1)
test scores(2,1,2)
test scores(2,2,1)
test-scores(2,2,2)

1T 1 1 A 1 O A 1|
co~NOoO U WNBE

PL/I uses the same order to output the elemerdsPT statement,
such as:

doi=1to 2;
doj=1to 2;
dok=1to2;
put list(test-scores(i,j,k));
end;
end;
end;
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5.4 Arraysin Assignment Statements

Only in certain restricted cases does PL/I allovagay variable
to be the target of an assignment statement. Aatgrsient of the
form:

array-variable A = array_variable B;

is valid if the arrays are identical in dimensioralata type, and
the storage for both arrays is connected. In thé®ceach

element in array-variable-A is assigned the cowadmng element in
array-variable-B. For example,

declare A(20) fixed binary;
declare B(20) fixed binary;
A =B;

Individual elements of an array can also be targe#ssignment
statements. For example, in the following code saqe the
elements of one array are assigned values compaied the
elements in another array.

declare array_A(10) float binary;
declare array_B(10)fixed binary static
initial (0,1,2,3,4,5,6,7,8,9);

declare i fixed binary;
doi=1to 10;
array_A(i) = sqrt(array_B(i));
end;

Array variables cannot be operands for arithmgpierators such as
+ and — . For example, any statement of the form:

C=A+B;
is invalid if A, B, and C are array variables.

DRI PL/I does not allow any statement of the forms:

* array-variable = constant;
* array-variable = expression;

For example, the following code sequence is illégdtL/I:
declare A(10) fixed binary;

declare n fixed binary static initial(2);
A=n;
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However, you can obtain the same effect with tligieace:

declare A(10) fixed binary;
declare n fixed binary static initial(2);
declare i fixed binary;
doi=ito 10;
A() = n;
end;

5.5 Structures

A structure is an aggregate that can contain ithasfferent data
types. You can use structures to represent datanihie closely
reflect real-life objects.

The data items contained in the structure aread@éemembers.
Structures can contain scalar data items, arragsadér items, or
other structures called substructures. Structueesmered
hierarchically. The main structure is called thganatructure
and any substructure is called a minor structure.

A structure declaration defines the organizatiotewéls and the
names of the members on each level in the strudiwvery
structure declaration must contain the following:

. a name for the major structure,
. the names and data attributes of its members,
. and a level number for each name to define itsllgvthe

hierarchical order.
A structure variable declaration has the form:

DECLARE [level] name [attribute-list] ...
[.[level] name [attribute-list]];

Level numbers precede the names and must be seghématn them by
one or more spaces. The level number of a majoctsire is always
one. The definitions of each member, includindatel number,
name, and attributes, must be separated by conirhadevel
numbers of the members of a minor structure musgfréater than the
level number of the minor structure. However, beedevel numbers
precede their member names, they are factorecettieth A

sequence of the form:

level-k item-1, level-k item-2, ... level-k item-n
is equivalent to the sequence:
level-k (item-1, item-2, ... item-n)
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For example, the statement:

declare 1 A based,
2 (B fixed binary,
C character(2));
is equivalent to:

declare 1 A based,
2 B fixed binary,
2 C character(2);

Note: Level 1 structure names cannot have dataattpbutes, but

can have a dimension attribute. Level 1 structames can also

have the BASED, AUTOMATIC, EXTERNAL, PARAMETER, @TATIC
attributes.

The following statement is an example of a striectlgclaration:

declare 1 bill,

2 name,
3 last name character(20),
3 firs-E name character(20),
3 middle initial character(l),

2 address,
3 street character(20),
3 city character(10),
3 state character(3),
3 zip character(5),

2 charges,
3 shop fixed decimal(10,2),
3 snack bar fixed decimal(10,2),
3 misc fixed decimal(10,2),
3 dues fixed decimal(10,2);

Figure 5-4 shows the hierarchy of levels correspuntb this
declaration.

1-1-1
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BILL NAME LAST_NAME
<_=:::::::::::::::::HRSKNAME

MIDDLE_INITIAL

ADDRESS STREET
cITY

STATE

ZIP

SHOP

CHARGES
SNACK BAR
~!§§EEEEEEEEEEEEEEANSC
DUES

Figure 5-4. Hierarchy of Structure Levels

Both level numbers and names can be factored. Auitteg can arise
when referencing the members of structures bedhesgame of a
structure member can occur as the name of the mevhbeother
structure, or as the name of a data item in a sudiste of the

same structure. These ambiguities arise only wimber names in a
common scope of definition.

To resolve such ambiguities, use qualified namesference
members of structures. In a qualified name, the begmame is
preceded by a list of structure names in ascenalidgr of level
number, each followed by a period and zero or rbtaeks. The only
structure names required are those that determimégae reference
to the member name.

For example, in the structure:

declare 1 A,
2B,
3 C fixed,
3 D fixed,
2 BB,
3 C fixed,
3 D fixed,;

a reference to item C, or D, or A.C, or A.D is aguuius. The
qualified names B.C, or B.D, or BB.C, or BB.D unépidentify the
structure elements. The fully qualified names are

AB.C
A.B.D
A.BB.C
A.BB.D
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Figure 5-5 shows the hierarchy of levels.

A B C FIXED
\ D FIXED
C FIXED

BB———""___ [ FixeD

Figure 5-5. Hierarchy of Structure Levels
5.6 Mixed Aggregates

A mixed aggregate is either an array whose eleniecdlisde
structures, or a structure whose members incluggsryYou can
define an array whose elements are a single typgwiture by
giving the major structure name a dimension attebo the
structure declaration. You can also give minoraitres a
dimension attribute. When you declare a structute avdimension
attribute, each member of the structure inherigsdimension and
becomes an array.

For example, the statement:

declare 1 student list(100),
2 student name,
3 last name character(10),
3 first name character(10),
3 middle initial character(l),
2 social_security_number character(9),
2 country character(10),
2 grades(5) character(2);

defines an array of structures whose major straatame is
student - list. Figure 5-6 shows an array of thetegctures with
their elements.
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STUDENTL_LIST (100) STUDENT_NAME — LAST_NAME
¥ FIRST_NAME
SOCIAL_SECURITY_NUMBER MIDDLE_INITIAL
T COUNTRY

GRADES(5)

Figure 5-6. An Array of Structures

Each structure element of the array has the supgreales as a
member. To reference an entry in the array, you mnsss a

qualified name together with subscripts for thedtire names that
have a dimension attribute, and the member naihbak a
dimension attribute. The subscripts do not havapimear with

their corresponding name, but must occur in paesgh separated by
commas and in correct order.

For example, any of the following forms is a futjyalified,
unambiguous reference to the third grade entryhfesixty-first
entry of the array student-list:

student list(61).grade(3)
student list.grade(61,3)
student-list(61,3).grade

5.7 Mixed Aggregate Referencing

You can reference an entire mixed aggregate by nAmeference to
data items inside a mixed aggregate can be pgrsabiscripted,
and/or partially qualified. Any such reference tmixed aggregate
must identify connected storage (see Appendix@dnnected storage
means the data elements occupy consecutive stloreateons.
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For example, consider how PL/I stores the data etesfor the
declaration:

DECLARE 1 COLOR(100),
2 HUE CHARACTER (10) VARYING,
2 INTENSITY FIXED BINARY;

HUE(1)
INTENSITY())

HUE(2)
INTENSITY(2)

-(3)
t4SMY
COLOR(3) INTIE COLOR.HUE

COLOR.HUE(100) HUIE1100)
INTEN$11TY1100),
Figure 5-7a. An Array of Structures
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Now, the similar declaration,
declare 1 color,

2 hue(100) character(10) varying,

2 intensity(100) fixed binary;
stores the data elements as shown in Figure 5-7b.
COLOR.HUE ~
INTENSITY(2)
INTENSITY(3)
INTENSITY(100)
Figure 5-7b. A Structure of Arrays
In Figure 5-7a, color is dimensioned and eachsofriembers, hue
and intensity, inherits the declared dimension.réfoge, each
appears as an array, but the elements do not ocausecutive
storage locations.
In Figure 5-7b, color has two members, both of Wwtdce
dimensioned. The elements of each array occupyecotige storage

locations.
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Referring to Figure 5-7a, the storage for color(s),
color.hue(100) is connected storage, but the stoi@gcolor.hue
is unconnected. However, in Figure 5-7b, the stfag color.hue
is connected.

Each type of declaration has its advantages amdidisitages. The
specific application and method of access in aamgletermine the
type of declaration and the storage that results.

End of Section 5
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Section 6
Assignments and Expressions

6.1 The Assignment Statement

The assignment statement sets a variable equa¢ teatue of an
expression or constant. The assignment statemsrihbageneral
form:

variable = expression;

where variable is a scalar element, an arrayuatsire name, or a
pseudo-variable (Section 6.8) . The assignmergrsitt contains no
distinctive keyword.

PL/I does not allow multiple assignments in a stngtatement. For
example,

A B, C=5;
is invalid.
PL/I does allow statements such as:

A=(B=0C);

In this context, PL/I treats the equal (=) sigridesthe
parentheses as a relational operator (see SecEpnl®us, if

the variable B has the same value as the varighleeGelation is
true and PL/I assigns the bit-string value 111th&ovariable A

6.2 Expressions

An expression is any valid combination of operasiad operators
that PL/I computes at run-time to produce a value.

Various syntactic rules govern the arrangemenéfafrences,
operators, and parentheses in an expression. renefe can be a
constant, a variable, or a function. An operatdings the
computation to perform, using the operands to whichapplied.
Parentheses enclose various portions of the express

The following sections present the proper formolaf operands,
operators, and parentheses.
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6.2.1 Prefix Expressions

A prefix expression consists of a unary prefix @per followed by
an expression called the operand. PL/I first evakithe operand
and then applies the unary operator to the result.

The following are two examples of prefix expression

A /* logical Not of A */
-SQRT(B) /* minus square root of B */

6.2.2 Infix Expressions

An infix expression consists of two expressionsechbperands
separated by an infix operator. PL/I first evalgatee operands,
that can be expressions, and then applies the top¢oathe
result.

The following are two examples of infix expressions

A+B  /*sum of A and B) */
C**2  [* C squared) */

6.3 Precedence of Operators

In any unparenthesized expression or subexpresiighapplies
operators according to a set of precedence rusdeT-1 shows
the fixed order of precedence from highest to laweth operators
of equal precedence listed on the same line.

Table 6-1. PL/I Operator Precedence

Operator Symbol Priority
Exponentiation ** 1
Logical Not nor~ 1

Prefix Operators + - 1
Multiplication, Division */ 2
Addition, Subtraction + - 3
Concatenation [| or T or\\ 4
Relational Operators <=, >= 5

Logical And & 6
Logical Or | or!, or ?2?2? 7

When evaluating an unparenthesized expression,ifddits a
balanced parentheses pair around the highest mecedperators
and their corresponding operands first. It contindescending to
lower precedence operators and their operandsthatiéntire
expression is properly parenthesized.
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When equal precedence operators occur at the saeie PL/I
evaluates prefix operators and exponentiation frigint to left,
with the remaining operators evaluated from leftigit.

For example, the compiler treats the unparenthésxpression:
2+z*X*Y 2 5 Q
as the expression:

2+(Z*(X (Y 2)))1'5)) Q
I L- 1 1

6.4 Concatenation

The infix operator 11 concatenates either bit g&iar character
strings. Both operands must be of the same tygkthanresult is
the same type as the operands. The length of slutirey string
is always the sum of the lengths of the operands.

For character-string concatenation, if either opdraas the
VARYING attribute, then the result has the VARYINt&ribute. For
example, the code sequence:

declare
A character(3),
B character(6) varying,
C character(20);

A="ABC
B = 'ABCDEF";
C=A|lB;

assigns the character string ABCABCDEF of length the variable C.
6.5 Relational Operators

In PL/I, relational operators are infix operatdrattcompare the
relationship between two operands in an algebeaises.
Computational values can be compared accordingrieral algebraic
rules, but noncomputational values can only be @egbfor equality
or inequality.

Character string, bit string, and arithmetic déanis can be
compared using any relational operator. ENTRY, FILEBEL, and
POINTER data can only be compared using the equthhat equal
operators.
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ENTRY values are equal only if they identify thergaentry point in
the same block activation.

LABEL values are equal only if they identify thensa statement in
the same block activation. A LABEL value that idéet a label on
a null statement is not equal to a LABEL value o ather
statement.

POINTER values are equal only if they identify #zame storage
location, or they are both null values.

FILE values are equal only if they identify the saRile Parameter
Block (see Section 10.4).

If the operands differ in data type, PL/I first eents them to a
common type before making the comparison, and pneduces a bit
string of length one with the value '1'B, truethé operands are
equal, and 'O'B, false, if the operands are notlke(gee Section 4).

PL/I compares character strings by extending tloetshoperand on
the right with blanks until it is the same lengththe longer
operand. It makes the comparison character-by-ctearftom left

to right using the ASCII collating sequence (se@@&mlix C). In
this sequence, the value of any upper-case Isttess than any
lower-case letter, and the value of any numericadtar is less
than any alphabetic character.

For example, given the two strings JACK and JACKS®NI first pads
the shorter string with blanks and then comparesttings

starting on the left as shown, V denotes a blank:

JACKVVV

4A 41 43 4B 20 20 20

AREERN

JACKSON

4A 41 43 4B 53 4F 4E

Because S, 53h, is greater than a blank, 20h, JAIXIS greater
than JACK.

PL/I compares bit strings by extending the shasténg on the
right with zero-bits. Comparison is then made lpibli from left
to right with zero considered less than one. Fangle
'00010000'B is less than '00010001'B.
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6.6 Bit-string Operators
Table 6-2 shows the PL/I bit-string operators.

Table 6-2. PL/I Bit-string Operators

Operator Symbol
Complement (logical Not) Aor~

Inclusive Or (logical Or) | or ! or ??2?

And (logical And) &

PL/I performs bit-string operations on a bit-by-bitsis. The

unary Not operator reverses each bit value in ihstiing

operand, changing a zero-bit to a one-bit, andealitnto a zero

bit. For example, given the bit string A ='01110@®, then "A yields
'10001101'B.

The Or and And operators require two bit-stringrapds. If the
operands are of unequal length, PL/I extends tbeethone on the
right with zero-bits until it is equal in length the other

operand. The resulting string length equals thgdomf the two
operands.

The Or and And operators follow the rules of Boala#gebra:

X y x|y X y X&Y
0 0 0 0 0 0
0 1 1 0 1 0
1 0 1 1 0 0

Additional Boolean functions are easily construatethg the BOOL
built-in function (see Section 13.3).

6.7 Exponentiation

PL/I computes exponentiation as a series of midafibns if the
exponent is a nonnegative integer constant. Otlsenti evaluates
the operation using the built-in LOG and EXP tramstental
functions. When evaluating an exponential expresgi/| treats
the following as special cases:
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. If X=0 and Y>0, then X**Y = 0.

. If X=0 and Y<O0, then the run-time system signaks ERROR(3)
condition.

. If X"=0 and Y=0, then X**Y = 1.

. If X<0 and Y is not an integer, then the run-tigystem

signals the ERROR(3) condition.
6.8 Pseudo-variables

SUBSTR and UNSPEC are the names of two PL/I baiftshctions
(BIFs) that you can use as source operands in gsipres. However,
you can also use SUBSTR and UNSPEC as the targearngs on the
left side of assignment statements. In this casB SR and UNSPEC
are called pseudo-variables because they appeat like simple
program variables.

6.8.1 Character SUBSTR

The SUBSTR built-in function allows you to accessubstring of a
string. It takes one of the following two forms:

SUBSTR(char-variable,i)
SUBSTR(char-variable,i,j)

where char-variable is an optionally subscriptddremce to
CHARACTER variable or CHARACTER VARYING variablepd i and j are
FIXED BINARY expressions.

SUBSTR with two arguments extracts the substriagisg at
position i and continuing to the end of the strifRpsition 1 is
the first character of the string, position 2 teeand, and so
on.) The result is undefined if i exceeds the gttength.

SUBSTR with three arguments extracts the subsstading at
position i and continuing for j characters. Theutes undefined

if either i or i+j exceeds the string length, whére length is

the declared fixed size for CHARACTER variables] #ime current
length for CHARACTER VARYING variables.

For example, if the variable word contains the ahtar string
‘Josephine’, then the following assignments résulhe strings
indicated.

x = SUBSTR(word,l); /* x = 'Josephine' */
y = SUBSTR(word,5); /* y = 'phine"' */
z = SUBSTR(word,1,4); /* z = 'Jose' */
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The SUBSTR pseudo-variable is similar to the SUB®TR-in
function, except that it appears on the left ohasignment, and

it must appear alone. That is, SUBSTR cannot becelohdd in a
string expression when it serves as the targefstrirag
assignment. SUBSTR appears in this context as btiee dollowing
forms:

SUBSTR(char-variable,i) = char-exp;
SUBSTR(char-variable,i,j)= char-exp;

The SUBSTR pseudo-variable with two arguments asdige character
expression given by char-exp to the substring énctiar-variable,
starting at position i, and extending through #egth of the
char-variable.

The SUBSTR pseudo-variable with three argumenigr@sshe
character expression given by char-exp to the gaggn the char
variable, starting at position i and continuing feharacters.

The values of i and i+j must be within the currenfixed string
length, otherwise undefined results might occur.

The same char-variable can appear on both thaneftight side of
an assignment statement without partial substrirgwvarite during
the assignment.

For example, if the variable word contains the ahtar string
'Collegiate’, then following the statement,

substr(word,7) = substr(word,10,1);

the variable contains the string 'College
6.8.2 Bit SUBSTR

In PL/I, bit substring operations are similar te tharacter
SUBSTR shown in Section 6.8.1, with some restnidid=irst, PL/I
limits bit strings to the precision range 1 throdgh
corresponding to single- and double-byte valuesadamunt for the
intermediate precision values during compilatitwe length of a
bit substring operation must be constant.

Thus, the forms for bit substring are

SUBSTR(bit-variable,k)
SUBSTR(bit-variable,i,k)

where the bit-variable is an optionally subscripBdd variable
reference; k is an integer constant in the rantgelB, and i is a
FIXED BINARY expression.
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The effect of using SUBSTR with bit strings is itieal to the
character operation described, except PL/I sekebitstring of
length k when SUBSTR appears in an expressionaasigns it when
SUBSTR appears on the left as a target of a bitgsstore

operation.

The following section gives an example of bit SUBST
6.8.3 UNSPEC

The UNSPEC BIF returns a bit-string value of thietinal
representation of the argument. The UNSPEC BIRtagorm:

variable = UNSPEC(argument);

where the argument is an optionally subscripteeresice to a data
item that occupies a single- or double-byte menhoegtion.

Note:  PL/I does not allow an expression as theraggi to UNSPEC.

When UNSPEC appears as a pseudo-variable on thef ke
assignment statement, PL/I converts the assigriee @ a bit
string and directly stores it into the single- oublle-byte

location of the variable. Thus, UNSPEC allows yoatcess single
and double-byte variables as if they are 8-bit B#bit string

data items.

The UNSPEC pseudo-variable is often used as apesoachanism when
the usual features of the language do not appesiow access to

the underlying facilities. Do not use UNSPEC indteda more
appropriate high-level language facility, becautSPEC is
implementation-dependent. In fact, whenever it sepatessary to

use UNSPEC, examine the problem in a more genenatavsee if its

use can be avoided.

The following example shows two memory locationmbeccessed.
The UNSPEC operation loads two absolute addresse$n~o pointer
variables. Two based variables, in turn, overlasthtwo memory
locations so they can be accessed as 16- andy8dnitities. The

bit SUBSTR pseudo-variable is then applied to magabstring from
one location to the other.
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declare
(P, Q) pointer,
A bit(16) based(P),
B bit(8) based(Q),
| fixed;

| =4,

unspec(P) = 'FF80'b4;
unspec(Q) = 'FFF0'b4;
substr(B,4,2) = substr(A,l1,2);
End of Section 6
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Section 7
Storage M anagement

7.1 Storage Classes

Every variable in a PL/I program is associated \aistorage class.
The storage class determines how and when PLbatls storage for
a variable, and whether the variable has its owrage or shares
storage with another variable.

PL/I supports four different storage classes:

. AUTOMATIC (the PL/I default)
. BASED

. PARAMETER

. STATIC

For the AUTOMATIC and STATIC storage classes, tbmpiler allocates
storage before execution by generating code thahatically

associates the variable name with a given stoaggibn at run

time. For the BASED and PARAMETER storage clasgescompiler
maintains the variable name and attributes, bus do¢ allocate

any storage for it. The run-time system allocatesfeees BASED

and PARAMETER storage when the program runs.

To improve performance, PL/I treats AUTOMATIC stgeathe same as
STATIC storage, except in procedures marked as RESIVE.

Storage class attributes are properties of elemantsys, and
major structure variables. Entry names, filenaroespembers of
data aggregates cannot have these attributes.

7.1.1 The AUTOMATIC Storage Class

The compiler allocates storage for a variable hgitanto the
AUTOMATIC storage class before execution of themaiocedure. The
storage remains allocated until the program endsialgles

belonging to the AUTOMATIC storage class can hdeirtdata values
initialized with the INITIAL attribute (see Sectiohl.4).

Usually, the AUTOMATIC storage class forces dataage allocation
upon entry to the PROCEDURE or BEGIN block in whibk variable
appears. In PL/I, AUTOMATIC storage is staticallipaated to
improve performance.

The only exception is in the case of recursion,retike AUTOMATIC
variables must use the dynamic storage mechanigmet@nt data
overwrite on recursive calls.

7-1



PL/I Reference Manual 7.1 Storage Classes
7.1.2 The BASED Storage Class

A based variable is a variable that describes géotlaat must be
accessed with a pointer (see Section 3.4) . Thetqrois the
location where the storage for the based variadggnis, and the
based variable itself determines how PL/I intepthe contents of
the storage beginning at that location. Thus tlsetaariable
together with a pointer is equivalent to a nonbasatble.

You can visualize a based variable as a templateotierlays the
storage specified by its base. Thus a based varatud pointer
can refer to storage allocated for the based Meritdelf, or to
storage allocated for other variables.

The BASED variable declaration has the form:
DECLARE name BASED [(pointer-reference)];

where the pointer reference is an unsubscriptedNPER variable, or
a function call, with zero arguments, that rettarBOINTER value.

A pointer-qualified reference can be either implar explicit.
When you declare a variable as BASED without a teoireference,
each reference to the variable in the program imgkide an
explicit pointer qualifier of the form:

pointer-exp -> variable
where pointer-exp is a pointer-valued expression.

When you declare a variable as BASED with a poirgérence, you
can reference it without a pointer qualifier. The-time system
reevaluates the pointer reference at each occ@r@ftbe
unqualified variable using the pointer expressivegin the
variable declaration.

The following example illustrates the differencevibeen explicit
and implicit, pointer-qualified reference.

Main:

procedure options(main);

declare
list_A(100) fixed binary based,
list_B(100) fixed binary based(list_B_ptr),
(list_A-ptr,list_B_ptr) pointer;

list_ A-ptr -> list_A(47) = 0; /* explicit refererec*/
list B(47)=0; /* implicit reference */

end main;
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You can declare the same pointer name in a diffenevironment,
and use it to make an implicit pointer-qualifiederence.
However, PL/I takes the pointer variable name dnteo-valued
function name given in the pointer reference frown $cope of the
original BASED declaration. The following examplieistrates this
concept.

A
procedure options(main);
declare
(i,)) fixed binary,
p pointer,
x fixed binary based(p);
p = addr(i);
x = 2; [* implicit reference; x refers to i */
B:
procedure;
declare
p pointer; /* local to B */
p = addr(j);
x = 12; /* implicit reference; x still refers to'i
p -> x = 3; /* explicit reference; x now refersjtty
end B;
end A;

The following statements are examples of BASEDal#a
declarations:

declare A character(8) based,;
declare B pointer based(Q);
declare C fixed based(P);
declare D bit(8) based(FO);

7.1.3 The PARAMETER Storage Class

If a variable appears in a parameter list, the dtempssigns it

the PARAMETER storage class. Storage for paramétetocated by
the calling procedure when it passes the paramietene called
procedure.

See Appendix A for restrictions on the use of tAd&RRMETER storage
class.
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7.1.4 The STATIC Storage Class

The compiler allocates storage for a variable bgitapto the
STATIC storage class before execution of the maicgdure. The
storage remains allocated until the program endsialgles
belonging to the STATIC storage class can have tata values
initialized with the INITIAL attribute.

The INITIAL attribute directs the compiler to assimitial
constant values to STATIC data items upon storéigeadion. The
general form of the INITIAL attribute is

INITIAL (valuef,value] ...
where value has the form:
[(iteration-factor)] constant-expression

The optional iteration-factor is an integer thatdfies the
number of times the constant is repeated. The antskpression
must be a literal constant value that is compatiith the data
type being initialized. It consists of either artiopally signed
arithmetic constant, a string constant, or a NUblnger value.

You can initialize array data items with a singigtement. The
statement must begin with the first element ofatray, and
continue in row-major order until the end of thé aiinitialized
constants. The number of constants should not dxteesize of the
initialized array. Structure members must be irdimailly

initialized.

The assignment of constants follows the rules $sigmment
statements. For example, if you assign a charatriieg to a
variable that is longer than the string, PL/I ptudsstring with
blanks on the right.

Note: only STATIC variables can have the INITIAlirdiute to be
compatible with the ANSI Subset G PL/I standard.

The following code sequence illustrates the STASt@age class and
the INITIAL attribute:

declare A fixed binary static initial(0);
declare B(8) character(2) initial((8)'AB’) static;
declare
1 fcb static,
fcb_drive fixed(7) initial(0),
fcb_name character(8) initial'(EMP"),
fcb_type character(3) initial('DAT"),
fcb_ext bit(8) initial('00'B4),
fcb_fill(19) bit(8); << CHECK >>

NNNNDDN
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The following statements are examples of BASEDal#é
declarations:

declare A character(8) based;
declare B pointer based(Q);
declare C fixed based(P);
declare D bit(8) based(Fo);

7.2 The ALLOCATE Statement

The ALLOCATE statement explicitly allocates stordgea variable
with the BASED attribute. The ALLOCATE statemenshhe form:

ALLOCATE based-variable SET(pointer-variable);

The ALLOCATE statement directs the run-time systerobtain a
segment of storage from the dynamic storage asgagiarge
enough to hold the value of the based-variable.dégment of the
requested size is not available, the run-time sysignals
ERROR(7).

The based-variable must be an unsubscripted variafdrence,
where the variable is declared with the BASED latiie in the scope
of the ALLOCATE statement. The run-time system asahe
allocation address into the pointer- variable namatie SET
clause.

Storage allocated in this manner remains allocaiiti a
corresponding FREE statement is executed, usinglibeation
address held by the pointer-variable as an operand.

7.3 Multiple Allocations

The ALLOCATE statement allocates storage each tinseexecuted in
the program. A program can allocate storage fonglesbased
variable more than once, and as long as each tiadzas a unique
pointer, the program can reference all of them.és@mple,
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declare names(5) character(10) based;
declare (P,Q) pointer;

allocate names set(P);

P -> names(l) = 'John’;

allocate names set(Q);
Q -> names(3) = 'Smith’;

In this example, there is no compile-time storageeation for the
array variable names. The compiler automaticallycakes storage
for the pointers P and Q at compile time. At rungj the ALLOCATE
statements obtain two different allocations for earthat can then

be referenced with the appropriate pointer. Figufeillustrates

this concept.

STORAGE
STATEMENT ALLOCATED

DECLARE NAMES (5) CHARACTER (10) EASED; NO STORAGE
DECLARE (P,Q) POINTER,;

ALLOCATE NAMES SET ( P)
P -> names(l) = 'John , i

ALLOCATE NAMES SET (Q)
Q -> names(3) = 'Smith

Figure 7-1. Multiple Allocations of a BASED Variabl
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Note: when multiple allocations of a based varialdave the
same pointer, the pointer only references the mexsnt
allocation, and not any preceding ones.

7.4 The FREE Statement

Storage for a BASED variable remains allocated velgased with
the FREE statement. The FREE statement has the form

FREE [pointer-variable ->] based-variable;

where the pointer variable addresses an allocafistorage that
must have been previously obtained from the dynatoiage area
using the ALLOCATE statement. Unpredictable rescdts occur if a
program attempts to free unallocated storage.

If the pointer variable is not given in the FREBRtstnent, then the
based variable must be declared with the poinfereace option.
In this case, the run-time system returns the gwaaldressed by
the pointer reference to the dynamic storage area.

The run-time subroutines that maintain the dynastocage area
automatically coalesce contiguous storage segnasritsey are
released using the FREE statement.

Note: when the FREE statement releases a storiagatadn, both

the pointer and the contents of the storage areanhe undefined.
Unpredictable results can occur if the program reakey subsequent
reference to the freed storage.

The following code sequence illustrates the FREEestent:

declare

(P, Q, R) pointer,

A character(10) based,
B fixed based(R);

allocate A set(P);
allocate B set(R);
allocate A set(Q);

free P A;
free Q A;
free B;
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7.5 TheNULL BIF

The NULL BIF returns a pointer value that is a w&gnonvalid
storage address. This address is useful in maxkrigus pointer
values as empty, and is especially useful in thmsizaction of a
linked list.

A linked list is a data structure composed of eletsi¢hat not only
contain a data area but also contain a pointdreéméxt element
in the list. In such a list, the last element hagallowing

element, and its pointer has an invalid (null) ealdigure 7-2
shows a linked list.

POINTER ITEM ITEM ITEM ITEM

TO LIST 1 2 N-1 N
POINTER POINTER POINTER NULL
to to to POINTER

ITEM 3 ~IT I M'N"
ITEM2 _|

Figure 7-2. Linked List

The NULL built-in function has the form:

NULL[()]

Pointer values do not necessarily begin with a valile when
program execution begins. However, pointer val@eshe given a
null value by using the value returned by NULL e tvariable
declaration INITIAL option.

NULL is an invalid pointer qualifier for a basedriable. For
example, the following code sequence is invaliélil:

declare A pointer;
declare list(10) fixed binary based(A);

* = null();
* -[ist(10) = 32767; * this is invalid!! */

Section 10 in the PL/I Language Programming Guil@ains sample
programs that illustrate the use of BASED varialaled the NULL
function.
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7.6 The ADDR BIF

The ADDR BIF returns a pointer to the memory adsliescupied by the
variable name given as the argument. The ADDR Bi$-the form:

ADDR(variable name)

Note: the variable name must have an assigned nyesdolress, and
cannot be a temporary result created through thkcagtion of
functions and operators, nor can it be a constaatrmmed
constant such as a FILE, ENTRY, or LABEL constant.

7.7 Storage Sharing

Use of BASED variables in conjunction with the ADIBR- allows
storage sharing in PL/I. With storage sharing,ltased variable

is not explicitly given storage with the ALLOCATEasement.
Rather, the based variable acts as a templatetkdays the
storage for an existing variable.

To share storage, you must use the ADDR BIF téhgepointer base
for the based variable to the address of the exgjstariable.
Subsequent access to the based variable then estbkesverlayed
variable. The only requirement is that the lendtthe based
variable, in bits, be less than or equal to thgtlerf the

existing variable, in bits.

The following program illustrates storage sharidgre, the value
of a character string is overlayed by a bit-strlegtor. The
output from the program is the character-stringi@alvritten in
hexadecimal bit-string form.

declare
i fixed binary,
ptr pointer,
word character(8),
bit vector(8) bit(8) based(ptr);
ptr = addr(word);
get list(word);
doi=1to8;
put edit(bit-vector(i)) (x(2),b4(2));
end;

If you enter the word Digital at the console, tterage location
allocated for the variable word appears as shown:

_F

D g t I a sp
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The based variable bit vector is simply a temptlas overlays the
storage for word as ~Eown:

where x denotes a single bit. Thus on output, tbgnam reads the
bit string starting at the location of word and eerts it to a
hexadecimal representation of the individual characstored in
word.

Note: there is an important consideration involirethis type of
storage sharing. The preceding example dependemnlé&dge of the
internal data representation used by PL/I; namaght bits
represent a character. Thus, the program is impitatien
dependent. This runs counter to the Subset G mimlgsof writing
transportable programs. PL/I allows such storageis) using
based variables, but the resulting code might edtémnsportable

to a different implementation.

7.8 Programing Considerations

Based variables and pointers are powerful toolsiiee they give

you direct access to memory. However, use them esithion.
Remember that storage obtained with the ALLOCAT&Eeshent remains
allocated until it is freed or the program endsy Avased

variables and pointers that refer to the allocatedage remain

active only as long as the block in which they deelared remains
active. When control passes out of the block, theage becomes
inaccessible.

Note: PL/I cannot tell if the size of a based Valgadoes not
correspond to the size of the storage to whicefédrs. If a

program assigns a value to a pointer-qualifiedregfee whose size
does not match the allocated storage, then thewrtmof adjacent
storage locations can be destroyed.

The following errors are common when using base@bbes and
pointers:

. assigning a pointer the NULL value somewhere éngtogram and
subsequently using it elsewhere in a pointer-fjadli
reference.

. using a pointer to reference a based variable &vbttgage has
been freed.

. using a pointer whose value has been lost beaHube

deactivation of the block in which it was declared

End of Section 7
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Section 8
Sequence Control

PL/I program statements usually execute sequentiétiu can use
sequence control statements to alter this norraal fith
conditional and unconditional branching and cotelooping, as
discussed below. Procedure invocations includimgtion calls
also alter the normal execution sequence, anchasedonsidered
sequence control statements (see Section 2.5).

8.1 The Simple DO Statement

A DO-group is a sequence of statements that begithsa DO
statement and ends with an END statement. Thenstais must be
executable. A DO-group cannot define variables whars/ironment is
limited to the body of the DO-group. A DO-group aztur in one of
two forms: the simple, noniterative DO-group, ane tontrolled,
iterative DO-group.

The simple DO statement has the form shown in Ei@id where
Statement-1 through Statement-n constitute the bbtlye DO-group.

DO;
END;
Figure 8-1. Forms of the DO Statement
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The following code sequence illustrates the sinfgroup:

do;
x = 3.14/2;
y = sin(x);
z +y;
end;

8.2 The Controlled DO Statement
The controlled DO statement has one of two gererais:

DO WHILE(condition);
DO control-variable = do-specification;

where the control-variable is a scalar variable;dbndition is a
Boolean expression, and the do-specification isafribe
following:

start-exp [TO end-exp] [BY incr-exp] [WHILE(conditn)]
start-exp [BY incr-exp] [TO end-exp] [WHILE(condith)]
start-exp [REPEAT repeat-exp] [WHILE(condition)]

In these general forms, start-exp is an expresgexifying the
initial value of the control -variable; end-expais expression
representing the terminal value of the control-aale; incr-exp is
an expression added to the control-variable atieh @xecution of
the loop, and the repeat-exp is the expressiorigltzssigned to
the control-variable after each iteration. Corditis an
expression yielding a bit-string value that is ¢dased true if

any of the bits in the string are one-bits.

If the TO end-exp form is included but the BY iretp is omitted,
then PL/l assumes the incr-exp to be one. The tnmg using TO
and BY execute in exactly the same manner, andrdiffly in the
order of these two elements in the program text.

PL/I evaluates the WHILE expression each time leéotecuting the
DO-group. If the condition is false, the loop exiéon terminates,
and control passes to the statement following &lartted END
statement.

With the exception of the REPEAT expression andWélLE
expression, PL/I evaluates expressions in the doifigation
before executing the loop, so that changes mathetstart, end,
or incremental values do not affect the numbemoés a loop
executes.
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In the case of the REPEAT option however, PL/I rapates the
repeat-exp after each iteration. It then assigissrédtomputed
expression to the control-variable and evaluatesNHILE test, if
there is one.

PL/I defines the actions of iterative groups beguence of
equivalent IF and GOTO statements. Expressions213, and e4
are appropriate start-exp, end-exp, incr-exp, repea, and
condition values, while i represents a valid cortariable.

8.2.1 The DO WHILE Statement

DO WHILE(el);

END;

is equivalent to the sequence of statements:

DO WHILE(E),

END,

Figure 8-2. The DO WHILE Statement

8.2.2 The DO REPEAT Statement

DO i = el REPEAT(e2);

END;

is equivalent to the sequence of statements showigure 8-3.
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DO | + E1 REPEAT(E2);

END;

L*

Figure 8-3. The DO REPEAT Statement

Note: in this case, the loop proceeds indefinitedsil terminated
by an embedded GOTO or STOP statement.

8.2.3 The DO REPEAT WHILE Statement
DO i = el REPEAT(e2) WHILE(e3);

END;
is equivalent to the sequence of statements slowigure 8-4.

DO | = E1 REPEAT(E2) WHILE(U);
I-E2

END;

E3
T
Figure 8-4. The DO REPEAT WHILE Statement
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Thus, the simple iterative DO-group:
DOi=elTO e2;
END;
is equivalent to the sequence of statements:
DOi=elTO e2 BY e3;
END;
where e3 =1, that can be expressed as the equisaiguence:
i=el;
LAST =e2;
INCR = e3;
LOOP:

IF endtest THEN
GO TO ENDLOOP;

i i + INCR;
GOTO LOOFP;
ENDLOOP:;

where the IF statement containing the endtest coshe control
variable with the value of LAST. The compariso#sed on the
sign of the incrementing value INCR. If INCR is a¢ige, the END
test is

IFi<LAST THEN
GOTO ENDLOOP;

Otherwise, the END-test becomes

IFi>LAST THEN
GOTO ENDLOOP;
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8.2.4 TheDO BY WHILE Statement
DO el TO e2 BY e3 WHILE(e4);
END;
is equivalent to the sequence of statements showigure 8-5.
F
E4
DOIEITOE2BY E3WH | LE(E4),

T
F

T

END,
I-E1

Figure 8-5. The DO BY WHILE Statement

In these equivalent sequences, the value of LARITIEAER take on
the characteristics of the expressions e2 and emetic
conversions and comparisons take place at eactastepding to
PL/I rules.

8.3 ThelF Statement

The IF statement allows conditional execution sfaaement or
statement group, based upon the true or false wdladBoolean
expression. The optional ELSE clause provides tnredtive
statement or group of statements to execute wheBdblean
expression produces a false value.
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The IF statement has the general form:
IF expression THEN action-1 [ELSE action-2]

where the expression is a scalar expression takltsya bit-string

value. Action-1 and action-2 can be either simfdéesnents, or

compound statements contained within a DO-groupEBIN block. If

either action-1 or action-2 is a simple statemi¢éicgnnot be a

DECLARE, END, ENTRY, FORMAT, or PROCEDURE statemehie statements
in action-1, and action-2 if included, must terndénaith a

semicolon; therefore, the semicolon is not includtethe preceding

general statement form shown.

PL/I evaluates the expression to produce a brgtif any bit
in the string is equal to one, then PL/I perforrosaam-1.
Otherwise, control passes to action-2, if includedp the next
statement in sequence following the IF statement.

IF statements can be nested, in which case P4 pach ELSE with
the innermost unmatched IF THEN pair. You can udkstatements
to force the desired IF ELSE pairing. For examisieéhe following
code sequence containing nested IF statementsuthstatement
following the second ELSE corresponds to the se¢BricHEN test.

if A=Y then
if Z=Xthen
if W > B then
C=0;
else
CcC=1;
else;
else A=Y2;

8.4 The STOP Statement

The STOP statement unconditionally stops the progcdoses all
open files, and returns control to the operatirggesy. You can
use the STOP statement anywhere you want to stoprtigram.
The STOP statement has the form:

STOP;

8.5 TheGOTO Statement

The GOTO statement unconditionally transfers cditra specific
labeled statement. The GOTO statement has eithtbedbrms:

GOTO label constant label variable;
GO TO label constant label variable;

where the label constant is a literal label thatemps as the
prefix of some labeled statement, and label vagigbh simple or
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subscripted label variable that is assigned theevaf a label
constant.

The evaluated label constant must label a stateinéhé scope of
the GOTO statement, and cannot be within an emhkitei@tive DO
group of any sort. The following example illustratéis kind of
invalid transfer.

A: proc options(main);
goto no-no;
-do i=l to 10;

no-no:; /*invalid transfer!!
end;

end A;

Transferring control with a GOTO statement is validy when the
target label is known in the block containing th®@T3® statement.
Thus, transfer of control using GOTO statementslabédls is
limited to the currently active block or a contaigiblock.

The following are examples of GOTO statements:

goto labl;
goto where;
go to L(J);

8.6 The Nonlocal GOTO Statement

In a nonlocal GOTO statement, the evaluated tdagped constant
occurs outside the innermost block containing tREIG statement.

Usually, you should avoid the nonlocal GOTO becaus®kes the
program harder to debug and maintain.

There are situations when the nonlocal GOTO is@mte. With
nonrecoverable error conditions, it is often uséfubranch
directly to a global error recovery label wheregreon execution
recommences. In such a case, PL/l automaticallgrteall
embedded ON-units and discards procedure retuonniation.
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The following code sequence shows an instancenofitocal GOTO
from within a procedure definition:

p: procedure;

on endfile(sysin)

begin;
goto eof;
end;
i=1;
do while (' I b)
get file(sysin) list(a(i));
[ +
end;
end p;
call p;
eof;

End of Section 8
111-N,
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Section 9
Condition Processing

PL/I supports run-time interception of conditiohattwould usually
end the program. The ON, REVERT, and SIGNAL statgsprovide this
facility.

A condition is any occurrence that interrupts thegpam's normal
flow of execution. A condition can be signaled bg tun-time
system or by the program itself, at which pointtcolnpasses to a
preestablished logical unit for that condition.

Certain conditions are nonrecoverable. This melaaisthe
specified logical unit cannot return control to ffwnt where the
condition was signaled, but instead must exec@®aO to a
nonlocal label. Other conditions are recoveraldethat the unit
can perform some local action and then return obidrthe point
of the signal.

PL/I recognizes the following general categoriesarditions:
* a general error condition (ERROR)
* arithmetic error conditions such as
- FIXEDOVERFLOW
- OVERFLOW
- UNDERFLOW
- ZERODIVIDE
*and 1/O conditions such as
- ENDFILE
- ENDPAGE
- KEY
- UNDEFINEDFILE
9.1 The ON Statement

The ON statement defines the action to take whersplecified
condition is signaled.

The ON statement has the general form:
ON condition-name ON-unit;

where the condition-name can be one of the pregduited
conditions.
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An ON-unit is enabled when it is ready to intercamiondition. An
ON-unit is active when it is processing a signaleddition. An
ON-unit can be a PL/I statement, or several Plafieshents
contained in a BEGIN block. PL/I processes the QiN-when the
particular condition named in the ON statemenigealed.

Exit from an ON-unit cannot be through a RETURNestzent, although
this restriction does not preclude a procedurendefin within a
BEGIN block.

Once all the statements of the ON-unit are exegtitedflow of
control resumes at the point where the conditioa signaled,
provided that the condition is recoverable. Alteéirely, the ON

unit can execute a nonlocal GOTO and transfer obtdrsome label
outside the ON-unit.

An ON-unit remains active until the program exeswecorresponding
REVERT statement, or control leaves the block dairtg the ON
statement. You can establish more than one ON-tiondn the same
block. For example, ERROR(l) and ERROR(2) are déifé: conditions.
However, if you establish more than one ON-unittfe same
condition in the same block, PL/T automaticallyeds the previous
ON-unit before establishing the new one.
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A:

PROCEDURE OPTIONS(MAIN);

ON ENDFILE

ON ENDPAGE

ON ERROR(2)

B:
PROCEDURE;

ON ERROR(1)
REVERT ERROR(1)
-END B;

-END A;

Figure 9-1. ON-unit Activation

In Figure 9-1, PL/I first enables the ON-units foe ENDFILE,
ENDPAGE, and ERROR(l) conditions. At this pointete are three
ON-units enabled. When control flows into procedBré’L/l enables
the second ON-unit for the ERROR(I) condition asdaiates it with
the activation of procedure B. There are now fowabded ON-units.

Executing the REVERT statement reverts the cu@unit for
ERROR(I), the one associated with procedure B. fidgstablishes

the ON-unit for ERROR(]) in the encompassing praredA, and again
leaves three enabled ON-units. Note that if B refurontrol to A
without executing the REVERT statement, PL/I auttcadly reverts

the ON-unit.

9-3



PL/I Reference Manual 9.2 The SIGNAL Statement
9.2 The SIGNAL Statement

The SIGNAL statement causes a particular condioomccur
programmatically and invokes a corresponding ON;ufnbne is
enabled. If no ON-unit for the condition is enabldw PL/I
default action occurs. If the condition is nonresble the
default action prints a traceback and terminategptogram.
The SIGNAL statement has the form:

SIGNAL condition-name;

where the condition-name is one of the condititsied previously.
For example, the statement:

signal zerodivide;
invokes the current ZERODIVIDE ON-unit.

9.3 The REVERT Statement

The REVERT statement disables the current ON-wniafspecific
condition and reestablishes the one that precadddt iexists.

The REVERT statement has the form:

REVERT condition-name;

where the condition-name is one of the conditidgsted previously.
For example, the statement:

revert overflow;

disables the current ON-unit for the OVERFLOW cdiadh.

Note: upon exit from a PROCEDURE block, PL/I autticglly reverts
any ON-units enabled within the block.

9.4 The ERROR Condition

The ERROR condition is the broadest category dPBll conditions.
It includes through its subcodes, both system-éefiand user
defined conditions. There are four groups of ERRORdition
subcodes:

(A) 0 - 63 Reserved for PL/I(Nonrecoverable)

(B) 64 - 127 User-defined (Nonrecoverable)
© 128 - 191 Reserved for PL/I(Recoverable)

(D) 192 - 255 User-defined (Recoverable)
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Usually, the error codes are implementation-spec8ee the PL/I
Language Programmer's Guide for the codes curraatligned in
group A.

The ON statement with the ERROR condition has ¢hm$:

ON ERROR](integer-expression)] on-body;

SIGNAL ERROR](integer-expression)];

REVERT ERROR](integer-expression)];

where integer expression is a specific subcodeenmange 0-255.
For example, the statement:

ON ERROR(3) ... ;

intercepts the ERROR condition with the subcode 3.

The forms:

ON ERROR on-body;
ON ERROR(()) on-body:

intercept any error condition, regardless of thecsde.

The following code sequence shows a simple exaofilee ERROR
condition:

on error(l)
begin;
put skip list('Invalid Input:");
goto retry;
end;
retry:
get list(x);

The GET statement reads variable x from the SY8&\dnd if the
data is invalid, the run-time system signals ERRPRG this

case, control passes to the ON-body, which writesreor message
to the console, and recommences execution at thelabel.

You can use the SIGNAL statement with the ON statano intercept
either nonrecoverable or recoverable conditions.example, the
statement:

signal error(64);

signals the ERROR(64) condition, and if there iOi+unit enabled
for ERROR(64), then the corresponding ON-body rezcontrol.
Otherwise, the program ends with an error messege statement;
signal error(255);

performs a similar action except that the programschot end if an
ON-unit for the ERROR(255) condition is not enabled
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9.5 Arithmetic Error Conditions

PL/I handles several arithmetic error conditionse3e conditions
are

« FIXEDOVERFLOWI[(i)]
« OVERFLOWI[(i)]

« UNDERFLOW[W]

« ZERODIVIDEJ(i)]

where i is an optional integer expression denadisgecific error
subcode. Similar to the ERROR function, the ON, BRJ, and SIGNAL
statements can specify any of the preceding camditi

If you do not specify an integer expression, PkBwanes a value of
zero. An ON statement with subcode of zero inteicapy subcode
from 0-255. PL/I divides the arithmetic conditiambgsodes into
system-defined and program-defined values, anabgwthe ERROR
function.

Note: all arithmetic error conditions are nonreqalde. When
setting an ON condition for an arithmetic exceptitme ON-body
should transfer control to a global label. Otheeythe program
ends upon return from the ON-unit.

Table 9-1 shows the system codes for arithmetar @wnditions.
Table 9-1. Arithmetic Error Condition Codes

Condition Meaning

FIXEDOVERFLOW(l) Decimal Operation

OVERFLOW(l) Floating-point operation
OVERFLOW(2) Float Precision Conversion

UNDERFLOW(I) Floating-point operation
ZERODIVIDE(l) Decimal Divide
ZERODIVIDE(2) Floating-point Divide
ZERODIVIDE(3) Integer Divide
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9.6 The ONCODE BIF

The ONCODE BIF returns a FIXED BINARY(15) value repenting the
type of error that signaled the most recent conwlitif a signal

is not active, ONCODE returns a zero. After an Qiil-is

activated, ONCODE can determine the exact sourtieeoérror. The
following code sequence illustrates the use of OREO

on error
begin;

declare

code fixed;

code = oncode();

if code = 1 then

do;

put list('Bad Input:");
goto retry;

end;

put list('Error#',code);
end;

retry:

9.7 Default ON-units

PL/I has default ON-units for each of the conditeategories that

usually output an appropriate error message andhenpgrogram.

PL/I does not signal the FIXEDOVERFLOW conditiom fIXED BINARY
overflow, although it does for FIXED DECIMAL ovedilv.

9.8 /O Conditions

During I/0 processing, the run-time system canaligaveral
conditions relating to the access of a particular These
conditions are the following:

ENDFILE(file-reference)
UNDEFINEDFILE(file-reference)
KEY (file-reference)
ENDPAGE(file-reference)

where file-reference denotes a file-valued expogssihe file
value that results need not denote an open filti®e10.5
describes each of the 1/0O conditions in detail.

End of Section 9
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Section 10
|nput and Output Processing

PL/I provides a device- independent input/outpstey that allows a
program to transmit data between memory and amreltdevice such
as a console, a line printer, or a disk file.

The collection of data elements transmitted toromfan external
device is called the data set. A correspondingria file
constant or variable is called a file.

As with other data items, you must declare alkfibefore you use
them in a program. The general form of a file dextlan is

DECLARE file-id FILE [VARIABLE];

where file id is the file identifier. The declam@ti defines a

file constant if you do not include the VARIABLEtabute.
Including the VARIABLE attribute defines a file vable that can
take on the value of a file constant through aigassent
statement. 1/O operations on file variables ar@vahly after

you assign a file constant to a file variable.

Note: by default, PL/I assigns the EXTERNAL attidtio a file
constant. Unless you declare a file variable as ERWAL, PL/I
treats it as local to the block where you declare i

10.1 The OPEN Statement

PL/I requires that a file be open before perfornang 1/0
operations on the data set. You can open a filéagtkp by

using the OPEN statement, or implicitly by accegsire file with
one of the following I/O statements:

* GET EDIT

* PUT EDIT

* GET LIST

* PUT LIST

* READ

* WRITE

* READ Varying
* WRITE Varying

Sections 11 and 12 contain detailed descriptioteeof/arious 1/O
statements.
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The OPEN statement has the form:
OPEN FILE(file-id) [file-attributes];

where file id is the identifier that appears inlaBE-declaration
statement, and file-attributes denotes one or rabtiee following
PL/I keywords:

STREAM RECORD
PRINT

INPUT OUTPUT | UPDATE
SEQUENTIAL | DIRECT
KEYED

TITLE

ENVIRONMENT

PAGESIZE

LINESIZE

e o e o e OO OO

All the attributes are optional and you can spettism in any

order. Multiple attributes on the same line areflacting

attributes so you can only specify one. The first bsted is the
default attribute. PL/I Subset G requires any im@atation

specific information to be isolated in the TITLEGGENVIRONMENT
attributes. See Appendix A.

A STREAM file contains variable length ASCII da¥ou can
visualize it as a sequence of ASCII character datggnized into
lines and pages. Each line in a STREAM file is dateed by a
linemark, that is a line-feed or a carriage relime-feed pair.
Each page is determined by a pagemark, or form-feeche text
editors automatically insert a line-feed followiegch carriage
return, but files that PL/I creates can have lieeds without
preceding carriage returns. PL/I then senses ttieEthe line
when it encounters the line-feed.

A RECORD file contains binary data. PL/I accessesdata in

blocks determined by a declared record size, dhbyize of the

data item you use to access the file. A RECORDnfiggy also have

the KEYED attribute, and you can use FIXED BINAR¥yk to directly
access the fixed-length records.

PRINT applies only to STREAM files, and indicatkattthe data is
for output on a line printer.

For an INPUT file, PL/l assumes that the file athg@xists when it
executes the OPEN statement. For an OUTPUT fild, &kates the
file when it executes the OPEN statement. If theediready

exists, PL/I first deletes the old one, then createew file.

You can read from and write to an UPDATE file. Ptri¢éates an
UPDATE file if it does not exist when executing tB®EN statement.
An UPDATE file must have the RECORD attribute aadmot have the
STREAM attribute.
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SEQUENTIAL files are accessed sequentially fromibeigg to end.
DIRECT files are accessed randomly using keys. Blufbmatically
gives DIRECT files the RECORD and KEYED attributB&/I requires
you to declare all UPDATE files with the DIRECT réiute so that
you can locate the individual records.

A KEYED file is simply a fixed-length record fil&he key is the
relative position of the record in the file basgabn the fixed
record size. You must use keys to access a KEYIEDHL/I
automatically gives KEYED files the RECORD attribut

The LINESIZE attribute applies only to STREAM OUTPHlles, and
defines the maximum input or output line lengtlelaracters. The
default is LINESIZE(80).

The PAGESIZE attribute applies only to STREAM PRIfilés, and
defines the number of lines per page. The defalAGESIZE (60) .

The TITLE(c) attribute defines the programmatic mection between
an internal filename and an external device oleairi the

operating system's file system. If you do not SyeziTITLE
attribute, the external filename defaults to thiigaf the file
reference, with the filetype DAT. For example,

TITLE(file-id.DAT")

The character string ¢ can specify either an eatatavice name or
a disk filename. Usually, the names of externalcisvare
implementation specific. The following table shaidve names of
external devices used in different implementations.

Table 10-1. External Device Names

Implementation

External Device CP/Ma IBM DOS

System Console $CON CON:

System List Device $LST LPTL1: or PRN:
System Reader $RDR AUX or COM:I
System Punch $PUN AUX or COMI

If the character string c is a disk filename, itsnioe in the
form:

d:filename.typ;password

The drive specification d:, the filetype typ, ahe ppassword are
optional. If you specify a password in the TITLEiaute, the
ENVIRONMENT attribute (described later in Sectioh 1) defaults to
ENVIRONMENT (Password(Read)).
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Note: not all implementations support passwordgmibn. See
Appendix A.

Either the filename, filetype, or both, can be $%2. If you
specify $1 then PL/I takes the first default namoerf the command
line and fills it into that position of the titI&imilarly, $2 is

taken from the second default name and filled ihtoposition
where it occurs.

You must specify the filename, and you cannot userabiguous, or
wildcard, reference in the filename, filetype, loe drive
specification. You can open a physical I/O devioly@s a STREAM
file. A reader device must have the INPUT attribated a punch or
list device must have the OUTPUT attribute.

The ENVIRONMENT attribute defines fixed- and vailedength record
sizes for RECORD files, internal buffer sizes, fileeopen mode,

and password protection level.

The ENVIRONMENT attribute has the form:

ENVIRONMENT (option.... )

where option is one or more the following:

. Locked | L

. Readonly | R
Shared 15
Password[(level)) | P[(level)]

* Fixed(i) F(i)

* Buff(b) B(b)

You can specify options in the ENVIRONMENT attribub any order
with the exception that Fixed(i) must precede Baf(

The default mode for opening a file is locked maate] prevents

other users from accessing the file while it isrogeeadonly

allows more than one user to open the file for Realy access.
Shared, or unlocked, mode means that more thanserecan open the
file and access it. In Shared mode, you can apely OCK and
UNLOCK built-in functions to individual records the file. You

can abbreviate each of the open modes with a safgleacter.

Thus, you can specify either Locked or L, Readamlir, and Shared
orS.

The option Password] (level) defines the passwooteption level
of the file. The valid protection levels are thddwing:

Read R
Write W
Delete ~ D
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Read means that the password is required to redfldhthis is
the default mode. Write means that the file canelael but the
password is required to write to the file. Deleteams that the
file can be read or written to, but the passwonegiired to
delete the file. You can abbreviate each of thégot®mn levels
with a single character. Thus, you can specify Redd, Write or
W, and Delete or D.

The option Buff(b) directs the I/O system to bufebytes of
storage, where b is a FIXED BINARY expression thatl will round
to the next higher multiple of 128 bytes. If thefffo) option is
specified and the Fixed(i) option is not specifithe I/O system
assumes that the file has variable-length recandgtzerefore
cannot have the KEYED attribute because the resiaedis not
fixed.

The option Fixed(i) defines a file with fixed-lehgtecords
containing i bytes each, where i is a FIXED BINARXpression that
PL/I internally rounds to the next multiple of 1Bgtes. If you

use this option, you must also specify the KEYEBilaite. When
using this option, the default buffer size is idgjtrounded to

the next higher multiple of 128 bytes.

The options Fixed (i) Buff (b) defines a file cointag fixed-length
records of i bytes, rounded as described previpusth a buffer
size of b bytes, again, rounded. You can specfiyeal-length
record larger than the buffer size. When usingetoggions, you
must also specify the KEYED attribute.

10.2 Establishing File Attributes

When executing the OPEN statement, PL/I establigiefile
attributes before associating the file with an maédata set.

If the OPEN statement does not specify a compkttefsattributes,
PL/I augments them with implied attributes. TakleZlshows the
implied attributes for each specified attribute.

Table 10-2. PL/I Implied Attributes

Specified Attribute Implied Attribute(s)
DIRECT RECORD KEYED
KEYED RECORD
PRINT STREAM OUTPUT
SEQUENTIAL RECORD
UPDATE RECORD

Note: the OPEN statement cannot contain conflicatigbutes
either explicitly or by default through the mechans that give the
implied attribute.
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Each type of I/O statement implicitly determinespacific set of
file attributes. If you use the OPEN statementdplieitly

specify the attributes, the attributes implied g O statement
cannot conflict with the attributes supplied in tDBEN statement.
Table 10-3 summarizes the valid attributes for ezdhe 1/0
statements.

Table 10-3. Valid File Attributes for each 1/0O Statent

1/0 Satement Valid Attributes

GET FILE(f) LIST STREAM INPUT

PUT FILE(f) LIST STREAM OUTPUT
GET FILE(f) EDIT STREAM INPUT

PUT FILE(f) EDIT STREAM OUTPUT
READ FILE(f) INTO(x) STREAM INPUT

READ FILE(f) INTO(x) RECORD INPUT SEQUENTIAL
READ FILE(f) INTO(x) KEYTO(K) RECORD INPUT SEQUENAL

KEYED ENVIRONMENT (Fixed(i))

READ FILE(f) INTO(X) KEY(K) RECORD INPUT DIRECT EYED
ENVIRONMENT(Fixed(i))
RECORD UPDATE DIRECT KEYED
ENVIRONMENT(Fixed(i))

WRITE FILE(f) FROM(v) STREAM OUTPUT

WRITE FILE(f) FROM(x) RECORD OUTPUT SEQUENTIAL

WRITE FILE(f) FROM(x) KEYFROM(k) RECORD OUTPUT DIRET KEYED
ENVIRONMENT(Fixed(i))

RECORD UPDATE DIRECT KEYED
ENVIRONMENT (Fixed(i))
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Table 10-4 summarizes the valid attributes thatteassociated

with any file either through an explicit OPEN staent, or

implicitly by an 1/0 access statement.

Table 10-4. PL/I Valid File Attributes

Type F Attribute

STREAM INPUT ENVIRONMENT TITLE

STREAM OUTPUT ENVIRONMENT TITLE LINESIZE
STREAM PRINT ENVIRONMENT TITLE LINESIZE PAGESIZE
RECORD INPUT SEQUENTIAL ENVIRONMENT TITLE

RECORD OUTPUT SEQUENTIAL ENVIRONMENT TITLE
RECORD INPUT SEQUENTIAL KEYED ENVIRONMENT TITLE
RECORD OUTPUT SEQUENTIAL KEYED ENVIRONMENT TITLE
RECORD INPUT DIRECT KEYED ENVIRONMENT TITLE
RECORD OUTPUT DIRECT KEYED ENVIRONMENT TITLE
RECORD UPDATE DIRECT KEYED ENVIRONMENT TITLE

Note: once established, the set of attributes apglhly to the
current opening of the file. You can close the &itel reopen it
with a different set of attributes.

The following are some examples of the OPEN staittnhe each
case, there is a source statement with the defadlaugmented
attributes shown after the statement. Each filssgimed to be
declared as a file constant.

Statement: open file(fl);

Attributes: STREAM INPUT ENVIRONMENT (Locked, Buff(19)
TITLE(f.DAT') LINESIZE(80)
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Statement: open file(f2) print env(r);
Attributes: STREAM OUTPUT PRINT ENVIRONMENT (ReadgrBuff(128))
TITLE(If2.DAT") LINESIZE(80) PAGESIZE(60)
Statement: open file(f3) sequential
titte('new.fil;John");
Attributes: RECORD INPUT SEQUENTIAL

ENVIRONMENT (Locked,Password(Read),Buff(128))
TITLE('new:.fil;john")

Statement: open title(a:' || ) file(f4)
direct keyed env(s,f(2000));
Attributes: RECORD DIRECT INPUT KEYED
ENVIRONMENT (Shared,Fixed(2048),Buff(2048))
TITLE(a:" || ¢)
Statement: open update keyed file(f5)
env(locked,f(300),b(100));
Attributes: RECORD DIRECT UPDATE KEYED

ENVIRONMENT (Locked,Fixed(384),Buff(128))
TITLE (f5.DATI)

Statement: open file(f6) input direct
title('d:accounts.new;topaz’)
env(shared,p(d),f(100),b(2000));
Attributes: RECORD DIRECT INPUT KEYED
ENVIRONMENT (Shared,Password(Delete),Fixed(128)f@048))
TITLE('d:accounts.new;topaz’)

In each of the preceding examples, PL/I allowsgatexpressions
wherever a constant appears. Thus, the statement:

open file(fl) linesize(k+3) pagesize(n-4) env(b(28));

is a valid OPEN statement.

10.3 The CLOSE Statement

The CLOSE statement disassociates the file fronextternal data
set, clears and frees the internal buffers and geemtly records
the output files on the disk. The CLOSE statemastthe form:

CLOSE FILE(file-id);

10-8



PL/I Reference Manual 10.3 The CLOSE Statement

where file-id is a file reference. You can subseniyereopen the
file using the OPEN statement previously descrilbitthe file is
not open, PL/I ignores the CLOSE statement.

10.4 TheFile Parameter Block

PL/I associates every file constant with a FileaP@eter Block
(FPB). A FPB is a statically allocated segmenmefmory containing
information about the file. A file variable has corresponding

FPB until you assign it a file constant. Each FPBtains the
following information:

. the file title naming the external device or ds¢h
associated with the file

. the column position that the run-time system rzains to
locate the next position to get or put data iIMT&BAM file

. current line count in STREAM OUTPUT files

. current page count for PRINT files

. current record position

. line size

. page size

0 fixed record size

. internal buffer size

. File Descriptor containing one of the valid seftfile

attributes as previously described

While the file is open, the run-time system maimszan entry in a
data structure called the Open List, which is a@ted from the
free storage area. Also, while the file is opep, FPB contains a
pointer to the address of the operating systemCaletrol Block
(FCB).
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10.5 1/0O Conditions

During 1/O processing, the run-time system canaligaveral
conditions relating to the access of a particular The
conditions are

ENDFILE(file-reference)
UNDEFINEDFILE(file-reference)
KEY (file-reference)
ENDPAGE(file-reference)

where file reference is a file constant or a fibgiable that does
not yet have to be open.

10.5.1 The ENDFILE Condition

The run-time system signals the ENDFILE conditidmewever it reads
an end-of-file character, CTRL-Z, from a STREAMefibor it
encounters the physical end-of-file in a RECORB fieing processed
in SEQUENTIAL mode. A read operation on a DIRECIE fising a key
beyond the end-of-file also signals the ENDFILEditinn. Output
operations that exceed the disk storage capagiakthe

ERROR(14) condition.

10.5.2 The UNDEFINEDFILE Condition

The run-time system signals the UNDEFINEDFILE cdioti whenever a
program attempts to open a file for INPUT, andftleedoes not

exist on the specified disk. The run-time systeso gignals the
UNDEFINEDFILE condition if a program attempts toespa password
protected file without the correct password. Thetitne system

also signal this condition if the program atternptaccess a

physical 1/0 device as a KEYED or UPDATE file.

10.5.3 TheKEY Condition

The run-time system signals the KEY condition whgrogram uses an
invalid key value during an 1/O operation.
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10.5.4 The ENDPAGE Condition

The run-time system signals the ENDPAGE conditmmHRINT files
when the value of the current line reaches the PAIGE for the
specified file. The current line always beginsexioz and the
run-time system increases it by one for each leesifthat is sent

to the file. If the file is initially opened withAGESIZE (0) , then
the run-time system never signals the ENDPAGE damdiThe run
time system resets the current line to one whenever

. a form-feed is sent to the output file
. a PUT statement with a PAGE option is executed
. the default system action for ENDPAGE is perfedn

If the run-time system signals the ENDPAGE conditituring
execution of a SKIP option, the SKIP processingsend

If an ON-unit intercepts the ENDPAGE condition, bloes not execute
a PUT statement with the PAGE option, then theerrline is not
reset to one. That is, until the program executesla statement

with the PAGE option, the run-time system continteegicrement the
current line, and does not signal the ENDPAGE dioli The

current line counts up to 32767 and then beginmaydl.

10.5.5 Default /O ON-units

If an ON-unit receives control for the ENDFILE, URBBINEDFILE, or
KEY conditions and returns to the point where tigmal occurred,

the run-time system terminates the current 1/O af@m, and passes
control to the statement following the 1/O stateirtbat signaled

the condition.

If there is no ON-unit enabled for the ENDFILE, UNBINEDFILE, or
KEY condition, the default system action ends thegpam and
outputs an appropriate error message.

If there is no ENDPAGE ON-unit enabled, the defayktem action
performs a PUT PAGE on the output file, and corgsprocessing.

10.6 1/0O Condition BIFs

PL/I has several built-in functions which are us@fiu/O
handling. They are

0 ONFILE
0 ONKEY
* PAGENO
* LINENO
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10.6.1 The ONFILE Function

The ONFILE function returns a character string eabfi the internal
filename involved in the last I/O operation thajreiled a
condition. With a conversion error, the ONFILE ftino produces
the name of the file that is active at the timea Hignaled

condition does not involve a file, then ONFILE netsia null

string. The following code sequence illustratesuse of ONFILE.

on error(l)

Fbegin;

put list('Bad Data in file:',onfile());
goto retry;

end;

retry:

10.6.2 The ONKEY Function

The ONKEY function returns the value of the keydlwed in the 1/0
operation that signaled the KEY condition. ONKEWadid only in
the ON-body of the activated ON-unit. The followiogde sequence
illustrates the use of ONKEY.

on key(newfile)
put skip list('bad key',onkey());

10.6.3 The PAGENO Function

The PAGENO function returns the current page nurnfitirethe PRINT
file named as the parameter. When the ENDPAGE tionds signaled
as the result of a PUT statement, the line nungené greater

than the page size for the file.

10.6.4 The LINENO Function

The LINENO function returns the current line numb@rthe PRINT
file named as the parameter. When the ENDPAGE tionds signaled
as the result of a PUT statement, the line nuntené greater

than the page size for the file.

10.7 Predefined Files SYSIN and SYSPRINT

PL/I contains two predefined file constants calBdSIN and
SYSPRINT. You do not have to declare these filestamts unless
you make an explicit file reference to them with@GREN, GET, PUT,
READ, or WRITE statement.
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Otherwise, PL/l opens SYSIN with the default atitds:

STREAM INPUT ENVIRONMENT (Locked,Buff(128)) TITLE($ON')
LINESIZE(80)

and SYSIN becomes the console keyboard.

Note: TITLE under IBM DOS is 'CON:".

PL/l opens SYSPRINT with the default attributes:

STREAM PRINT ENVIRONMENT (Locked,Buff(128)) TITLE(SON’)
LINESIZE(80) PAGESIZE(0)

and SYSPRINT becomes the console output display.

Note: TITLE under IBM DOS is 'CON:".

10.8 1/O Categories
PL/I supports two general categories of file access

o STREAM 1/O (sequential access only)
0 RECORD 1/0O (sequential or random access)

10.8.1 STREAM 1/O

A STREAM file is a sequence of ASCII characterssgibly containing
linemarks and pagemarks. When transmitting the idedeSTREAM
file to and from external devices, PL/I can forrtie data and
perform conversion to other data types. Sectiondritains

complete descriptions of the STREAM I/O statements.

10.8.2 RECORD I/0

In RECORD I/O, individual data items are calledawts, and they
vary in size according to the data declaration] Baés not

perform data conversion when transmitting datagutie RECORD 1/O
statements (see Section 12), but just transferstbmal
representation of the data item.

Note: different computers use different interngressentations
for PL/I data. Do not assume that you can intergedile between
two different computers.

End of Section 10
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Section 11
Stream |/O

PL/I supports three forms of STREAM 1/O:
LIST-directed; transfers data items without formspécifications.

EDIT-directed; allows formatted access to charadéta items
(see Section 11.3).

Line-directed; allows access to variable lengthratir data

in an unedited form. Note that PL/I provides line=dted

STREAM 1/O using READ and WRITE statements that roaynay not
be available in other implementations of PL/I.

The following rules apply to all STREAM 1/O:

The column position, line number, and page numbea ffile
are initially 1.

Each occurrence of a linemark or pagemark resetsdlumn
position to 1.

If the input or output character is a special cbia the
column position advances by one.

On output, if the column position exceeds the §ize, the
run-time system writes a linemark, increments ihe humber
by one, and resets the column position to one.

When the line number exceeds the page size, thBmeansystem
signals the ENDPAGE condition. If no ENDPAGE ON-uisi
enabled, the run-time system writes a pagemarkegiments the
page number, and resets the column position aachlimber to
one.
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The naming conventions in Table 11-1 appear througthis section
when describing the various STREAM I/O statements.

Table 11-1. Stream I/O Naming Conventions
Name _T Meaning
file-id The file identifier.
] A FIXED BINARY expression that defines the

number of linemarks to skip on input, or the
number of linemarks to write preceding the data
item on output.

input-list A list of variables separated by commtas,
which PL/I transmits the data items from the
input stream. The input-list determines the
number and order of the variables assigned by
the input data in the stream. In PL/I, the
variables must be scalar values. You can
include iterative DO-groups in the input-list

but they require an extra set of parentheses.
The DO header format is the same as the DO
statement except that the REPEAT clause is not
allowed. The general format is (item

1,...,item-n DO iteration). For example, the
following are equivalent:

do i=1to 10;
put list(A(i));
end;
put list((A(i) do i = 1 to 10));

output-list A list of output items consisting ofregiants,
variables, or expressions separated by commas.

The output-list can also include iterative DO

groups.

11.1 LIST-directed I/O

The following constraints apply to the input strefomlist
directed 1/0O:

. Data items in the stream can be arithmetic cotsta
character-string constants, or bit-string constants

. Each data item must be followed by a separatbiclwconsists
of a series of blanks, a comma optionally surrodrgeblanks,
or an end-of-line character.
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. PL/I treats an embedded tab character (CTRL-§ b&nk.

. Character string data that actually contain bsamkcommas
must be enclosed in apostrophes. Otherwise, Ridtgrthe
blanks or commas as separators.

. A comma as the first, nonblank character in tipait line, or
two consecutive commas optionally separated byoomaore

blanks indicate a null field in the input streanheTnull

field indicates that no data is to be transmittethe

associated data item in an input-list. Thus, tHaevaf the

target data item remains unchanged.

11.1.1 The GET LIST Statement

The GET LIST statement reads data using list-daSTREAM 1/O.
The GET LIST statement has the form:

GET [FILE(file-id)] [SKIP [(n1)]] LIST(input-list);

You can specify the options FILE or SKIP in anyemd IST must
appear last. If you do not specify the FILE optiBh/l assumes

FILE (SYSIN) . In a GET statement with the SKIPiopt the run-time
system ignores nl linemarks. If you do not spenifywith the SKIP
option, then nl defaults to 1, and the run-timeesysignores 1
linemark.

After transmission of all data items to the varégbhamed in the
input-list, the column position in the input stree@mains at the
character following the last data item read.

You can optionally enclose character strings initipait stream in
apostrophes. If you do so, the run-time system doesransmit
the enclosing apostrophes to the input variables\wise, for bit
string constants, the run-time system does nostnérthe
enclosing apostrophes and the trailing B to thetimariable.

PL/I limits input strings to one line. Thus, strimgut from the
console only requires the leading apostrophe whestring ends
with a carriage return.

11.1.2 The PUT LIST Statement

The PUT LIST statement writes data using list-dedcSTREAM 1/O.
The PUT LIST statement has the form:

PUT [FILE(file-id)] [SKIP[(nl)]] [PAGE] LIST (outputlist);

You can specify the options FILE, SKIP, or PAGEmy order; LIST
must appear last. If you do not specify the FILEap PL/I
assumes FILE(SYSPRINT).
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If you do not specify nl with the SKIP option, thehdefaults to
1. If nl = 0, the run-time system does not writinamark but
resets the column position to 1. In either caseguie SKIP
option, the run-time system resets the column jpostb 1.

The PAGE option is valid only for PRINT files. Wrearer the run
time system writes a pagemark, both the columntiposand line
number are reset to 1.

When writing data items to a STREAM file, PL/I camts the items in
the output-list to their character-string repreagah. The run

time system uses blanks to separate the data autpaet line. If

the data item is longer than the number of charabédt on the

output line, the run-time system writes the iterthatbeginning of
the next line. If the length of the character gtniapresentation

of the data item exceeds the line size, the rue-8gstem writes

the data item by itself on a single line that edepast the line

size.

If the output transmission exceeds the page sizi sRynals the
ENDPAGE condition.

PL/I usually writes character strings enclosedposdrophes. Each
embedded apostrophe is written as a pair of agusts ' ' .
However, if the file has the PRINT attribute, thuglaional
apostrophes are omitted. PL/I always writes bingtdata
enclosed within apostrophes followed by the Ie&er

11.2 Line-directed |/O

PL/I supports two forms of the READ and WRITE staéat for
processing variable-length ASCII records in a STRE#e. The two
forms, called READ Varying and WRITE Varying, aretmsually
available in other implementations. PL/I progratnswdd avoid
using these statements if compatibility is impottan

11.2.1 The READ Varying Statement

The READ Varying statement reads variable lengtREAM INPUT files.
The READ Varying statement has the form:

READ [FILE(file-id)] INTO(v);

where v is a CHARACTER VARYING string variable.yibu do not
specify the FILE option, PL/I assumes FILE(SYSIN).

READ Varying reads data from the input file untiréaches the
maximum length of v, or it reads a line-feed chesadREAD
Varying sets the length of v to the number of cbtmes read,
including the line-feed character.
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Note: if you do not explicitly OPEN the file, theERD Varying
statement causes an implicit OPEN with the filetaites STREAM
and INPUT.

Given the declaration:

declare
F file,
1 buffer,
2 buffch character(254) varying;

the statement:
read file(F) into(buffer);

produces RECORD data transmission because thd tarm@structure,
not a CHARACTER VARYING variable. However, PL/I axprets the
statement:

read file(F) into(buffch);

as ASCIlI STREAM INPUT data transmission becausddhget variable
is CHARACTER VARYING.

The READ Varying statement is differentiated fradm READ statement
only by the fact that the target variable has thtébates,
CHARACTER VARYING.

11.2.2 The WRITE Varying Statement

The WRITE Varying statement writes variable leng®Cll STREAM
data. The WRITE Varying statement has the form:

WRITE [FILE(file-id)] FROM(v):

where v is a CHARACTER VARYING string variable.yibu do not
specify the file option, PL/I assumes file (SYSPR)N

PL/I adds no additional control characters to thpot string. If
the application requires control characters, yostrimclude them
in the string. Recall that PL/I allows embeddedtaarcharacters
as a part of string constants, denoted by a pregedin the
string.

Note: if you do not explicitly OPEN the file, theRVTE Varying
statement causes an implicit OPEN with the filélaites STREAM
and OUTPUT.

For example, given the previous declaration, Pitériprets the
statement:

write file(F) from(buffer);

as RECORD data transmission. PL/I interprets

write file(F) from(buffch);
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as a WRITE Varying statement, operating on an ASTIREAM OUTPUT
file, because the source variable is CHARACTER VAR®.

The WRITE Varying statement differs from the WRIStatement only by
the fact that the source variable has the attrify @¢IARACTER
VARYING.

11.3 EDIT-directed 1/0O

The input-list and the output-list for EDIT-diredt&O are

analogous to those for LIST-directed 1/0. HoweD| T-directed

I/O uses a format list to specify how PL/I readd amites the

data.

11.3.1 TheFormat List

The format-list is a list of format items, sepadaby commas.
There are three types of format items:

. Data format items which describe the data itesrtset read.

. Control format items which specify the placemeithe data
items in the stream.

. Remote format items which reference another foiimta
The format-list has the form:

[n] fmt-item ... [,[n] fmt-item]

where n is an integer constant value in the ranige2b4 giving
the repetition factor of the following fmt-item. dimitted, PL/I
assumes a repetition factor of one. The fmt-itemitiser a data
format item or a control format item.

An fmt-item can also be a remote format item. IflPhowever, a
remote format item must be the only format in ikg And cannot
be preceded by a repetition factor.

11.3.2 Data Format lItems

Data format items read or write numeric or chanafi¢éds to or
from an external STREAM data set. PL/I supportsfttiewing data

format items:
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The A[(w)] Format

This format reads or writes w characters of charastring data.

With GET EDIT, you must include w to be compatiklith full PL/I.
However, PL/I allows you to omit w with GET EDITpn@the A format
reads the remainder of the current line up topotincluding the
carriage return line-feed.

Input Value Format Input Result
byte A(6)  'byte'
Napoleon A(10) 'Napoleon’
string A 'string’

With PUT EDIT, if you omit w, then the A format asses w to be the
length of the output string. If w is greater thaa butput string

length, then the A format adds blanks on the rifht. is less

than the output string length, the A format truesahe string in

the rightmost positions.

Value Format Output Result
abcdef A(6) abcdef
abcdef A(3) abc
A(4) 1312(bw

The B[nl[(w)] For mat

This format reads or writes bit-string data. WitBTGEDIT, you
must include w. n gives the number of bits to beduer each
digit. If you omit n, the default is 1, so B is éeplent to Bl

and only 0 and 1 can be in the input stream; otiser®L/| signals
the ERROR(I) condition. The valid digits for eacklue of n are
the following:

n valid digits
1 0,1
2 0,1,2,3,
3 0,1,2,3,4,5,6,7
4 0,1,2,3,4,5,6,7,8,9,AB,C,D,E,F
Input Value Format Input Result
00101 B(5) '00101'B
22 B2(2) '1010'B
7C4 B4(3) '011111000100'B
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With PUT EDIT, the B format first converts the \afle to a bit
string type, and then converts it to its charasteng
representation. If you do not include w, the B fatrutputs the
resulting character string. If you include w angitonger than
the character string, then the B format pads thiegstwith
blanks, on the right. If the resulting characteingtis longer
than w, the run-time system signals the ERROR (tidat@n.

Value Format Output Result

100B B 00
1B B(4) 0001
'011101'B B3(2) 35

The E(w[,d]) Format

This format reads and writes floating-point datath/GET EDIT,

the E format converts the input characters to FLABAVARY values.
w is the field width and d is the number of digiigthe right of

the decimal point.

Input Value Format Input Result
bb]zfb( E(4) 0
2.9E7 E(5,3) .29E+8
345678 E(6,2) .345678E+4

With PUT EDIT, the E format converts the data itenFLOAT BINARY
and represents it in scientific notation. w musabkeast 7 more

than d, because the output field appears as +nEdickek, where +
represents sign positions, n is the leading digitid represents

the fractional part of length d, and E+eee reprssthie exponent

field.

Value Format Output Result

0 E(11,3) VO0.000E+000
4.7E-10 E(11,3) W4.700E-010
-30 E(15) W-3.000000E+001

The F(w[,d]) For mat

This format reads and writes fixed-point arithmeléta. w is the
width, the number of characters in the field, arid the number of
characters to the right of the decimal point.

With GET EDIT, the F format reads as many characsrspecified by

W. If the character string contains a decimal pdimn the
decimal point determines the scale factor. Othewdsdetermines
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the scale factor. The F format ignores leadingtaaiting blanks.
If the field contains only blank characters, thiofnat reads the
value zero.

Input Value Format Input Result

IM2fO b16 F(5) 0

12f- 6 lzr F(4) -6
13.09 F(5) 14

With PUT EDIT, the F format converts the data itenkIXED DECIMAL,
and then uses d to specify the scale factor obtitput value. If

d is omitted, the scale factor is zero. The F fdrmmoands the

output value unless the variable has precisiomhB.F format
suppresses leading zeros except for one immediate¢he left of

the decimal point.

Value Format Output Result
0 F(5,1) bb0.0
-27 F(5,1) -27.0
.39 F(6,2) bb0.39

11.3.3 Control Format Items

Control format items are used for line, page, grate placement.
PL/I processes control format items as they are@mered in the
format-list, and ignores any items that remainrafie input-list

or output-list is exhausted. PL/I supports thedieihg control
format items.

COLUMN(nc)

This item moves the format pointer to column nthi@ input or

output data stream. With GET EDIT, COLUMN ignorbege characters
passed over by positioning the format pointer tommm nc. If the

current column position is less than nc, the forpmbter moves to
column position nc. If the current column positisrgreater than

nc, the pointer first moves to the next line, amehtmoves to the

new column position nc. If nc exceeds the rightnpastition on the

line, the format pointer moves to the first coluafrthe new line.

With GET EDIT, movement of the format pointer digtsinput
characters.

With PUT EDIT, COLUMN writes blanks in the procesfspositioning to
column nc. Also, if the current position is gredtean nc, the

run-time system outputs a linemark, then outpuaskd until it

reaches column nc of the new line. If nc exceetsdize, the

run-time system writes a linemark and sets theroolposition to 1.
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LINE(In)

This item applies only to PRINT files and specifies line number
of the next data item to be written. The constamhust be

greater than zero. If the current line number isaétp In,

LINE(In) has no effect. If the current line numhgtess than In,
then the run-time system outputs linemarks unéldbrrent line
number equals In. PL/I signals the ENDPAGE conditfesufficient
linemarks are issued to exceed the current page siz

PAGE

This item is used only with PRINT files and it casghe run-time
system to write a pagemark, increment the page auimpone, and
set the line number and column position to 1.

SKIP[(nl)]

This item specifies the number of linemarks (nip&skipped or
written. If omitted, n1 defaults to 1. The run-tigsgstem sets
the column position to 1.

With GET EDIT, nl is the number of linemarks tokiefore moving
to the next format item. The run-time system didsahe first

line, if the program executes a SKIP(l) as the fosmat item
immediately following an explicit or implicit OPEBperation.
SKIP(0) is undefined for input streams.

With PUT EDIT, nl is the number of linemarks toWwatten. If the
page size is exceeded in the process of writirgniarks in a PRINT
file, the run-time system signals the ENDPAGE ctindiand, upon
return from the ON-unit, stops processing the SepRration.

X(sp)

This item advances the format pointer sp positiorike input or
output data stream. With GET EDIT, sp is the nundferharacters
to be advanced. The run-time system ignores linksmand
continues the operation on the next line. With FRIOIT, sp is the
number of blanks to be written. If the end of time lis reached,
the run-time system writes a linemark, and the lbfdhoperation
continues on the next line.

11.3.4 Remote Format Items

The remote format item uses the format-list of &RIMAT statement in
place of the format item. The remote format iters tie form:

R(for mat-label)
where the format-label is the label constant priemed FORMAT
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put edit(a,b,c) (r(elsewhere));
11.3.5 The FORMAT Statement

The FORMAT statement defines a remote format itemd, has the
general form:

format-label: FORM AT (format-list);

where the format-label is the label constant cpaading to the
FORMAT, and the format-list is a list of formatnts analogous to
those described in the previous section. For exantipt FORMAT
statement:

LI: format(a(5), f(6,2),skip(3),a(2));
is referenced as a remote format by the statement:

get edit (a,b,c) (r(LI));

11.3.6 The Picture Format Item

The picture data format item is used on outputio reumeric data
in fixed-point decimal form. The value resultingfin such an edit
is a character string whose form is determinechyrtumeric value
and the Picture specification in the picture foritem.

The following is the form of a Picture format item:

P'picspec’

where picspec is a character-string constant desgrthe Picture
specification.

The Picture format item can appear in a PUT EDéfeshent like any
other data format item.

Picture Syntax
The character-string constant that describes ttteifei

specification must consist of one or more spediaracters as
shown in Table 11-2.
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Table 11-2. Picture Format Characters

Character Purpose
$+S static or drifting characters
*Z conditional digit characters
9 digit character
V decimal point position character

/,:B insertion characters
CR DB credit and debit characters

These characters must satisfy certain rules ofgymsertion
characters can occur anywhere in a valid Pictueeifipation, with
the exception that they must not separate the cteasaof either
Picture character pair, CR and DB.

If all insertion characters of a Picture specifizatare removed,

the resulting string must be acceptable to the etamdhinistic,
finite-state machine recognizer illustrated in Fegtl1-1. That

is, it must be possible beginning with the START@ado trace

through this diagram to ACCEPT, where transitiocr®ss an edge are
allowed if the edge is unlabeled, or if the edgeli®led by the

next character in the Picture specification.

The following character string constants defined/Rlicture
specifications:

'‘BB$***,***\/ . 99BB"'
'$----,999V.99BCR'

99: 99: 99
I:BBB$SSSS,SSS.VSSBBB!|
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Figure 11-1. Picture Specification Recognizer
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Picture Semantics

The types of Picture characters appearing in theigation
determine how a Picture specification edits a nicnexue into a
character-string value.

In the Picture specification, certain charactersuo@s either
static or drifting characters. These characters are

dollar sign
plus sign
minus sign
upper-case S

Such a character is static if it appears only andke Picture
specification; otherwise, it is drifting. If it drifting, all

its occurrences except for one correspond to ciomdit digit
positions.

In either case, these Picture characters, togetfitiethe sign of
the numeric value, determine an output charactgrdbcupies one
position in the output. These output charactershosvn in Table
11-3.

Table 11-3. Picture Output Characters

Sign Static/Drifting Characters

S+$
POS ++'b'$
neg b'$

If the Picture character is static, the output abter appears in
the corresponding position of the output.

If the Picture character is drifting, then the autpharacter
appears exactly one position to the left of thst fironzero digit
over which the Picture character drifts, or in g position

over which it drifts. All other occurrences of tlefting

character are replaced by spaces, correspondihg uppression
of a zero digit in the numeric value.

The * and Z Characters

The characters * and Z are called conditional digiture
characters or zero suppression characters. Eablhchacacter in
the Picture specification is associated with atdigthe numeric
value.
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If the digit is a zero, the output character isram a blank. If
the digit is nonzero, the output is the digit clutea

The B, /, ., ;, and , Characters

The Picture characters B, /, ." :, and , are caiisdrtion
characters. B is the space insertion character: Eheot an
insertion character defined in the ANSI Standard,i®added in
PL/I to display numeric data that represents time.

PL/I outputs insertion characters in the correspandutput
position, unless the insertion character occutkerfield of a
drifting character, or zero suppression charatténe insertion
character occurs in the field of a drifting or zetgppression
character that causes the suppression of numgjits,cdhen PL/I
suppresses the insertion character following tleequing rules.

Note: in some PL/I implementations, B is an unctiodal
insertion character that always causes a spate ioarresponding
position of the output. According to the ANSI Stard] such a
space in the output can be overwritten by a ddfttharacter or,

*, the zero suppression character.

The 9 Character

The Picture character 9 specifies that the corredipg digit in
the numeric value occurs in the corresponding jposdf the
output. Thus, 9 is an unconditional digit position.

The V character

The V character establishes the correspondencesbatdigits in the
numeric value and the numeric digit positions i Bicture
specification. This character only specifies theifian where
integral digits end and fractional digits beginughthe V

character specifies the alignment of the Pictusziigation to

the numeric value.

If you omit the V character, PL/I assumes thattadl digit
positions implied by the Picture specification rdfeintegral
digit positions. Any fractional digits in the nuneevalue do not
appear in the result.

Note: the V Picture character is the only charatttar does not
correspond to a character position in the restitisT the length
of the resulting string equals the length of thetire
specification if V is omitted, but is one charadtss if V
appears.
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The V character also affects the suppression abchers. PL/I
never suppresses fractional digits unless it siggeeall of the
digits.

Beyond the V character PL/I turns OFF suppresdidgnd ON. As a
result, PL/I does not suppress any insertion claraccurring
beyond the V Picture character, such as a decioiat,punless it
suppresses everything.

The CR and DB Characters

The character pairs CR and DB, represent creditabi. They act
as sign characters. If either of them appear irPibture
specification, and if the sign of the numeric vakieegative,

then the specified pair occurs in the result. & tlumeric value

is positive, then the positions corresponding &séhcharacter
pairs are replaced by two spaces.

Default Rules

If the numeric value is zero and if the Picturecsfi@ation does
not contain a 9 Picture character, then the regutiutput is all
*s if the Picture character * occurs at all. Othisey the output
is all spaces. This rule takes precedence oventtier rules.

If the sign of the numeric value is negative, drttié Picture
specification does not contain any of the charac%CR, or
DB, then PL/I signals a conversion error, ERROR(]).

Each Picture specification implies a precision acale factor for
the numeric value in the result according to tH¥dng rules:

. Insertion characters and the character pairs@RD8B have no
effect on precision and scale factor.

. The precision of the result equals one less thamumber of
static/drifting characters; or the number of zeuppression
characters, plus the number of 9 characters.

. The scale factor of the result is zero if no \Curs.

. If V occurs, the scale factor of the result equak number
of drifting characters, the number of zero supgioes
characters, or the number of 9 characters ocauafier the V
character.

The examples shown in Tables 11-4 and 11-5 ilitestsame of the
rules involving the use of Picture data format isem
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Table 11-4. Picture Edited Output

Value | picspec | Output Result
0. 00 BB$***, ***\/. 99BB I 0[O
0.01 BB$***, ***\/. 99BB $rrxFxxE
0.25 BB$***, ***\, Q9BB $rrxxkx*x D5
1.50 BB$***, ***\/. 99BB $rxx*xx1 50
12. 34 BB$***, ***\/, 99BB $r****12.34
123. 45 BB$***, ***\, 99BB $****123. 45
1234. 56 BB$***, ***\/. 99BB $**1, 234. 56
12345. 67 BB$***, ***\, 9OBB $*12, 345. 67
123456. 78 BB$***, ***\V, 99BB $123, 456. 78
0. 00 $$$$$BISBV. 99 $. 00
0.01 $$$BISSV. 99 $.01
0.25 $$$$$BISSV. 99 $. 25
1.50 $$$$$BISBV. 99 $1.50
12. 34 $EPSEBISSV. 99 $12.34
123. 45 $$$$$BISSV. 99 $123. 45
1234. 56 $$$$$BISSV. 99 $1 234.56
12345. 67 $EPSEBISSV. 99 $12 345. 67
123456. 78 $$$$$BISSV. 99 1$123 456. 78
0.00 99/ 99/ 99 00/ 00/ 00
0.01 99/ 99/ 99 00/ 00/ 00
0.25 99/ 99/ 99 00/ 00/ 00
1.50 99/ 99/ 99 00/ 00/ 02
12. 34 99/ 99/ 99 00/ 00/ 12
123. 45 99/ 99/ 99 00/ 01/ 23
1234. 56 99/ 99/ 99 00/ 12/ 35
12345. 67 99/ 99/ 99 01/ 23/ 46
123456. 78 99/ 99/ 99 12/ 34/ 57
OOO **:**:** *kkkkkkk*k
001 **:**:** *kkkkkkk*k
025 **:**:** * %k %k %k % k% % %
150 **:**:** *******2
1234 **:**:** ******12
123. 45 Frokx KX *xxx1:23
1234. 56 Khookk k% *xx12:35
12345. 67 Khookk k% *1:23: 46
123456. 78 Frokx KX 12: 34: 57
0. 00 [ ++++, +++. V++/
0.01 [ ++++, +++, V++/ / +01/
0.25 [ ++++, +++. V++/ / +25/
1.50 [ ++++, +++. V++/ / +1. 50/
12. 34 [ ++++, +++, V++/ / +12. 34/
123. 45 [ ++++, +++. V++/ / +123. 45/
1234. 56 [ ++++, +++. V++/ | +1,234.56/
12345. 67 [ ++++, +++, V++/ /[ +12, 345. 67/
123456. 78 [ ++++, +++. V++/ /| +123, 456. 78/
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Table 11-5. Picture Edited Output

Value | picspec | Output Result

OOO S***B***.\/k* *kkkkkikhkkkk*k
_001 S***B***.\fk* kkkkkkhkkkk%x

025 S***B***.\/k* +********25
_150 S***B***.\/k* _******1. 50
12. 34 SR = R Vil +rr*R**12.34

-123. 45 S =~ R Vi -*¥**x123. 45
1234. 56 Sl = S Vi +**| 234.56
-12345. 67 SR = R Vil -*12 345. 67
123456. 78 Sl = S Vi +123 456.78

0. 00 $SSSSBSSSV. SS
-0.01 $SSSSBSSSV. SS $ -.01

0. 25 $SSSSBSSSV. SS $ +. 25
-1.50 $SSSSBSSSV. SS $ -1.50
12. 34 $SSSSBSSSV. SS $ +12. 34

-123. 45 $SSSSBSSSV. SS $ -123. 45
1234. 56 $SSSSBSSSV. SS $ +1 234.56
-12345. 67 $SSSSBSSSV. SS $ -12 345.67
123456. 78 $SSSSBSSSV. SS $+123. 456. 78

OOO ***.***S *kkkkkk*%x
_001 ***.***S *kkkkkk _

025 ***.***S *******+
_150 ***.***S ******2_
1234 ***.***S *****12+

-123. 45 KERx xkEXG FHEx*]123-
1234. 56 KRE KEXG **1. 235+
-12345. 67 KRE KEXG *12. 346-
123456. 78 FERx xkEXG 123. 457+

OOO $***,***\/**CR kkkkkkikhkkkkk*k
_001 $***,***\/~k*CR $*******O]_CR

025 $***,***\/**CR $*******25
_150 $***,***\/**CR $******150CR
1234 $***,***\/~k*CR $*****1234

-123. 45 $rxx HEE\AXCR $r***12345CR
1234. 56 $rxx HEE\AXCR $**1, 23456
-12345. 67 $rxx xFEF\EECR $*12, 34567CR

123456. 78 $rxx HEE\AXCR $123, 45678

0. 00 [ ++++, +++. V++/

-0.01 [ ++++, +++. V++/ / ol/

0. 25 [ ++++, +++. V++/ / +25/
-1.50 [ ++++, +++. V4] / 1.50/
12. 34 [ ++++, +++. V++/ / +12. 34/

-123. 45 [ ++++, +++. V++/ / 123. 45/
1234. 56 [ ++++, +++. V++/ [ +1,234.56/
-12345. 67 [ ++++, +++. V++/ /12, 345.67/
123456. 78 [ ++++, +++. V++/ / +123, 456. 78/
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11.3.7 The GET EDIT Statement

The GET EDIT statement reads data using a forreatdhe GET EDIT
statement has the form:

GET [FILE(file-id)] [SKIP[(n])]]
EDIT (input-list)(format-list);

You can specify the options FILE or SKIP, in anger. EDIT must
appear last. If you do not specify the FILE optiBh/l assumes
file(SYSIN).

The GET EDIT statement reads data items from thatistream into
the variables given in the input-list until the intgist is

exhausted or the end-of-file is reached. The GETTEDatement
pairs each input-list item with the next sequerfoamat-list

item, applying control format items as they arecemtered in the
process. If the GET EDIT statement exhausts thetiligt before
the end of the format-list, remaining format iteams ignored. If

the GET EDIT statement exhausts the format-lisbteethe end of
the input-list, the format-list is reprocessed frtira beginning

11.3.8 The PUT EDIT Statement

The PUT EDIT statement writes output data itemsmeting to a
format list. The PUT EDIT statement has the form:

PUT [FILE(file-id)] [SKIP[(n])Il [PAGE]
EDIT (output-list)(format-list);

You can specify the options, FILE, SKIP, or PAGEany order.
EDIT must appear last. If you do not specify theE-bption, PL/I
assumes the file(SYSPRINT).

The PUT EDIT statement pairs output expressions fitee output list
with format items from the format-list. The PUT ED$tatement also
applies any control format items encountered dutfiig process.

The PUT EDIT statement ignores unprocessed forteats at the end
of the statement. If the PUT EDIT statement encensnthe end of
the output-list during processing, the format destarts from the
beginning.

End of Section 11
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Record 1/0O

Record files contain binary data that PL/I transrtat or from an
external device without conversion. There are twl& of RECORD
files:

. SEQUENTIAL, where PL/I accesses the records irptiger they
appear in the file.

. DIRECT, where PL/l randomly accesses the recdnsigh keys.

In the following discussion of RECORD 1/O statengifiile-id is a
file variable or file constant; x is a scalar, onoected

aggregate data type that does not have the at#altiHARACTER
VARYING, and k is a FIXED BINARY key value or vahie.

12.1 The READ Statement

The READ statement reads fixed or variable lend8CRRD files. The
READ statement has the form:

READ FILE(file-id) INTO(X);

If you do not use the OPEN statement to open tbgtfie READ
statement performs an implicit OPEN with the atttds RECORD,
SEQUENTIAL, and INPUT.

The READ statement reads the number of bytes datechby the
length of x. If you open the file with the ENVIRONBINT option
specifying the size of the fixed-length record, RIeAD statement
reads the amount of data according to the declaeatd size. If
the length of x does not match the declared resize the READ
statement either pads x with zero-bits or truncites the right.

12.2 The READ with KEY Statement

The READ statement with the KEY option directly asses individual
records in a file. The READ with KEY statement lfas form:

READ FILE(file-id) INTO(x) KEY (K);

where k is a FIXED BINARY expression that definke telative
record to access. Key values start at zero, antincenuntil the

key value multiplied by the fixed-record lengthekas the capacity
of the disk.

If you do not use the OPEN statement to open thetfie READ with
KEY statement performs an implicit OPEN with th&iatites RECORD,
INPUT, DIRECT, and KEYED. PL/I does not allow th&RD with KEY
statement to access variable length records.
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12.3 The READ with KEYTO Statement

The READ statement with the KEYTO option extracty kalues from an

input file during sequential access. The programszve the key

values in memory or in another file, and subseduerform direct

access on the records of the input file using thevalues.

The READ with KEYTO statement has the form:

READ FILE(file-id) INTO(x) KEYTO(K);

where k is a FIXED BINARY variable assigned to tkéative record
number of the record being read.

If you do not use the OPEN statement to open thgetfie READ with
KEYTO statement performs an implicit OPEN with #it&ributes
RECORD, INPUT, SEQUENTIAL, and KEYED.

12.4 The WRITE Statement

The WRITE statement writes data from memory toekternal data set
without conversion. The WRITE statement has thenfor

WRITE FILE(file-id) FROM(X);

If you do not use the OPEN statement to open thetie WRITE
statement performs an implicit open with the atités RECORD,
OUTPUT, and SEQUENTIAL.

The output record size is exactly the length df you open the

file with the ENVIRONMENT option specifying the fd-length record
size, the WRITE statement writes the amount of dat®rding to the
declared record size. If the length of x does natcim the

declared record size, the WRITE statement eithds pawith zero

bits or truncates it on the right.

12.5 The WRITE with KEYFROM Statement

The WRITE with KEYFROM statement directly accesadie for
output. The WRITE with KEYFROM statement has therfo

WRITE FILE(file-id) FROM(x) KEYFROM(K);

where k denotes a FIXED BINARY expression yieldangey value that
PL/I treats like the READ with KEY option shown $ection 12.2.

If you do not use the OPEN statement to open tbethie WRITE

with KEYFROM statement performs an implicit OPENiwihe attributes
RECORD, DIRECT, OUTPUT, and KEYED.

End of Section 12
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Section 13
Built-in Functions

A built-in function (BIF) is a computational subtme provided as
part of the PL/I Run-time Subroutine Library (RS¥pu can use a
BIF reference as a user-defined function reference.

You do not have to declare the name of a BIF. Uf sedeclare the
name of a BIF in the program, you cannot referénae a BIF
within the scope of that declaration. However, gan use a BIF in
a contained block by redeclaring the name witheatitiéoute
BUILTIN.

PL/I built-in functions are divided into the follomg categories:

. Arithmetic . Conversion
. Mathematical . Condition Handling
. String Handling ¢ Miscellaneous

13.1 Arithmetic Functions

The arithmetic functions are

ABS FLOOR MOD TRUNC
CEIL MAX ROUND
DIVIDE MIN  SIGN

The arithmetic BIFs return information about thigiatites of
specified arithmetic values, and perform commotharétic
calculations.

13.2 Mathematical Functions

The mathematical functions are

ACOS COS LOG SIND TAND
ASIN COSD LOG2 SINH TANH

ATAN COSH LOG10 SQRT

ATAND EXP SIN TAN

The mathematical BIFs perform mathematical calgutatin floating
point arithmetic. The mathematical functions inaud

. the most commonly used trigonometric functions toir
inverses

. base 2, base e (natural) , and base 10 (comntmggrjthmic
functions
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. the natural exponent function

. hyperbolic sin and cos functions

. the square root function

Each of these functions accepts a single FLOAT BRYAargument and
returns a FLOAT BINARY result. The precision of ttesult depends
on the precision of the argument. If the argumsisingle

precision, the result is single-precision. If tmglanent is
double-precision, the result is double-precisiéthé argument

is an expression containing operands of differeatigions, PL/I

first performs conversion according to the ruledest in Section 4.2.

You can also specify a argument that is not FLOANARY, but PL/I
automatically converts it.

All of the function subroutines, with the exceptiohSQRT, use
algorithms based on the Chebyshev polynomial apmations. The
SQRT function subroutine is based on Newton's ntetho

Typically these algorithms scale the given argunirgiot a finite
interval, usually -1 <= X <=1, and then evaludte €hebyshev
approximation using an appropriate recurrenceioglaihe
greatest source of error in these routines refulis the
truncation of significant digits during the scalipgpcess. Except
for this, the subroutines have an average accuwfgysignificant
decimal digits for single-precision, 15 digits fimuble-precision.

13.3 String-handling Functions

The string-handling functions are

. BOOL

. COLLATE
. COPY

. INDEX

. LENGTH

. REVERSE
. SEARCH
. SUBSTR
. TRANSLATE
. TRIM

. VERIFY

The string-handling BIFs perform character-string &it-string
manipulation.
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13.4 Conversion Functions

The conversion functions are

. ASCII

. BINARY

. BIT

. CHARACTER
. DECIMAL

. FIXED

. FLOAT

. RANK

. UNSPEC

The conversion BIFs convert data from one typentutizer. PL/I
uses these functions internally to perform autoenatinversion.

13.5 Condition-handling Functions

The condition-handling functions are

. ONCODE
. ONFILE
. ONKEY

The condition-handling BIFs return information aboanditions
signaled by the run-time system. These functionsatdhave
parameters and return a value only when executad {@N-unit. The
ON-unit can be entered when the specified condison
programmatically signaled, or as the result ofraarrupt caused

by the occurrence of the specified condition.

13.6 Miscellaneous Functions

The miscellaneous BIFs are

. ADDR

. DATE

. DIMENSION
. HBOUND
. LBOUND
. LINENO
. LOCK

. NULL

. PAGENO
. TIME

. UNLOCK
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The miscellaneous BIFs return information aboutbasariables,
date and time, the current line number and pagebruof a file,
information about array dimensions, and provideathidity to lock
and unlock individual records within a file.

13.7 List of Built-in Functions

The following sections describe the specific fornpatrameter
attributes, purpose, and properties of each builtaction.

ABS

Category:
Format:

Parameters:

Result:
Algorithm:

Result type:

Examples:

Arithmetic
ABS(X)

X can be any arithmetic expression.

Returns the absolute value of X.
If X >= 0 then return X, otherwise returX.

Same as X.

ABS(-100) returns 100
AB(18.78) returns 18.78
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ACOS

Category:
Format:
Parameter:
Result:

Result type:

Algorithm:
Error
Condition:

Examples:

ADDR
Category:
Format:
Parameter:

Result:

Result type:

List of Built-in Faions

Mathematical
ACOS(X)
X is an arithmetic expression, -1 <=Xl<
Returns the arc cosine of X; for exampleOS(X) is
the angle in radians, whose cosine is X suchtha
<= ACOSW <= PI.

FLOAT BINARY.
ACOS(X) equals P1/2 - ASIN(X).

If X is not in the interval -1 <=X <=the run-time

system signals the ERROR(3) condition.
ACOS(0.866) returns 5.236490E-01

ACQOS(0.86603) returns 5.235897302627563E-001

Miscellaneous
ADDR(X)
X is a reference to a variable with eoted
storage.
Returns a pointer that identifies theager
location of the variable X.

POINTER
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ASCII
Category: Conversion
Format: ASCII(I)
Parameter: | is a FIXED BINARY expression.
Result: Returns a single character whose posititine
ASCII collate sequence corresponds to | (see
Appendix F for ASCII codes).
Result type: CHARACTER(l)
Algorithm: ASCII(1) equals SUBSTR(COLLATEorMOD(128)+1,1).
Remark: ASCII (1) is the inverse function of RANK ; that is,
ASCII (Rank(C))=C, for any character C.
Examples: ASCII(88) returns 'X'
ASCII(40) returns '('
ASIN
Category: Mathematical
Format: ASIN(X)
Parameter: X is an arithmetic expression, -1 <=Xl<
Result: Returns the arc sine of X; for examplel¥g) is
the angle in radians, whose sine is X, such-that
P1/2 <= ASIN(X) <= PI/2
Result type: FLOAT BINARY
Algorithm: Chebyshev polynomial approximation
Error
Condition: If X is not in the interval -1 <= X <= the run
time system signals the ERROR(3) condition.
Examples: ASIN(0.866) returns 1.0471462E+00

ASIN(0.86603) returns 1.047206282615661E+000
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ATAN

Category:
For-mat:
Parameter:
Result:

Result type:

Algorithm:

Examples:

ATAND

Category:
Format:
Parameter:
Result;

Result type:

Algorithm:

Examples:

List of Built-in Faions

Mathematical
ATAN(X)
X is any arithmetic expression.
Returns the arc tangent of X; for examABAN (X) is
the angle in radians, whose tangent is X, $oah
-P1/2 <= ATAN(X) <= PI/2

FLOAT BINARY
Chebyshev polynomial approximation

ATAN(0.577) returns 5.2333600E-01
ATAN(0.57735) returns 5.235985517501830E-001

Mathematical
ATAND(X)
X is any arithmetic expression.
Returns the arc tangent of X in degremsexample,
the angle, in degrees, whose tangent is X, thath
-90 <= ATAND(X) <= 90

FLOAT BINARY
ATAND(X) equals 180/PI * ATAN(X)

ATAND(0.577) returns 2.9984940E+01
ATAND(0.57735) returns 2.999998664855957E+001
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BINARY
Category:

Format:
Parameter:

Result:

Result type:

Examples:

BIT
Category:
Format:
Parameter:

Result:

Result type:

Examples:

List of Built-in Faions

Conversion

BINARY (X [,p])

X is an arithmetic expression, or aggpression
that can be converted to an arithmetic valu. If
is DECIMAL with a nonzero scale factor, then psn
be given, where p is an integer constant that
specifies the precision of the result.

Returns a BINARY arithmetic value equival® X.

If X is FLOAT BINARY, the result is AT BINARY;
otherwise it is FIXED BINARY.

If x = 12.675 FIXED DECIMAL(6,3)
then
BINARY(X,15) returns 12
BINARY(12.675,15) returns 1.2000000E+01

Conversion
BIT(S[,LI)
S is an arithmetic or string expresdias.a
positive FIXED BINARY expression.
Converts S to a bit string of length L wheis
specified. Otherwise, it converts S to a bingtr
whose length is determined by the conversioasrul
in Section 4.3.3.
BIT
BIT(3,8) returns 00000110
BIT(-4,16) returns 0000100000000000
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BOOL

Category: String
Format: BOOL(X,Y,2)
Parameters: X is a bit expression.

Y is a bit expression.
Z is a bit-string constant, four-bits long.

Result: Returns a Boolean function on X and Y cjesl by
the bit-string constant Z as follows. Let
Z1,Z2,73,Z4 be the bit values in Z, reading keft
right. Then bit values A,B and the four-bit sti
Z determine the Boolean function BOOL(A,B,2):

A B BOOL(A,B,2)
0 0 71
0 1 72
1 0 Z3
1 1 z4

This then induces the function BOOL(X,Y) on bit
strings X and Y as follows. If X and Y do not have
the sane length, the shorter string is padded®n th
right with zero-bits until they have the same

length. Then BOOL(X,Y,Z) is defined to be the bit
string whose Nth bit is obtained from the preceding
table by letting A be the Nth bit of X and B thehNt
bit of Y.

Result type: BIT(n) where n equals MAX(LENGTH(X)ENGTH(Y)).
Examples: BOOL(10011'B,'0101'B,'1001'B) retud301'B
BOOL('01011'B,'11'B,11001'B) returns '01100'B
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CEIL

Category:
Format:
Parameter:
Result:
Algorithm:

Result type:

Examples:

Category:
Format:
Parameter:

Result:

Result type:

Examples:

Arithmetic
CEIL(X)
X is any arithmetic expression.
Returns the smallest integer >=to X.
-FLOOR(-X)

An integer value of the same type as X

CEIL(7.9) returns 8
CEIL((5/3)) returns 2
CHARACTER
Conversion
CHARACTER(S[,LI) _'N
S is an arithmetic or string expresdids.a
positive FIXED BINARY expression.
S is converted to a character string mdtle L when
L is specified; otherwise, S is converted to a
character string whose length is determinechby t
conversion rules of Section 4.

CHARACTER
If x=-13.25
then

CHARACTER(X,10) returns VX-13.25
CHARACTER(2%(3+7)-6,10) returns VO(VOW14
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COLLATE

Category: String

Format: COLLATE()

Parameters: None

Result: Returns a character string of length 1#&isting

of the set of characters in the ASCII charasédr
in ascending order. (The ASCII character set is
given in Appendix C.)

Result type: CHARACTER(128)

Note: in PL/I-86 V1.2, COLLATE() returns a characstring of

length 256.
COPY
Category: String
Format: COPY(S,I)
Parameters: S is a character string expression
| is a FIXED BINARY expression
Result: Returns | copies of S. concatenated tegeth

If | <= 0, COPY returns a null string.
Result Type: CHARACTER

Examples: COPY("™, 80) returns a CHARACTER(8@jue
containing 80 asterisk characters.
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COos

Category:
Format:
Parameter:
Result:

Result type:

Algorithm:
Examples:

COSsD

Category:
Format:
Parameter:
Result:

Result type:

Algorithm:
Examples:

List of Built-in Faions

Mathematical
COS(X)
X is an arithmetic expression.
Returns the cosine of X in radians.
FLOAT BINARY
Chebyshev polynomial approximation
C0S(3.1415/3.0) returns 5.000267465480M01

Mathematical

COSD(X)

X is an arithmetic expression

Returns the cosine of X in degrees.

FLOAT BINARY
COSD(X) equals COS(X*P1/180)

COSD(0.500) returns 9.9996180E-01

COSD(0.50000) returns 9.999617934226980E-001
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COSH
Category:
Format:
Parameter:
Result:
Result type:
Algorithm:

Examples:

DATE

Category:
Format:

Parameters:

Result:

Result Type:

Examples:

Remarks:

List of Built-in Faions

Mathematical

COSH(X)

X is an arithmetic expression.

Returns the hyperbolic cosine of X.
FLOAT BINARY

COSH(X) equals (EXP(X) + EXP(-X))/2

COSH(2-75) returns 7.8532790E+00
COSH(2.75000) returns 7.853279590606689E+000

Miscellaneous
DATE ()

None
Returns a character string representiagl#te in
the form, YYMMDD where
YY is the current year (00-99)
MM is the current month (00-12)
DD is the current day of the month (00-31)
CHARACTER(6)
DATE( )returns '8303251

Only available if supported by operatipgtem.
If not supported, DATE returns blanks.
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DECIMAL
Category:

Format:
Parameter:

Result:

Result type:
Examples:
DIMENSION
Category:
Format:
Parameters:

Result:

Result type:

13.7 List of Built-in Faions

Conversion

DECIMAL(X[,p[.all)

X is an arithmetic or string expressat can be
converted to an arithmetic value.
p is an integer constant, 1 <= p <= 15.
g is an integer constant, 0 <= q <=p.

Converts X to a DECIMAL value. p and q aptional
but when specified represent the precision aates
factor, respectively. If only p is given, q is
assumed to be zero. If neither p nor q is given,
then the precision and scale factor of the tesul
are determined by the rules for conversion given
Section 4.3.2.

FIXED DECIMAL

DECIMAL(125,6,2) returns 125.00

Miscellaneous
DIMENSION(X,N) | DIM(X,N)

X is an array variable; N is a posititeger
expression.

Returns a positive integer representiegtttent of
the Nth dimension of the array referenced by X.

FIXED BINARY
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DIVIDE

Category:
Format:

Parameters:

Result:

Result type:

Examples:

EXP

Category:
Format:
Parameter:
Result;

Result type:

Algorithm:

Examples:

List of Built-in Faions

Arithmetic
DIVIDE(X,Y,p) or DIVIDE(X,Y,p,q)

X and Y are arithmetic expressions.

Returns the quotient of X divided by Ythwihe
constants p, precision of the result, and desca
factor. g assumed to be zero if not include& If
and Y are FIXED BINARY, g must be omitted or afju
to zero.

The common arithmetic type of X and Y.

DIVIDE(189.07,37.56,15,5) returns 58B3
DIVIDE(296,49,15) returns 6
DIVIDE(233.456e2,1.19¢1,24) returns 1.9710920E+0

Mathematical
EXP(X)
X is an arithmetic expression.
Returns the value of e to the power X,nelfeeis the
base of the natural logarithm.

FLOAT BINARY
Chebyshev polynomial approximation.

EXP(5.13) returns 1.6901700E+02
EXP(5.13333) returns 1.695808563232421E+002
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FIXED

Category:
Format:

Parameters:

Result:

Result type:

Examples:

FLOAT
Category:

Format:
Parameter:

Result:

Result type:
Examples:

Conversion
FIXED(X[,p[.all)
X is an arithmetic expression ongeixpression
that can be converted to an arithmetic value.
p is an integer constant.
g is an integer constant.

Converts X to a FIXED arithmetic valpeand q are
optional but when specified determine the pienis
and scale factor of the result. If only p isegiy
then g is assumed to be zero. If neither p rier g
given, then the precision and scale factor are
determined by the conversion rules in Section 4.

If X is FIXED DECIMAL or CHARACTER, thresult is
FIXED DECIMAL. Otherwise, it is FIXED BINARY.

If s ='01010010'b
then
FIXED(S,8) returns 82
FIXED(s,24) returns 8.2000000E+01

Conversion

FLOAT(XL.p])

X is an arithmetic or string expressiah can be
converted to an arithmetic value. p is an og@tion
positive integer constant.

Converts X to a FLOAT arithmetic valudsp
optional but, when given, determines the preaisi
of the result. If p is not given, the precisien
determined by the conversion rules in Section 4.

FLOAT BINARY

If y = 4589 FIXED BINARY(15)
then
FLOAT(Y, 24) returns 4.5890000E+03
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FLOOR
Category:
Format:
Parameter:
Result:
Result type:

Examples:

HBOUND

Category:
Format:

Parameters:

Result:

Result type:

Arithmetic

FLOOR(X)

X is any arithmetic expression.
Computes the greatest integer <= X.
An integer value of the same type as X

FLOOR(7.9) returns 7

FLOOR((5/3)) returns 1

Miscellaneous
HBOUND(X,N)

X is an array variable, N is a posititeger
expression.

Returns the upper bound of the Nth dintamsf the
array variable X.

FIXED BINARY
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INDEX

Category:
Format:

Parameters:

Result:

Result type:

Examples:

LBOUND

Category:
Format:

Parameters:

Result:

Result type:

List of Built-in Faions

String
INDEX(X,Y[,1])

X and Y are string expressions ofdh@edype,
either bit or character. The optional third
argument, 1, is an integer expression. If omly t
arguments are given, the third argument defaolis

Returns an integer value indicating theitpm of
the leftmost occurrence of the string Y in the
string X, starting the scan from position | in X
If X or Y is null or if Y does not occur in XNDEX
returns the value zero.

FIXED BINARY

INDEX('123456789', '7") returns 8
INDEX('ABAB', 'AB', 2) returns 3

miscellaneous
LBOUND(X,N)

X is an array variable, N is a posititeger
expression.

Returns the lower bound of the Nth dimemsif the
array referenced by X.

FIXED BINARY
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LENGTH

Category:
Formal
Parameter:
Result:

Result type:

Examples:

LINENO

Category:
Format:
Parameter:
Result:

Result type:

List of Built-in Faions

String
LENGTH(X)
X is a string expression, either biataracter.
Returns the number of characters or bitae
string X. If X has the attribute VARYING, LENGT(NX)
returns the current length of X.

FIXED BINARY

LENGTH('Himalayan') returns 9
LENGTH(") returns 0

Miscellaneous
LINENO(F)
F is a file value.
Returns the current line number of the fil
referenced by F. The file must have the PRINT
attribute.

FIXED BINARY
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LOCK

Category: miscellaneous

Format: LOCK(F,I)

Parameter: F is a file constant or variable thastrbe opened
in Shared mode. | is a FIXED BINARY(15) intedbat
gives the record number relative to the recard s
specified in the ENVIRONMENT option.

Result: Returns a one-bit if the operation is ssstul or a
zero-bit if unsuccessful. Locks the record
specified by | so that no other user can lock or
access it. The record remains locked until ugddc
with the UNLOCK function, or the program termies.

Result Type: BIT(l)

Remark: Only available if supported by operatipgtem.

LOG

Category: Mathematical

Format: LOG(X)

Parameter: X is an arithmetic expression, X > 0.

Result: Returns the natural logarithm of X.

Result type: FLOAT BINARY

Algorithm: Chebyshev polynomial approximation

Error

Condition: If X <=0, the run-time system signdie ERROR(3)
condition.

Examples: LOG(10.0) returns 2.3025850E+00

LOG(10.00000) returns 2.302585124969482E+000
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LOG2

Category: Mathematical

Format: LOG2(X)

Parameter: X is an arithmetic expression, X > 0.

Result: Returns the logarithm of X to the base 2.

Result type: FLOAT BINARY

Algorithm: LOG2(X) equals LOG(X)/LOG(2)

Error

Condition: If X <=0, the run-time system signtie ERROR(3)
condition.

Examples: LOG2(10.0) returns 3.3219270E+00
LOG2(10.00000) returns 3.321927785873412E+000

LOG10

Category: Mathematical

Format: LOG10(X)

Parameter: X is an arithmetic expression, X > 0.

Result: Returns the logarithm of X to the base 10.

Result type: FLOAT BINARY

Algorithm: LOG10(X) equals LOG(X)/LOG(10)

Error

Condition: If X <0, the run-time system signals BRROR(3)
condition.

Examples: LOG10(125.0) returns 2.0969100E+00

LOG10(125.00000) returns 2.096910013008051E+000
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MAX

Category:
Format:

Parameters:

Result:
Algorithm:

Result type:

Examples:

MIN

Category:
Format:

Parameters:

Result:
Algorithm:

Result type:

Examples:

Arithmetic
MAX(X,Y)

X and Y are arithmetic expressions.

Returns the larger value of X and Y.
If X >=Y then return X, otherwise retuly.

The common arithmetic type of X and Y.

MAX(234, 64) returns 234
MAX(3.77e5, 9.856e3) returns 3.7700E+05

Arithmetic
MIN(X,Y)

X and Y are arithmetic expressions.

Returns the smaller value of X and Y.
If X<=, then return X; otherwise retuly.

The common arithmetic type of X and Y.

MIN(234,64) returns 64
MIN(3.77e5, 9.856e3) returns 9.8560E+03
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MOD

Category: Arithmetic

Format: MOD(X, Y)

Parameters: X and Y are arithmetic expressions.

Result: Returns the value X modulo Y.

Algorithm: If Y=0 then return X, otherwise return X

(Y)-FLOOR(X/(Y)).

Result type: The result is a value having the comarithmetic
type of X and Y.

Examples: MOD(7,3) returns 1
MOD(-7,3) returns 2
MOD(7,-3) returns -2
MOD(-7,-3) returns -1

Note: unless Y=0, MOD(X,Y) always returns a valugwthe same
sign as Y, and less than ABS(Y) in magnitude.

NULL

Category: Miscellaneous

Format: NULL[()]

Result: Returns the null pointer value that poiotan
invalid storage location.

Result type: POINTER

13-23

List of Built-in Faions



PL/I Reference Manual 13.7 List of Built-in Faions

ONCODE

Category:
Format:
Result:

Result type:

ONFILE

Category:
Format:
Result:

Result type:

Condition

ONCODE()

Returns the value of the error subcodbemost
recently signaled condition. The error condision
and their corresponding error numbers are listed
Section 9.4, Table 9-1.

FIXED BINARY

Condition
ONFILE()
Returns the filename for which the moserg
ENDFILE or ENDPAGE condition was signaled.

CHARACTER
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ONKEY

Category: Condition

Format: ONKEY()

Result: Returns the character string value okthefor the

Result Type:

PAGENO

Category:
Format:
Parameter:
Result:

Result type:

record that signaled an input/output or conwersi
condition.

CHARACTER

Miscellaneous

PAGENO(F)

F is a file value.

Returns the page number of the file sptify F.
The file must have the PRINT attribute.

FIXED BINARY
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RANK
Category:
Format:
Parameter:
Result:
Result type:
Algorithm:
Examples:

REVERSE

Category:
Format:

Parameters:

Result:

Result Type:

Examples:

Conversion
RANK(C)
C is a character value of length one.
Returns the integer representation oABEI|
character C (see Appendix F).

FIXED BINARY
RANK(C) equals INDEX(COLLATE(),C) -1

RANK("Y") returns 89
RANK('5") returns 53

String
REVERSE(S)

S is a character string expression

Returns a string the same length as 8, thit
characters in reverse order.

CHARACTER
REVERSE('ABC') returns 'CBA'
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ROUND

Category:
Format:

Parameters:

Result:

Algorithm:

Result type:

Examples:

SEARCH

Category:
Format:

Parameters:

Result:

Result Type:

Examples:

List of Built-in Faions

Arithmetic
ROUND(X,K)

X is an arithmetic expression.
K is a signed integer constant.

Returns X rounded to K digits to the righthe
decimal point if K >= 0. Returns X rounded to -K
digits to the left of the decimal point if K < 0
Return SIGN(X)*FLOOR(ABS(X)*B**N)+0.5)/B*N

where B=2if X is BINARY
B=10 if X is DECIMAL
and N=K if X is FIXED
else N=K-E if X is FLOAT and E is the exponeiitx.
Same as X

ROUND(12345.24689, 3) returns 12343047
ROUND(34567.12345, -3) returns 35000.00000

String
SEARCH(S,C)

S is a character string expression.
C is a character string expression.

Returns an integer value indicating th&tpm of
the first character in S that matches a characte
C. Returns a 0 if no characters in S occur in C.
FIXED BINARY
SEARCH('$***12.951,101234567891) retusn
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SIGN
Category: Arithmetic
Format: SIGN(X)
Parameter: X is any arithmetic expression.
Result: Returns -1, 0, or 1 to indicate the sifjX.0
Algorithm: If X <0 then return -1
If X =0 then return O
If X > 0 then return +1
Result type: FIXED BINARY
Examples: SIGN(-76.45€e4) returns -1
SIGN(199.98) returns 1
SIN
Category: Mathematical
Format: SIN(X)
Parameter: X is an arithmetic expression.
Result: Returns the sine of X in radians.
Result type: FLOAT BINARY
Algorithm: Chebyshev polynomial approximation
Examples: SIN(3.1415/6.0) returns 4.99986626536E50001
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SIND
Category:
Format:
Parameter:

Result:

Result type:

Algorithm:

Examples:-

SINH
Category:
Format:
Parameter:

Result:

Result type:

Algorithm:

Examples:

Mathematical
SIND(X)
X is an arithmetic expression.
Returns the sine of X in degrees.
FLOAT BINARY
SIND(X) equals SIN(X*P1/180)

SIND(0.50) returns 8.7265340E-03
SIND(0.50000) returns 8.726534433662890E-03

Mathematical
SINH(X)
X is an arithmetic expression.
Returns the hyperbolic sine of X.
FLOAT BINARY
SINH(X) equals (EXP(X)-EXP(-X))/2

SINH(2.75) returns 7.7893520E+00
SINH(2.75000) returns 7.789351940155029E+000
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SQRT
Category: Mathematical
Format: SQRT(X)
Parameter: X is an arithmetic expression, X >= 0.
Result: Returns the square root of X.
Result type: FLOAT BINARY
Algorithm: Newton's method
Error
Condition: If X <0, the run-time system signals BRROR(3) condition.
Examples: SQRT(2) returns 1.4142135E+00
SQRT(2.0000000) returns 1.414213562373094E+000
SUBSTR
Category: String
Format: SUBSTR(X, I[,J])
Parameters: X is a string, either bit or character.
| is a FIXED BINARY value.
J is a FIXED BINARY value.
Result: Returns a string that is a copy of thegtk
beginning at the Ith element and for a lengtli J.
J is not given, it defaults to the length of the
remainder of the string, equal to LENGTH(X)-I+l.
Result type: Same as X
Error
Condition: None. If the arguments are out of range
unpredictable results can occur.
Examples: If word = 'Digital Research'

$='01110101b

then

SUBSTR(word,|l) returns search
SUBSTR(S,4,2) returns 10
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TAN

Category: Mathematical

Format: TAN(X)

Parameter: X is an arithmetic expression.

Result: Returns the tangent of X in radians.

Result type: FLOAT BINARY

Algorithm: TAN(X) equals SIN(X)/COS(X)

Error

Condition: If COS (X) equals 0, then the run-tinystem signals
the ERROR(3) condition.

Examples: TAN(3.1415/4-0) returns 9.999536742B8E>001

TAND

Category: Mathematical

Format: TAND(X)

Parameter: X is an arithmetic expression.

Result: Returns the tangent of X in degrees.

Result type: FLOAT BINARY

Algorithm: TAND(X) equals TAN(X*P1/180)

Error

Condition: If COS(X*P1/180) equals 0, the run-tiregstem
signals the ERROR(3) condition.

Examples: TAND(0.50000) returns 8.72686747144606&
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TANH
Category:
Format:
Parameter:
Result:
Result type:
Algorithm:

Examples:

TIME

Category:
Format:

Parameters:

Result:

Result Type:

Examples:
Remarks:

Mathematical
TANH(X)
X is an arithmetic expression.
Returns the hyperbolic tangent of X.
FLOAT BINARY
TANH(X) = (EXP(X)-EXP(-X))/(EXP(X)+EXP(X))

TANH(2.75) returns 9.9185970E-01
TANH(2.75000) returns 9.918597340583800E-001

Miscellaneous
TIME()

None

Returns a character string representiagtinrent
time in the form, HHMMSStttttt where
HH is the current hour (00-23)
MM is the minutes (00-59)
SS is the seconds (00-59)
tttttt is the microseconds

CHARACTER(12)

TIME( ) returns '133427000000'
Only available if supported by operatipgtem.
tttttt is only as accurate as the system claokl,
in most cases will be much less precise than one
microsecond. If not supported, TIME returns kkan
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TRANSLATE

Category:
Format:

Parameters:

Result:

Result type:
Examples:
TRIM

Category:
Format:

Parameters:

Result:

Result Type:

Examples:

List of Built-in Faions

String
TRANSLATE(X,Y,[Z])

X is a character expression.
Y is a character expression.
Z is a character expression.

If Z does not occur, it is assumed to R CATE( ).
If Y is shorter than Z, it is padded to the tigh
with blanks until its length equals the lengfizo
Any occurrence of a character in Z in the stiihg
is then replaced by the character in Y corredpan
to that character in Z.

Same as X

TRANSLATE('BDA', 123", 'ABC") returfD1’

String
TRIM (S [, L,T])

S, L, and T are character string esiores
TRIM(S) returns a character string wita xading
and trailing blanks removed. TRIM(S,L,T) retums
character string with all leading characters of
that appear in L removed, and all trailing
characters of S that appear in T removed.
CHARACTER

TRIM(" ABCDE ") returns 'ABCDE'
TRIM('$***1.23 ") returns 11.231
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TRUNC

Category: Arithmetic

Format: TRUNC(X)

Parameter: X is any arithmetic expression.

Result: Returns the integer portion of X.

Algorithm: If X <0 then return (CEIL(X))
If X >= 0 then return (FLOOR(X))

Result type: A signed integer value of the same g X.

Examples: TRUNC(52.146) returns 52
TRUNC(-52.146) returns -52

UNLOCK

Category: Miscellaneous

Format: UNLOCK(F,I)

Parameter: F is a file constant or variable thastrbe opened
in Shared mode. | is a FIXED BINARY(15) intedbat
gives the record number relative to the recard s
specified in the ENVIRONMENT option.

Result: Returns a one-bit if the operation is sgstul or a
zero-bit if unsuccessful. Unlocks the record
specified by | so that other users can access it
The record remains unlocked until locked wité th
LOCK function, or the program terminates.

Result Type: BIT(I)

Remark: Only available if supported by operatipgtsm.
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UNSPEC
Category: Miscellaneous
Format: UNSPEC(X)
Parameter: X is a reference to a data item whisenal
representation in memory is 16 bits or less.
Result: Returns the contents of the storage locaiccupied
by X.
Result type: A bit string whose length equals #egth of the
internal representation of the data item assedia
with X.
Examples: If num = 25000 (FIXED BINARY) then
UNSPEC(num) returns 0110000110101000
VERIFY
Category: String
Format: VERIFY(S,C)
Parameters: S is a character expression.
C is a character expression.
Result: Returns integer value 0 if each of theattars in
S occurs in C. Otherwise, returns an integer tha
indicates the position of the leftmost characfer
S that does not occur in C.
Result type: FIXED BINARY
Examples:

VERIFY('ABCDE','/ABDE") returns 3
VERIFY('ABC1231,'1A2B3C4D") returns 0
VERIFY(",'A") returns 0

VERIFY(A',") returns 1

End of Section 13
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Section 14
PL/l Statements

This section lists the PL/I statement formats phabetical order.
14.1 The ALLOCATE Statement
ALLOCATE based-variable SET(pointer-variable);
Examples:
declare
A character(16) based(P),
P pointer;
allocate A set(P);
14.2 The ASSIGNMENT Statement
variable = expression;

Examples:

B = C*D;
unspec (E) F ()

14.3 The BEGIN Statement

BEGIN;

14.4 The CALL Statement

CALL proc-name [(sub-l,...,sub-n)] [(argument-IJst)
Examples:

call PI;
call P2(A,B,C);

14.5 The CLOSE Statement
CLOSE FILE(file-id);
Examples:

close file(INP);
close file(B:PAYFINES.DAT);
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14.6 The DECLARE Statement (for scalar variables)

DECLARE name [attribute-list];

Examples:

declare index - count fixed binary(15);
declare pi float binary(53);
declare overtime_pay fixed decimal(6,2);

14.7 The DECLARE Statement (for array variables)
DECLARE name(bound-pair .... ) [attribute-list];
Examples:

declare B(-2:5,-5:5,5:10);
declare class_grades(30:100) character(25) varying;

14.8 The DECLARE Statement (for structure variables)

DECLARE | DCL [level] name [attribute-list] ...
[,[level] name [attribute-list]];

Examples:

declare A fixed;

declare 1 B,

2 C NAME character(20),
2 D ADDRESS,

3 STREET character(20),
3 CITYST character(20),
3 ZIP character(5);
declare ZZ(10) fixed;
declare A fixed external,

14.9 The DECLARE Statement (for ENTRY data)

DECLARE proc-name  [(bound-pair-1. ... bound-paif-n)
[ENTRY (parameter-list)]

[EXTERNAL] [VARIABLE]

(RETURNS(return-att)];

Examples:
declare x entry;
declare p(0:10) entry(fixed,float) variable;

declare r returns(character(10));
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14.10 The DECLARE Statement (for FILE data)
DECLARE file-id FILE (VARIABLE);

Examples:

declare f5 file;
declare f(5) file variable;

14.11 The DO Statement

DO (control-variable] do-specification;

where do-specification can be one of the following:
start-exp [TO end-exp] [BY incr-exp] [WHILE(conditn)]
start-exp [BY incr-exp] [TO end-exp] [WHILE(condith)]
start-exp [REPEAT repeat-exp] [WHILE(condition)]
Examples:

do J=0;

do while(A<B);

doJ=1TO 10;

do K=10TO 0 BY -2 while(A<B);

do P=START repeat P->NEXT while(P"=NULL);
14.12 The END Statement

END [label];

Examples:

end;
end P,

14.13 The FORMAT Statement
label: FORMAT (format-list);
Examples:

LI: format(A(5));
L2: format(10 B4(2));

The DECLARE Statemen
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14.14 The FREE Statement

FREE [pointer-variable->] based-variable;

Examples:

free A;
free P->A;

14.15 The GET EDIT Statement

GET [FILE(file id)] [SKIP[(n1)]]
EDIT(input-list) (format-list);

Examples:

get edit(A,B,C)((3)f(5,2));
get file(INP) edit((Z(l) do | = 1 to 3))(A);

14.16 The GET LIST Statement
GET [FILE(file-id)] [SKIP[(n1)]] LIST(input-list);

Examples:
get list(X,Y,2);

14.17 The GOTO Statement
GOTO | GO TO label-constant | label-variable;
Examples:

go to the_end;
goto lab(K);

14.18 ThelF Statement
IF condition THEN action-1 [ELSE [action-2]]
Examples:

if A=2 then B=A**2;
else;

if J>K then | = I+];
else | = 1+3;
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14.19 The %INCL UDE Statement
%INCLUDE 'filespec;

Examples:

%include 'mathlib.pli’;
%include 'constnts.dcl’;

14.20 The NULL Statement
Examples:
else
14.21 The ON Statement
ON condition-name ON-unit,
Examples:
on endfile(INP)
begin;
put list(END OF INPUT");
stop;
end;
on error put list(oncode());
14.22 The OPEN Statement
OPEN FILE(file-id) [file-attributes];

Examples:

open file(INP) input;
open file(SYSPRINT) output;

14-5

The %INCLUDE Statement



PL/I Reference Manual 14.23 The PROCEDURE Statement

14.23 The PROCEDURE Statement

proc-name; PROCEDURE | PROC [(parameter-list)]
[OPTIONS(option.... )) [RETURNS(attribute-list)]
(RECURSIVE]

Examples:

PI: proc(A,B,C);

P2: procedure (ZZ) returns(float);

P3: proc(N) returns(fixed bin) recursive;

P4: procedure options(main);

14.24 The PUT EDIT Statement

PUT  [FILE(file id)] [SKIP[n1]] [PAGE]
EDIT (output-list)(format-list);

Examples:

put edit(A,B,C) (F(5,2),X(3),2 E(I0,2));
put edit((Z(1) do | = 1 to 10))(A);

14.25 The PUT LIST Statement
PUT [FILE(file-id)] [SKIP[(n1)]] [PAGE] LIST (outpt-list);
Examples:

put list(A,B,C);
put file(F) list((Z(l) do | = 1 to 10));

14.26 The READ Varying Statement
READ [FILE(file-id)] INTO(v);

Examples:
read file(F) into(buffer);

14.27 The READ Statement (for SEQUENTIAL RECORD files)
READ FILE(file-id) INTO(X);

Examples:
read file(INP) into(XX);
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14.28 The READ with KEY Statement
READ FILE(file-id) INTO(X) KEY (K);
Examples:
read file(INP) into(STRUC) key(IKEY);
14.29 The READ with KEYTO Statement
READ FILE(file-id) INTO(X) KEYTO(K);
Examples:
read file(INP) into(z) keyto(IKEY);
14.30 The % REPLACE Statement
%REPLACE identifier BY constant;
Examples:
%replace true by '1'b;
%replace rows by 10,

columns by 6;
14.31 The RETURN Statement
RETURN [(return-exp)];
Examples:
return;
return(X);
return(A**2);
14.32 The REVERT Statement
REVERT condition-name;

Examples:

revert error;
revert endfile;
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14.33 The SIGNAL Statement

SIGNAL condition-name;

Examples:

signal error;
signal endfile(sysin);

14.34 The STOP Statement

STOP;

14.35 The WRITE Varying Statement (for STREAM files)
WRITE [FILE(file-id)] FROM(v);

Examples:

declare (XX,YY) character(200) varying;

write file(OUTPUT) from(XX);

write from(YY);

14.36 The WRITE Statement (for SEQUENTIAL RECORD files)
WRITE FILE(file-id) FROM(x);

Examples:

write file(OUTP) from (XX);
write file(F) from(STRUC));

14.37 The WRITE with KEYFROM Statement
WRITE FILE(file-id) FROM(x) KEYFROM(K);

Examples:
write file(KP) from(REC) keyfrom(IKEY);

End of Section 14
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Section 15
Data Attributes

This section summarizes all the PL/I data attribated storage
classes. Abbreviations of attributes are includgefer to the
relevant sections for full details of the attrilaite

15.1 ALIGNED

ALIGNED is a the attribute that usually forces sige boundary
alignment of a variable. It has no effect in PLut is included
for compatibility with other implementations. Fotaenple,
declare A(0:3) bit(4) aligned;

152 AUTOMATIC |AUTO

AUTOMATIC is the storage class that specifies statage is
allocated to the variable upon activation of thecklcontaining
the declaration. In PL/I, automatic storage isicadly

allocated, except for recursive procedures. Fomgia,

declare A fixed binary; /* is equivalent to
declare A fixed binary auto;

15.3 BASED or BASED(p) or BASED(q())

BASED is the storage class that specifies userralthed allocation
for a variable. In this case, p is a pointer vddabnd g is a
pointer-valued function. For example,

declare A fixed binary based,

B(5) character(10) based(p),

C fixed binary based(f( ));

15.4 BINARY |BIN or BINARY (p) | BIN(p)

BINARY defines a BINARY variable with precision p.

for FIXED variables p<=15
for FLOAT variables p <=53
For example,

declare | fixed binary(7),
F float binary(40);
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15.5 BIT(n)

BIT (n) defines a bit string of length n, where s 6. For
example,

declare A bit(3);
15.6 BUILTIN

BUILTIN specifies that the declared name is on¢hefPL/I built-in
functions (BIFs). If you declare a BIF name in dohgck as a
variable, then you must redeclare it with the BUINTattribute if
you want to reference it as the BIF in any contdibkck. For
example,

declare sqrt builtin;
15.7 CHARACTER(n) | CHAR(N)

CHARACTER (n) defines a character string of lengtlvheren <=254.
For example,

declare A character(10),
B(5) character(4);

15.8 DECIMAL[(p[.a])] | DEC[(p[.a])]

DECIMAL defines a decimal number with precision adle (p,q),
where p <= 15 and g <= p. If you do not specifthg, default is q = 0.
If you do not specify either p or g, PL/I defaults(7,0).
For example,

declare A fixed decimal(6,2);

15.9 ENTRY[(parameter-list)]

ENTRY defines entry values, where parameter-lighéslist of the
parameters as given in the PROCEDURE definitiorth®fentry
values. For example:

declare H entry,
Z entry(10) (fixed),
Y entry(float) returns(float),
X entry variable;
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15.10 ENVIRONMENT (options) | ENV (options)
ENVIRONMENT defines fixed- and variable-length red®izes for

RECORD files, internal buffer sizes, the file opaade, and the
password protection level. Options is one or mdrde following:

Locked I L

ReadonIT I R

Shared S
Passwordf(level)] | P[(level)]

Fixed(i) F(@i)
Buff(b) B(b)

where i is the fixed-record length, and b is therinal buffer
size. Both are expressed as integer constantsxaorpde,

open file keyed env(f(100),b(4000));

open file(f6) input direct title('d:accounts.newzl)
env(shared,password(d),f(100),b(2000));

15.11 EXTERNAL | EXT

EXTERNAL defines the scope of the declared iterhedEXTERNAL.

That is, the item is known in all blocks wheresidieclared as

EXTERNAL. For example,

declare A character(8) external;

15.12 FILE

FILE defines file data. For example,

declare F file,
FV file variable;

15.13 FIXED[(p[.q])]
FIXED defines fixed-point arithmetic data of precisand scale
factor (p,q). If specified for BINARY data, g mus¢ 0. For

example,

declare A fixed binary,
B fixed decimal(5,2);
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15.14 FLOATI[(p)]

FLOAT defines floating-point arithmetic data of pigon p, where p <= 53.
For example,

declare A float binary;

15.15 INITIAL (value-list) | INIT(value-list)

INITIAL causes the compiler to assign initial vasu® a STATIC
variable before program execution. The value-fist list of
constants, separated by commas, that can be ceduerthe
variable type being initialized. Any constant i tist can be
preceded by a repetition factor in parenthesesekample,

declare A character(3) static initial('ABC"),
B(2) fixed binary static initial((2)5);

15.16 LABEL

LABEL defines a LABEL variable. For example,
declare somewhere label;

15.17 PARAMETER

PARAMETER is the storage class the compiler assigikata items
that appear in a parameter-list. Storage for tharpaters is
allocated when the calling procedure passes trampers to a
called procedure. In the example below, the compsigns x the
storage class PARAMETER.

Example:
declare A entry(x float) external returns(float);

15.18 POINTER | PTR

POINTER defines a POINTER variable. For example,
declare (p,q) pointer;

15.19 RETURNS(attribute-list)

RETURNS (when used with the ENTRY attribute) ddsesithe attribute
list of the value returned by a function. For exsnp

declare A entry(float) returns(fixed);
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15.20 STATIC

STATIC is the storage class that causes the contpilallocate
storage before program execution. For example,

declare A character(10) static,
B fixed binary static initial(O);

15.21 VARIABLE

VARIABLE (when used with the FILE or ENTRY attribeg) defines the
item as a variable instead of a constant. For el@mp

declare F file variable,
P entry variable;

15.22 VARYING | VAR

VARYING defines a varying length character strifgr example,
declare A character(100) varying;

End of Section 15
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Appendix A
| mplementation Notes

Digital Research PL/I is based on American Nati@tandard X3.74,
PL/I General Purpose Subset (Subset G) . DigitaeRech has
implemented PL/I on a variety of microcomputer geattures and
operating system environments.

This appendix describes the differences betweeraheus
implementations, and the differences between timgkementations
and the Subset G standard.

The following nomenclature is used in this appendix

. DRI PL/I refers to all Digital Research implematibns of PL/I.

. PL/I-80" refers to any version of the 8-bit implentations of
PL/I for 8080-compatible microprocessors suchhas3080,
8085, and Z808 Features specific to a particludasion are
designated with release numbers; that is, PLIR8.

. PL/I-86" refers to any version of the 16-bit ireplentations
of PL/I for 8086-compatible microprocessors suslitee 8086
and 8088. Features specific to a particular varaie
designated with release numbers; that is, PLIRB®.

. DOS refers to the IBM Personal Computer Disk @peg System
Version 1.1.

A.1 DRI PL/I vs. PL/I Subset G

DRI PL/I conforms to the Subset G standard withftlewing
exceptions:

DRI PL/I does not implement the attributes:

. DEFINED
. FLOAT DECIMAL
. PICTURE (it is implemented as an edit formatriten output)

DRI PL/I does not implement *-extents in arraystsings. DRI
PL/I does not implement expression extents in aroaystrings.
All extents must be constants.

DRI PL/I does not implement

A = scalar;

where A is an array variable.
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DRI PL/I does not currently implement the keywo RAMETER. Future
versions of PL/I-86 will implement this keyword.

DRI PL/I requires the third argument of SUBSTR dffiastring be a
constant.

DRI PL/I does not implement some built-in functioiable A-1
shows which built-in functions are not availabldhe respective
implementations.

Table A-1. Built-in Functions Not Implemented

PL/I-80 PL/I-86 R1.0, PL/I-86 RI.O(DOS) PL/I-86 1.
IR1.1, and | I
ATANHATANHATANHATANH

COPY COPY COPY STRING

DATE REVERSE REVERSE VALID
REVERSE SEARCH SEARCH
SEARCH STRING STRING
STRING TRIM TRIM

TIME VALID VALID

TRIM

VALID

DRI PL/I implements the following built-in functienas extensions
to the Subset G standard:

. ASCII
. RANK

In DRI PL/I, the %REPLACE statement is extendedltow multiple
replaces in a single statement.

DRI PL/I adds the following 1/O facilities for ASCIile processing:

. READ Varying and WRITE Varying statement forms fwocessing
variable-length ASCII records

. The GET EDIT statement is extended to full redoplt in A format
DRI PL/I allows control characters in string comdta This
feature is incompatible with the ANSI standard ailibe changed

in future releases of PL/I-86.
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DRI PL/I allows statements such as

declare numbers(10) character(10)
static initial((10)'0123456789";

In Subset G, you must use a (1) string replicafémtor of the form

declare numbers(10) character(10)
static initial((10)(1)101234567891);

In DRI PL/I, an ON-unit cannot free storage foraaiable that is
being used when the condition is signaled, or ctbedile for
which an I/O condition is signaled. The ON-unit miosanch to a
non-local label.

DRI PL/I does not support partially-subscriptedgl/an partially
qualified mixed aggregate references that specifpanected
storage.

DRI PL/I has a non-standard implementation of REGUFE procedures
On entry, they copy onto the stack the static frapmaining their
AUTOMATIC storage. On exit, such procedures comy\thlues present
on entry from the stack back to the static frarha. RECURSIVE
procedure calls a subroutine and passes an AUTOK2A/Eriable by
reference, it passes the address of the variabheistatic

frame. If the subroutine then calls the original RERSIVE

procedure, nonstandard results can occur.

You can avoid non-standard results if you alwaysddhe compiler

to pass an argument by value when making a catlérs RECURSIVE
procedure. To pass an argument by value, enclesarfument in
parentheses.

A.2 Differences between PL/I1-80 and PL/1-86

PL/1-80 and PL/I-86 R1.0 do not check bounds ferphecision given
in a DECLARE statement. For example, given the atation

declare x fixed binary(35);

the compiler supplies the maximum precision (13heaut issuing a
warning message.

PL/1-80 and PL/I-86 R1.0 do not verify that a fuonat procedure
contains a RETURN statement.

PL/1-80 and PL/I-86 R1.0 do not revert ON-units whexiting a BEGIN
block.
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PL/1-80 and PL/I-86 R1.0 do not create a dummyalas for a
constant argument. You can force the compiler éater a dummy
argument by enclosing the constant in parentheses.

PL/I-80 does not support comparison operation$fED BINARY
values whose sum or difference is greater than B&Y&bsolute
value.

PL/1-80 and PL/I-86 R1.0 implement a condition &tatich has 16
levels. In any given block, PL/I-80 and PL/I-86 BR&tack ON-units
for the same condition. Also, the same ON-unittdigthed in an
embedded block is pushed onto the condition stack.

PL/1-86 RI.I implements ON conditions correctly gtut
restrictions.

Note: PL/I-80 and PL/I-86 R1.0 allow a maximum &f @N-units to
be enabled at any given point in a program. Engbitiore than 16
ON-units is a nonrecoverable error. The run-timgeayn stops
processing and outputs the following message:

Condition Stack Overflow
In PL/I-80 and PL/I-86 R1.0, you cannot declareadable based on

a pointer that is a member of a structure. For grenthe
following declaration is invalid:

declare
1 my-structure,
2 some-data fixed binary(7),
2 p pointer,
X float binary based(p);

PL/I1-80 produces relocatable object code in therbsiofte format.
This format restricts the length of external nanee8 characters.

PL/1-86 produces relocatable object code in thel(Btformat.
There are no restrictions on the length of extenaahes with this
format.

PL/I-80 R1.4 and PL/I-86 RI.I implement passwordtpction for
files in the ENVIRONMENT attribute, and implemehetLOCK and
UNLOCK built-in functions for locking and unlockirigdividual
records in a file. PL/I-86 R1.0 does not implentaise features.

PL/1-80 R1.4 and PL/I-86 RI.I implement double-pstan FLOAT
BINARY data; PL/I-86 R1.0 does not.

A-4



PL/I Reference manual A.2 PL/I-80 vs. PL/I-86

PL/1-86 uses the IEEE format for representing srglecision,
floating-point data; PL/I-80 does not. Thus, thisra fundamental
data format incompatibility between PL/I-80 and IP&6. A PL/I-86
program cannot read floating-point data writtewlitk files with
PL/I1-80. Appendix B contains descriptions of eaginfat, and a
procedure for converting from PL/I-80 format to P86 format.

PL/1-86 RI.I permits the characters @ (at sigmd & (number sign)
to appear in identifiers.

In PL/I-86 R1.2, the COLLATE built-in function ratus a character
string of length 256 instead of 128.

A.3 PL/I-86 Running Under DOS

The DOS operating system does not support passwotection for

files, or record locking and unlocking for indiviglurecords. See
Section 10.1 or the Programmer's Guide for morermétion.

Under DOS, physical device names end with a cdton.example, the
system console is CON: and the system list degi¢d”iT1: or PRN:.
Under CP/M, the corresponding names are $CON asd $Eee Section
10.1 or the Programmer's Guide for more information

A.4 Summary of Differences

Table A-2 summarizes the differences among theuari
implementations.
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Table A-2. Summary of Implementation Differences

Summary of Differences

Feature PL/I-80 PL/I-80 PL/I-86 PL/I-86 PL/68 PL/I-
86
R1.3 R1.4 R1.0 R1.0D
RLI R1.2
Object Code
format Microsoft Microsoft Intel Intel lak Intel
S.P. Floating
point format non-IEEE non-IEEE IEEE IEEE IEEE
IEEE
D.P. Float
Binary data No Yes No No
Yes Yes
Password
Protection No Yes No No
Yes Yes
Record Locking/
Unlocking No Yes No No
Yes Yes
Condition
Stack Depth 16 levels 16 levels 16 levels lelev unlimited
unlimited
Device Names $CON,$LST $CON,$LST $CON,$LST CON:,LPT $CON,$LST
$CON,$LST
@, # valid in
identifiers No No No No
Yes Yes
Length of string
returned by
COLLATE() 128 128 128 128
128 256
Variables based
on pointer in a
structure No No No No
Yes Yes
Create dummy
variables for
constant
argument No No No No
Yes Yes
Revert ON-units
when exiting
BEGIN block No No No No
Yes Yes
FIXED BINARY
comparisons
>'32767' No No Yes Yes
Yes Yes
BIFS not supported
ATANH,COPY ATANH,COPY ATANH,COPY ATANH,COPY ATANH,COPY
ATANH
DATE,REVERSE DATE,REVERSE REVERSE REVERSE RIRGE

STRING



SEARCH,STRING SEARCH,STRING SEARCH,TRIM SEARCRIM SEARCH,TRIM
VALID

TIME, TRIM TIME, TRIM STRING,VALID STRING,VALID STRING,VALID

VALID VALID

End of Appendix A
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Appendix B
Internal Data Representation

This appendix describes PL/I internal data formakss knowledge
is vital when using based variables to overlayagierso you do not
destroy adjacent storage locations. Knowledge efriternal data
representation is also useful when you want tafiate assembly
language routines with high-level language prograntthe PL/I
Run-time Subroutine Library.

Note: in this section PL/I applies to both PL/I-&0d PL/I-86
unless otherwise indicated.

B.1 FIXED BINARY Representation

PL/I stores FIXED BINARY data in one of two forndgpending upon
the declared precision. It stores FIXED BINARY veduwith

precision 1-7 in single-byte locations, and valwih precision 8

15 in word (double-byte) locations. With multibygrage, PL/I
stores the least significant byte at the lowest orgraddress.

PL/I represents all FIXED BINARY data in two's coleyment form,
allowing single-byte values in the range -128 t@#land double
byte values in the range -32768 to +32767.

Figure B-1 shows the representation of storageth bingle-byte
and double-byte locations for the values 0, 1,-@x&ach boxed
value represents a byte of memory, and is shovotih binary and
hexadecimal values.
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0000 0000 0000 0000j

000

FIXED BINARY(7) FIXED BINARY(15)

0000 0001 0000 00001

010

FIXED BINARY(7) FIXED BINARY(15)

lill 1110 11112 lill

FE F

Figure B-1. FIXED BINARY Representation

B.2 FLOAT BINARY Representation

B.2.1 Single-precision

PL/1-80

PL/I1-80 stores single-precision floating-point bipaata in the
Microsoft format. This format uses four consecutiyges, with the
32 bits containing the following fields: a 23-biantissa, a sign
bit, and an 8-bit exponent. The least significayietof the
mantissa is in the lowest memory address.

I exponent | s | mantissa

31 2322 0

Figure B-2. PL/I-80 Single-precision Floating-pokdrmat

The Microsoft format normalizes floating-point nuenb so the most
significant bit of the mantissa is always 1 for rero numbers.
Because the most significant bit of the mantissatrba 1 for
nonzero numbers, this bit position is used fordiga. This is
called using an implicit, normalized bit, and thiedsy point is

considered to be immediately to the left of thenmalized bit.
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To make certain kinds of comparisons easier, tharlgiexponent

byte has a bias of 128 (decimal) or 80 (hexadegjmalthat 81

represents an exponent of 1 while 7F representgxaonent of -1.

A zero mantissa has an exponent byte of 00.

Suppose a floating-point binary value appears imorg as
001001 40T-811

3 2 1 0

The bit-stream representation has the followingnfor

8 1 4 0 0 0 0 0
1000 0001 0100 0000 0000 0000 0000 0000

When the bias is subtracted from the exponentrtteebinary
exponent is 1.

1000 0001
-1000 0000

0000 0001

The mantissa appears as

1 01100 0000 0000 0000 0000 0000

| si

The high-order bit equal to zero indicates thatdiga is
positive. Restoring the implicit, normalized bibguces the bit
stream

1100 0000 0000 0000 0000 0000

Because the binary point is one position to thied&the implicit
normalized bit, the value of the mantissa is

1100 0000 0000 0000 0000 0000

1100 ... represents 2-1 + 2-2 . multiplying by titue exponent 21
we get

21 (2- +22 2(12+1/4)=1+12=15

Thus, the four-byte value:
1001001 4018q

is the floating-point binary representation of tleeimal number
15.
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PL/1-86

PL/1-86 stores single-precision, floating-point &iy numbers using
the IEEE format. This format uses four consecubytes, with the
32 bits containing the following fields: a 23-biaintissa, an 8-bit
exponent, a sign bit. The least significant byt¢hef mantissa is

in the lowest memory address.

Isl exponent | mantissa 1
3130 2322 O

Figure B-3. IEEE Single-precision Floating-pointrfat

The IEEE format normalizes floating-point numbessisee most
significant bit of the mantissa is always 1 for rero numbers.
Because the most significant bit of the mantissatrba 1 for
nonzero numbers, this bit is not stored. This Ikedausing an
implicit, normalized bit, and the binary point igrsidered to be
immediately to the right of the normalized bit.

In IEEE format (single-precision) , the binary erpat has a bias of
127 (decimal) or 7F (hexadecimal) so 80 repressamexponent of +1
while 7E represents an exponent of -1.

Suppose a floating-point binary value appears imorg as

_F7

100 100 jCO 3F

3 2 1 0

The bit-stream representation has the form:

3 F C 0 0 0 0 0
0011 1111 1100 0000 0000 0000 0000 0000

The high-order bit equal to zero indicates the ssgoositive, and
the exponent has a bias of 7F, so the true binggrent is 0.

0 0111111111 1000 0000 0000 0000 0000 000

s

Restoring the implicit, normalized bit, produces it stream:
1100 0000 0000 0000 0000 0000
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Because the binary point is one position to thbtraf the
implicit, normalized bit, the value of the mantissa

1 100 0000 0000 0000 0000 0000

1 1 in binary represents 20+2-1. Multiplying by thee exponent
20, we get

20 (20 + 2-1 1(1+1/2)=1+1/2=1.5
Thus, the four-byte value:
Fj

is the floating-point binary representation of tleeimal number
15.

You can convert data written in the non-IEEE formeathe |IEEE
format by using the procedure in Listing B-1.
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SPBOTO086: procedure(f) returns(float binary(24));

declare
(f,r) float binary(24),
b fixed binary(7),
(fp,rp) pointer;
declare

1 f80 based (fp)
2 (wordO,wordl) bit(16);
declare

1 f86 based(rp),
2 (word0,wordl) bit(16);
declare

1 f800over based(fp),

2 (byteO,bytel,byte2,byte3) fixed binary(7);

fp = addr(f);
rp = addr(r);
r = f; /* copy the whole source to target */

[* copy exponent and adjust bias by 2: */
1 for 127 vs 128, 1 for 1. not .1

b = byte3 - 2;
substr(rp->f86.wordl,2,8) = unspec(b);

/* copy sign bit */

substr(rp->f86.wordl,1,1) = substr(fp->f80.wordl)9,
return(r);

end SP80T086;

Listing B-1. Floating-point Format Conversion Prdaee

B.2.2 Double-precision

PL/1-80 R1.4 and PL/I-86 R1.1 store double-precisitoating-point
binary data using the IEEE format. This format usight
consecutive bytes, with the 64 bits containingfttiewing

fields: a 52-bit mantissa, an 11-bit exponent, amstyn-bit.

s | expon( mantissal
6362 51 0

Figure B-4. Double-precision Floating-Point Format
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The IEEE format normalizes floating-point numbesstsee most

significant bit of the mantissa is always 1 for rero numbers.

Because the most significant bit of the mantissatrba 1 for

nonzero numbers, this bit is not used for the sidnis is called

using an implicit normalized bit, and the binarymas considered

to be immediately to the right of the normalizet] bi

In IEEE format (double-precision) , the exponerg haias of 1023
(decimal) or 3FF (hexadecimal) so 400 representxponent of +1

while 3FE represents an exponent of -1.

For example, suppose that a floating-point binatye appears in
memory as shown in the following example:

)IO0IC01431COI

Low High

In this case, the mantissa is a bit stream ofdhm f
3 C 0

0011 1100 0000. . .

Restoring the implicit, normalized bit produces
1001 1110 0000 . . .

The exponent evaluates as follows:

C 0 4

1100 0000 0100

The high-order bit is 1 so the sign is negativeoling the sign
bit yields an exponent of

4 0 4
0100 0000 0100

which has a bias of 3FF, so the true binary expbisen

404
-3FF

5
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Therefore, the binary number is
100111 10 0000. ..

which is 39.5 in decimal. Thus, the eight-byte ealu
[ 001001001001001C0O1431CO

is the double-precision float-binary representatibthe decimal
number -39.5.

B.3 FIXED DECIMAL Representation

PL/I stores FIXED DECIMAL data items in ten's compient packed BCD
(Binary Coded Decimal) form. Each BCD digit occupéhalf-byte,

or nibble. PL/I stores the least significant BCDr za the lowest

memory address, with one BCD digit position resérige the sign.
Positive numbers have a 0 sign, while negative rarmbave a 9 in

the high-order sign digit position.

The number of bytes occupied by a FIXED DECIMAL rhandepends upon
its declared precision. Given a decimal number yi#tision p,
PL/I reserves a number of bytes equal to

FLOOR((p + 2)/2)

where p varies between 1 and 15. This resultsmingnum of 1
byte and a maximum of 8 bytes to hold a FIXED DE@IMdata item.

For example, if you declare the number 12345 wititision 5, then
PL/I reserves FLOOR((5 + 2)/2) = 3 bytes of storagd represents
the number as the following:

45 23 01

PL/I stores negative FIXED DECIMAL numbers in tecsmplement form.
To derive the ten's complement of a number, fiesivék the nine's
complement and then add 1 to the result. For exantipé number -2
expressed in ten's complement is

9-2)+1=8

Adding the sign digit gives

98

If you declare -2 with precision 5, then PL/I regggts it as
98199 1 9fl
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BA CHARACTER Representation

PL/I stores character data in one of two formsetejing upon the
declaration. It stores fixed-length character girdeclared as
CHARACTER(n) in n contiguous bytes, with the ficstaracter in the
string stored lowest in memory.

PL/I reserves n+l bytes for variables declared H&ARACTER(n)
VARYING with the extra byte holding the length dietcharacter
string. The length can range from 0 to 254. Theimar length of
either type of string is 254 characters.

As an example, suppose the variable A is declasgtHARACTER(20).
The assignment

A ='Walla Walla Wash’;
results in the following storage allocation:

1WialllllalwIwlalllllalylwlalsihIVIgIXIkli

where b represents a blank. If A is declared as RABTER(20)
VARYING data, PL/I stores the same string as

1101 W jai 11 11 al O(JWJaJ 11 11 al I/IWJadli€ly51J~1)61
where 10 is the (hexadecimal) string length.

B.5 BIT Representation

PL/I represents bit-string data in two forms, defieg upon the
declared precision. It stores bit strings of lenty# in a single
byte, and bit strings of length 9-16 in a word (diedbyte) value.
PL/I stores the least significant byte of a wortlieaat the lowest
memory address. Bit values are stored left-justjfand if the
precision is not exactly 8 or 16 bits, the bitshe right are
ignored.

Figure B-5 shows the storage for the bit-stringstant values
'"1'b, 'A0'b4, and '1234'b4 in both single- and detkyte
locations. Each boxed value represents a byte.
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BIT(8) BIT(16)

F-1-0 0-070 070~fl 00000000 1T-00-07-07M0
BIT(8) BIT(16)

F1.0_10 00 0 0O~ 10000 000011010 00001
BIT(8) BIT(16)

N/A 1 0011 010010001 007170]
Figure B-5. Bit-string Data Representation
B.6 POINTER Data

PL/1-80 and PL/I-86 R1.0 store variables that pdevaccess to
memory addresses as two contiguous bytes. The tderbyte is
stored at the lowest memory address. POINTER t&tssiappear as
LS I MS

where LS denotes the least significant byte ofdthdress, and MS
denotes the most significant byte.

B.7 ENTRY and LABEL Data

PL/I-80 and PL/I-86 R1.0 store ENTRY and LABEL datatwo
contiguous bytes. The low-order byte is storedhatidwest memory
address. ENTRY and LABEL data items appear as

ILS | MS7

where LS denotes the least significant byte ofdthdress, and MS
denotes the most significant byte.

PL/1-86 RI.I allocates 8 bytes for ENTRY and LABHata items. The
8 bytes contain the following fields:

| Offsetl Code segment | stack Frame Istac

2 2 2 2

B.8 File Constant Representation
PL/I associates each file constant with a File Patar Block
(FPB). The FPB occupies 57 contiguous bytes coimivarious

fields, some of which are implementation dependent.
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Note: each file declaration causes a static aliocdor the
associated FPB. When you open the file, there edalitional
overhead for the operating system FCB and buffacespThe run
time system dynamically allocates this storage ftbenfree storage
area.

B.9 Aggregate Storage

PL/I stores aggregate data items contiguously ndtfiller bytes.
Bit data is always stored unaligned, but each dnitable starts on
a new byte. Arrays are stored in row-major ordéth the
rightmost subscript varying fastest.

For example, the declaration:

declare A(2,2,2);
results in the following storage allocation:
11,1,111211,221,2,111,2,212,1,11 2,1,2 1 2,2,112,27
low high

End of Appendix B
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Appendix C
| nterface Conventions

This appendix describes a standard set of convenfar
interfacing PL/I programs with assembly languaggires and with
programs written in other high-level languages.

Note: in this section PL/I applies to both PL/I-&8d PL/I-86
unless otherwise indicated.

C.1 Parameter Passing Using a Parameter Block

You can pass parameters between a PL/I prograraraagdsembly
language routine by loading a register pair wit akldress of a
Parameter Block containing pointer values. Theseteis in turn
lead to the actual parameter values. The numbgammeters and
the parameter length and type must be determinplicitty by
agreement between the calling program and callbrbstine. Figure
C-1 illustrates the concept. The address fieldsadv#rary.

Register Pair Parameter Block Parameters

HL (8080) 1000: 2000 a-2000: parameter
1000

i~ 3000

BX (808b) 4000 3000: parameter2

4000: parameter 3

500

5000 parameter 71

Figure C-1. PL/I Parameter Passing Mechanism

The following example illustrates this parametesgdag mechanism.
Suppose a PL/I program uses a considerable nurfilfileating-point
divide operations, where each division is by a poofgéwo.

Suppose also that the iterative loop where thesidins occur is
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speed-critical, and that it is useful to have sseawly language
subroutine to perform the division.

The assembly language routine simply decreasdsithey exponent
of the floating-point number for each power of timghe division.
Decreasing the exponent effectively performs tiwvéddi operation
without the overhead involved in unpacking the namperforming
the general division operation, and repacking &sailt. During

the division, the assembly language routine cadymre underflow,
and must signal the UNDERFLOW condition to the Ritbgram if this
occurs.

The following three listings show programs that destrate
parameter passing. Listing C-1 shows the prograe®IT, which tests
the division operation. Listing C-2 shows DIV2.ASMge 8080
assembly language subroutine that performs thsidivi On line 8,
DTEST defines DIV2 as an external entry constait wio
parameters: a FIXED(7) and a floating-point bineajue. Listing

C-3 shows DIV2.A86, which is the same subroutin8@86 assembly
language.

on each iteration of the DO-group, DTEST storeséisé value 100
into f (line 13), and passes it to the DIV2 subhoaitline 14).

At each call to DIV2, DTEST changes the value tf f/(2**i) and
prints it using a PUT statement. At the point df,dalVvV2

receives two addresses that correspond to the avaneters i and f.

Upon entry, DIV2 loads the value of i to the acclator, and sets
the appropriate register pair to point to the exgiiield of the
input floating-point number. If the exponent is@edIV2 returns
immediately, because the resulting value is zero.

Otherwise, the subroutine loops at the label dblfencounting
down the exponent as the power of two diminishezeto. If the
exponent reaches zero during this counting prod$& signals the
UNDERFLOW condition.

In DIV2, the call to ?signal demonstrates the asdgifanguage
format for parameters that use the interface. Hignal
subroutine is part of the PL/I Run-time Subroutifigrary (PLILIB) .

This subroutine loads the appropriate register \piir the address
of the Signal Parameter List, denoted by siglse Bhgnal
Parameter List, in turn, is a Parameter Block of faddresses
leading to the signal code sigcode, the signaladibsigsub, the
filename indicator sigfil (not used here) , and doiliary message
sigaux that is the last parameter.

The auxiliary message can provide additional infation when an
error occurs. The signal subroutine prints the agsaintil it
either exhausts the string length (32, in this asreencounters

a binary 00 in the string.
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Listing C-4 shows the abbreviated output from thi& program.
The loop counter i becomes negative when it reatB8sbut the
DIV2 subroutine treats this value as an unsignegdnitade value;
thus UNDERFLOW occurs when i reaches -123.

1 a

2 a [* This program tests an assembly languageneto
3 a /* do floating-point division.

4 a

5 a dtest:

6 b procedure options(main);

7 b declare

8 b div2 entry(fixed(7),float),

9 b i fixed(7),

10 b f float;

11 b

12 c doi=0hy1;

13 c f=100;

14 c call div2(i,f);

15 c put skip list('100 / 2
16 c end;

17 b

18 bL- end dtest;
Listing C-1. The DTEST Program
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title 'division by power of two'
public div2

extrn  ?signal

entry

pl fixed(7) power of two

;A = power of 2,

dby2: ;divide by two

floating-point number

(unchanged)
p2 / (2**pl)
mov  em
inx h
mov  d,m
inx h
Idax d
mov  em
inx h
mov d,m
xchg

;HL = low(.pl)
;low(.PI)
;HL = high(.pl)
;DE=pl
;HL = low(p2)
;a = pl (power of two)
;low(.p2)
;HL = high(.p2)
;DE= p2
HL= p2

HL = low byte of fp num

inx
inx
inx
inr
der
rz

ora
rz

der
der
jnz

33333

a
m
dby2

;to middle of mantissa
;to high byte of mantissa
;to exponent byte

;p2 already zero?
;return if so

;counted power of 2 to zero?
;return if so
;count power of two down
;count exponent down

;loop again if no underflow

;underflow occurred, signal underflow condition

siglst:  dw

Ixi
call
ret

dseg
sigcod

dw
dw
dw

h,siglst;signal parameter list
?signal

;signal underflow
;normally, no return

;address of signal code

sigsub

sigfil

sigaux

;address of subcode
;address of file code
;address of aux message

;end of parameter vector, start of params

sigcod: db
sigsub: db
sigfil:  dw
sigaux: dw
undmsg: db

3
128

0000

end

;03 = underflow
;arbitrary subcode for id

;no associated file name
undmsg ;0000 if no aux message
32,'Underflow in Divide by Two',0

Listing C-2. DIV2.ASK Assembly Language Program&8)
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Routine to divide single precision float value by 2

cseg
public
extrn

div2
?signal:near

fixed(7) power of two
floating point number

(unchanged)
p2 / (2**pl)
low(.pl)
mov si,[bx] ;SI= pl
mov bx,2[bx] ;BX = p2
lods al ;AL = pl (power of 2)

;AL = power of 2, BX = low byte of fp num

dby?2:

cmp
iz

test
iz
dec
sub
test
jnz

done

al,al
done
al

word ptr 2[bx|,80h
word ptr 2[bxl,7f80h

dby2

byte ptr 3[bx],O ;p2 already zero?
;exit if so
;divide by two

;counted power of 2 to zero?
;return if so

;count power of two down
;count exponent down
;test for underflow
;loop again if no underflow

;Underflow occurred, signal underflow condition

mov bx,offset siglst,-signal parameter list
call ?signal ;signal underflow
done: ret ;normally, no return
dseg
siglst  dw offset sigcod ;address of signal code
dw offset sigsub ;address of subcode
dw offset sigfil ;address of file code
dw offset sigaux ;address of aux message

;end of parameter vector, start of params

sigcod db
sigsub db
sigfil

sigaux dw
undmsg db

3

128

dw

offset undmsg

0000

;03 = underflow

;arbitrary subcode for id

;no associated file name
;0000 if no aux message

32,'Underflow in Divide by Two',0

end

Listing C-3. DIV2.A86 Assembly Language Program&8p
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A>dtest

100 2 0 = 1.000000E+02
100 2 1 = 5.000000E+01
100 2 2 = 2.500000E+01
100 2 3 = 1.250000E+01
100 2 4 = 0.625000E+01
100 2 5 = 3.125000E+00
100 2 6 = 1.562500E+00
100 2 7 = 0.781250E+00
100 2 8 = 3.906250E-01
100 2 9 = 1.953125E-01
100 2 10 = 0.976562E-01
100 2 127 = 0.587747E-36
100 2 -128 = 2.938735E-37
100 2 -127 = 1.469367E-37
100 2 -126 = 0.734683E-37
100 2 -125 = 3.673419E-38
100 2 -124 = 1.836709E-38
100 2 -123 = 0.918354E-38
100 2 -122 = 4.591774E-39

UNDERFLOW (128), Underflow in Divide By Two
Traceback: 017F 011B
A>

Listing C-4. DTEST Output (Abbreviated)
C.2 Returning Valuesin Registersor on the Stack

As an alternative to returning values through aaReter Block,
PL/I has subroutines that produce function valhes are then
returned directly in the registers or on the stddks section
shows the conventions for returning data as funativalues.
References to 8086 registers are in parentheses.

C.2.1 Returning FIXED BINARY Data

Functions that return FIXED BINARY data items dotsoleaving the
result in a register, or register pair, dependipgruthe precision
of the data item.

PL/I returns FIXED BINARY data with precision 1-i the A(AL)
register, and data with precision 8-15 in the HL}B&gister pair.
It is always safe to return the value in HL (BX3nd copy the low
order byte to A(AL) so register A(AL) is equal tegister L(BL)
upon return.

C-6



PL/I Reference Manual C.2 Using Registers or tlaelSt
C.2.2 Returning FLOAT BINARY Data

PL/I-80 R1.4 returns single-precision, floating+mtanumbers on the
stack as four contiguous bytes in the Microsoftrfat. The low
order byte of the mantissa is at the top of thekstillowed by

the middle byte, then the high byte. The fourtheligtthe

exponent of the number. The high-order bit of thentissa is the
sign bit.

For example, the value 1.5 is returned as

10010014018 (low stack)
t
SP

PL/1-86 R1.0 returns single-precision, floating4ptanumbers on the
stack as four contiguous bytes in the IEEE forrae low-order
byte of the mantissa is at the top of the stadlovi@d by the

middle byte, then the high byte. The high-ordeiidbthe sign

bit, and the low-order bit of the exponent is ie tligh-order byte

of the mantissa.

For example, the value 1.5 is returned as

LI
00,001C013F1 (low stack)

SP

PL/I-80 R1.4 and PL/I-86 RL.| return double-preaisi floating
point numbers as eight contiguous bytes on th&sidwe low-order
byte of the mantissa is at the top of the stacle &ponent
occupies three nibbles: the eighth byte, and thb-birder nibble

of the seventh byte.

For example, the value -39.5 is returned as

LOO --C0431CO  (low stack)

*~001001

SP

C.2.3 Returning FIXED DECIMAL Data

PL/I returns FIXED DECIMAL data on the stack asdhtiguous bytes.
The low-order BCD pair is at the top of the statke number is
represented in ten's complement form, and signaelei@ through the
high-order digit position, with a positive sign a¢ed by 0, and a
negative sign denoted by 9.

For example, PL/I returns the decimal number -2 as
19819919919~ 91 (low stack) ->

SP
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C.2.4 Returning CHARACTER Data

PL/I-80 and PL/I-86 R1.0 return CHARACTER data iteon the stack,
with the length of the string in a register. Foample, the

string

'Walla Walla Wash'

is returned as shown:

A (8080)

-Ts

-Ta h] (low stack)

Fl_0~ bJWJaJldlJaFW [W T
AL (8086)

SP

where register contains the string length 10 (hegiual), and the
Stack Pointer SP addresses the first charactéeistting.

PL/1-86 RI.I returns CHARACTER data items on thacétas varying
length string with the 4-byte length field firsioiFexample, the
string:

'Walla Walla Wash'

is returned as

110100100100 - I_WJaJlJlJaJ (low stack)
f

SP

C.2.5 Returning BIT Data

PL/I returns bit-string data in a register, or stgf pair,
depending upon the precision of the data item.

PL/I returns bit strings of length 1-8 in the A(Atggister, and
bit strings of length 9-16 in the HL(BX) registeaip Bit strings
are left justified in their fields, so the BIT(Iplue true is
returned in the HL(BX) register as 80 (hexadecim#i)s safe to
return a bit value in the HL(BX) register pair azmpy the high
order byte in A(AL), so register A(AL) is equal tegister H(BH)
upon return.

C.2.6 Returning POINTER Variables

PL/1-80 and PL/I-86 return POINTER variables in thie(BX) register
pair. When returning a label variable that canHmetarget of a
GOTO operation, the subroutine containing the laest restore the
stack to the proper level when control reachedahel.
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C.2.7 Returning ENTRY and LABEL Variables

PL/I-80 R1.4 and PL/I-86 R1.0 return ENTRY and LAB#ariables in
the HL(BX) register pair. When returning a labetiable that can

be the target of a GOTO operation, the subroutim¢aining the

label must restore the stack to the proper levantontrol

reaches the label.

PL/I-86 R1.1 returns ENTRY and LABEL variables te tstack as 8
contiguous bytes. The low-order byte is at thedbghe stack.
Offseti Code segment | Stack Framel Stack (lowigtac

f

bil

The following program listings illustrate the coptef returning a
functional value. Listing C-5 shows the programleshFDTEST that

is similar to the previous floating-point dividesteHowever,

FDTEST includes an entry definition for an assenibhguage
subroutine called FDIV2 that returns the resultlenstack.

Listing C-6 shows FDIV2.ASM in 8080 assembly langeiaand Listing
C-7 shows FDIV2.A86, the same routine in 8086 asdgianguage.

FDIV2 resembles the previous subroutine DIV2 witime minor
changes. First, FDIV2 loads the input floating-piaialue into the
BC(CX) and DE(DX) registers so that it can manipeila temporary
copy and not effect the original input value. FDIWi2n decreases
the exponent field in register B(CH) by the inpatint, and returns
it on the stack before executing the PCHL instarcti

1 a

2 a /* This program tests the assembly languaggne */
3 a [* called FDIV2 which returns a FLOAT BINARYalue.
4 a

5 a fdtest:

6 b procedure options(main);

7 b declare

8 b fdiv2 entry(fixed(7),float) returns(float),

9 b i fixed(7),

10 b f float;

11 b

12 c doi=0hby1;

13 c put skip list("100 / 2 **i,'=",fdiv2(DD));

14 c end;

15 b

16 b end fdtest;

Listing C-5. The FDTEST Program
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title 'div by power of two (function)’

public fdiv2

extrn  ?signal

entry

pl fixed(7) power of two

p2 floating-point number

exit:

pl (unchanged)

p2 (unchanged)

stack: p2 (2 * pl)

fdiv2 ;HL = low(.pl)
mov e,m ;low(.pl)
inx h ;HL = high(.pl)
mov d,m ;DE = pl
inx h ;HL = low(p2)
Idax d ;a = pl (power of two)
mov e,m ;low(.p2)
inx h ;HL = high(.p2)
mov d,m ;DE =p2
xchg HL = p2

A = power of 2, HL = low byte of fp num

mov e,m
inx h
mov d,m
inx h
mov C'm
inx h
mov b,m
inr b
dcr b

iz fdret

dby2: ;divide by two

ora a

iz fdret
der a
dcr b
jnz dby2

:E = low mantissa
:to middle of mantissa
:D = middle mantissa
;to high byte of mantissa
;C = high mantissa
;to exponent byte
;B = exponent
:B =007
:becomes 00 if so

;to return from float div

;counted power of 2 to zero?
;return if so
;count power of two down
;count exponent down
;loop again if no underflow

;underflow occurred, signal underflow condition

Ixi h,siglst

call ?signal

Ixi b,0

Ixi d,0
fdret: pop h

push b

push d

pchl

;signal parameter list
;signal underflow
;Clear to zero
;for default return
;recall return address
;save high order fp num
;save low order fp num
;return to calling routine

Listing C-6. FDIV2.ASK Assembly Language Prograro&8)
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dseg
siglst:  dw sigcod ;address of signal code
dw sigsub ;address of subcode
dw sigfil  ;address of file code
dw sigaux ;address of aux message

;end of parameter vector, start of params

sigcod: db 3 ;03 = underflow
sigsub: db 128 ;arbitrary subcode for id
sigfil:  dw 0000 ;no associated file name
sigaux: dw undmsg ;0000 if no aux message
undmsg: db 32,'Underflow in Divide by Two',0

end

Listing C-6. (continued)

;Division by power of two (function)

cseg

public fdiv2

extrn  ?signal:near

entry

pl fixed(7) power of two

p2 floating point number

exit:

pl (unchanged)

p2 (unchanged)

stack: p2 (2 * pl)

fdiv2: ;BX = low(.pl)
mov si,[bxI ;SI= pl
lods al ;AL = pl (power of 2)

mov bx,2[bx] ;BX = p2

;AL = power of 2, BX = low byte of fp num

mov dx,[bxl ;DX = low and middle mantissa
mov cx,2[bx] ;CL = high mantissa, CH = exponent

test cx,7f80h ;exponent zero?
jz fdret ;to return from float div

Listing C-7. FDIV2.A86 Assembly Language Prograr@gg)
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dby?2: ;divide by two
test al,al ;counted power of 2 to zero?
iz fdret ;return if so
dec al ;count power of two down
sub cx,80h ;count exponent down
test cx,7f80h ;test for underflow
jnz dby2 ;loop again if no underflow

;Underflow occurred, signal underflow condition

mov bx,offset siglst;signal parameter list
call ?signal ;signal underflow
sub cx,cx  ;clear result to zero for defauluret
mov  dx,cx
fdret:  pop bx ;recall return address
push cX ;save high order fp num
push dx ;save low order fp num
imp bx ;return to calling routine
dseg
siglst  dw offset sigcod ;address of signal code

dw offset sigsub ;address of subcode
dw offset sigfil ;address of file code
dw offset sigaux ;address of aux message

;end of parameter vector, start of params

sigcod db 3

:03 = underflow

sigsub db 128 ;arbitrary subcode for id
sigfil  dw 0000 ;no associated file name

sigaux dw offset undmsg ;0000 if no aux message
undmsg db 32,'Underflow in Divide by Two',0

end
Listing C-7. (continued)
C.3 Direct Operating System Function Calls

You can have direct access to all the operatinggsy$unctions
through the optional subroutines in assembly lagguaograms that
are included in source form on your PL/I samplegpam disk. The
sample program disk also contains the file RELNOHERN which
describes these assembly language programs anglisei programs
that test the various function calls.

The subroutines in these programs are not includéte standard
PLILIB because specific applications might requihanges to the
system functions that either remove operationetorehse space or
alter the interface to a specific function. If theerface to a
function changes, you must change the entry poiavbid
confusion.

End of Appendix C

C-12



Appendix D
Compiler Options

Table D-1 lists the compiler options and givesiaftitescription
of their use. In each case, the single-letter ogfadlows the $
symbol in the command line. You can specify a maximof seven
options following the dollar sign. The default magsng no
options compiles the program but produces no sdistieg and
sends all error messages to the console.

Table D-1. PL/I Compiler Options
Option Action Enabled

A Abbreviated listing. Disables the listing of
parameter and %INCLUDE listings statements during
the compiler's first pass.

B Built-in subroutine trace. Shows the Run-time
Subroutine Library functions that are called by ryou
PL/I program.

D Disk file print. Sends the listing file to disk,
using the filetype PRN.

I Interlist source and machine code. Decodes the
machine language code produced by the Compiler in a
pseudo-assembly language form.

K Same as A. (8080 implementations)

L List source program. Produces a listing of the
source program with line numbers and machine code

locations (automatically set by the | switch).

N Nesting level display. Enables a pass 1 trade tha
shows exact balance of DO, PROCEDURE, and BEGIN
statements with their corresponding END statements.

0] Object code off. Disables the output of relocktab
object code normally produced by the Compiler.

P Page mode print. Inserts form-feeds every 6GJine
and sends the listing to the printer.

S Symbol Table display. Shows the program variable
names, along with their assigned, defaulted, and

augmented attributes.

End of Appendix D
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Appendix E
Error Messages and Condition Codes

PL/I can detect two kinds of errors: compilatioroes and run-time
errors. The compiler marks each compilation erribin & ?
character near the position of the error in the,land an error
message following the line containing the errore Phmight follow
the actual error position by a few columns. In s@ases, an error
on one line can lead to errors on subsequent lines.

PL/I categorizes errors as either recoverable aremverable.
Most compilation errors are recoverable, and thepiter continues
processing the source file. However, some compitagirrors are
nonrecoverable. The compiler stops processing antta
immediately returns to the operating system.

The run-time system detects errors while the pmogsarunning.

Most run-time errors are recoverable if intercegigédn ON-unit.
However, some run-time errors are nonrecoveralfie.pfogram stops
and control immediately returns to the operatingfemy.

This appendix lists the error messages that appesach
implementation. The errors are listed in the foilogvorder:

. General errors
. Compilation errors (by pass)
. Run-time errors

Note: all nonrecoverable errors are marked withsterisk.
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E.1 PL/I-80 RIA and PL/I-86 R1.0
Table E-1. General Errors

Error  Description

DIR FULL*
There is no more space available in the
operating system's disk directory. You
should erase all unnecessary files and try
again.

DISK FULL*
There is no more disk file space
available. You should erase all
unnecessary files and try again.

INVALID INCLUDE
There is a syntax error in an %INCLUDE
statement. The %INCLUDE statement has the
general form
%include 'd:filename.typ’;
where d is the (optional) drive, and
filename.typ is the file specification.

LENGTH
The item exceeds the maximum field width
for the keyword or data item (31
characters for identifiers, 128 for
strings).

NO FILE x*
The file x is not on the disk. If x is of
type PLI, then ensure that your source
file is on the named disk. If the type is
OVR, or OVL, then ensure that all three
PL/I compiler overlays (PLIO, PLI1, PL12)
are on the default disk.

E-2
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Table E-1. (continued)

Error  Description

OUT OF MEMORY

The size of your system's Transient
Program Area (TPA) is too small. You must
re-configure the system.

READ ONLY X*

PL/I cannot close the file named x. This

is typically caused by disk that is set to
Read-Only through hardware.
TERMINATED.*

The number of compilation errors exceeds

255, or the compilation has been
terminated at the console by the user.



TRUNC

A line exceeds 120 characters in length
and has been truncated.

UNEXPECTED EOF*

The compiler has encountered the end of
the source program before the logical end
of program. This is typically due to
unbalanced block levels (recompile with
the $n option for a nesting trace) , or
unbalanced comments and strings (check
balance for missing */ or apostrophe
characters).

VALUE

Indicates that the converted number
exceeds the 16-bit capacity for FIXED
BINARY constants (-32768, +32767).
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Table E-2. Compilation Errors
Pass 1 Errors

Error  Description

BAD VAL
The constant encountered in a format is
invalid for this format item.

BALANCE
The left and right parentheses for the
expression are not balanced.

BLOCK AT LINE X VARIABLE v EXCEEDS STORAGE
The block beginning at source line x
contains a variable v that caused the
collective allocation of storage to exceed
65535 bytes.

BLOCK OVERFLOW
The nesting level of PROCEDURE, DO, and
BEGIN blocks exceeds thirty-one levels.
You must simplify the program structure
and try again.

CONFLICT
The data attributes given in a DECLARE
statement conflict with one another.

DUPLIC
The indicated variable is declared more
than once within this block.

LABEL
The label for this statement is not
properly formed. Only one label per
statement is allowed, and subscripted
label constants must have constant
indices.
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Table E-2. (continued)

Error  Description

LENGTH
The length of the indicated symbol exceeds
the maximum symbol size. You must
simplify the structure and try again.
This error can also be caused by an
unbalanced string.

NESTED REP
The %REPLACE statement is improperly
placed in the block structure. All
%REPLACE statements must occur at the
outer block level before the occurrence of
nested inner blocks.

NO DCL: vl, V2, ...vn
The listed procedure parameters occurs in
the procedure header, but are not declared
within the procedure body.

NOT BIF
The BUILTIN attribute is applied to an
identifier that is not a PL/I built-in
function.

NOT IMP
The statement uses a feature that is not
implemented in PL/I.

NOT VARIABLE
The declared name is treated as a
variable, but does not have the VARIABLE
attribute.
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Table E-2. (continued)

Error  Description

NUMBER
A numeric constant is required at this
position in the format.

ON BODY
An invalid statement occurs in the ON
condition body. You cannot use a RETURN
statement to exit from an ON-unit. DO and
IF statements require an enclosing
BEGIN ... END block.

PICTURE
There is a syntax error in a Picture
specification or P format item.

RECUR PROC
A recursive procedure contains an invalid
nested block. Only embedded DO-groups are
allowed in recursive procedures.

STRUCTURE
The indicated structure is improperly
formed. Nesting levels cannot exceed 255.

SYMBOL LENGTH OVERFLOW

The maximum symbol size is exceeded during

construction of the Symbol Table entry.

You must simplify the program and try

again.

SYMBOL TABLE OVERFLOW?*

This program cannot be compiled in the

current memory size. You must break the

module into separate compilations, or

increase the size of the TPA on your

system.
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Table E-2. (continued)

Error  Description

SYNTAX
There is a syntax error in the specified
statement. See the appropriate section of
the PL/I Language Reference Manual for
proper syntax.
Pass 2 Errors

AGG VAL
The actual parameter is an aggregate value
that does not match the formal parameter.
Change the actual or formal parameter to
match.

ARG COUNT
One of the following errors occurs: a
subscript count does not match the
declaration; there is a DEFINED reference
to an array element; there are more than
15 bound pairs; some bound pairs do not
match; or the formal and actual parameter
count does not match.

BASE
There is an invalid based variable
reference. This can occur when a pointer
qualifier references a nonbased variable,
or when a variable is declared BASED(X),
where x is not a simple pointer variable
or simple pointer function call, as in
BASED(P) or BASED(QO0).

BASED REQ
A based variable is required in this
context.
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Table E-2. (continued)

Error  Description

BAD TYPE
The control variable in an iterative DO
group is invalid. Only scalar variables
are allowed.

BAD VALUE
There is an invalid argument to a built-in
function.

BALANCE
The left and right parentheses for this
expression are unbalanced.

BIT CON
A bit substring constant is out of range.
The third argument to bit SUBSTR must be a
constant in the range 1 to 16.

BIT REQ
A bit expression is required in this
context.

CLOSURE
The label following the END does not match
the name on the corresponding block.

COMP REQ
A noncomputational expression is used
where a computational expression is
required.

COMPILER
A compiler error has occurred. The error
might be due to previous errors.
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Table E-2. (continued)

Error  Description

CONFLICT
Data attributes are in conflict, or the
attributes in an OPEN statement are not
compatible.

CONVERT
The compiler cannot convert the constant
to the required type.

EXPRESSION OVERFLOW*
The expression overflows the compiler's
internal structures. You must simplify
the program and try again.

ID REQ
An identifier is required in this context.

INT REQ
An integer (FIXED BINARY) expression is
required in this context.

LABEL
An improperly formed label is encountered
where a label is expected.

NO BUILTIN
The referenced built-in function is not
implemented in PL/I.

NO DCL
The indicated variable is not declared in
the scope of this reference.

E-9



PL/I Reference Manual PL/I-80 R1.4 and PL/I-86 R1.0
Table E-2. (continued)

Error  Description
NOT FILE
The reference within a FILE Option is not
a file variable or file constant.
NOT FORMAT
The format field of a GET or PUT EDIT
statement does not reference a format.
NOT IMP
The construct in this statement is not
implemented in PL/I.
NOT KEY
The expression within a KEYTO, KEYFROM, or
KEY option is not a FIXED BINARY variable.
NOT LABEL
The target of this GOTO statement is not a
label value.
NOT PROC
The reference following the keyword CALL
is not a procedure value.
NOT SCALAR
A nonscalar value is encountered in a
context requiring a scalar expression.
NOT STATIC
An attempt is made to initialize automatic
storage. You must declare the variable
with the STATIC attribute and try again.
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Table E-2. (continued)

Error  Description

PTR REQ
A pointer variable is required in this
context.

IFY

This reference to a structure does not
properly qualify the variable name. This
is usually due to a nonunique substructure
reference.

RET EXP
The expression in a RETURN statement is
not compatible with the RETURNS attribute
of the corresponding procedure.

RETURN
An attempt is made to return a value from
a procedure without the RETURNS attribute.

SYNTAX
There is a syntax error in this statement.
See the appropriate section of the PL/I
Language Reference Manual for the proper
syntax.

SCALE GREATER THAN O

The resulting FIXED BINARY expression

produces a nonzero scale factor. If the

expression involves division, you must

replace x/y by DIVIDE (x, y, 0) . This

replacement is necessary to maintain full

language compatibility.

SYMBOL TABLE OVERFLOW*

The free memory space is exhausted during

compilation. (See similar error in Pass 1.)
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Table E-2. (continued)

Error  Description

STR REQ
A string variable is required in this
context. In the case of the SUBSTR built
in function, you must assign the
expression to a temporary variable before
the substring operation takes place.

TYPES NOT=
The types of a binary operation are not
compatible. You can check all
declarations and review the conversion
rules (Section 4). This error might be
due to aggregate data items that do not
match in structure.

UNSPEC
The source or target of an UNSPEC
operation is not an 8- or 16-bit variable.

# VALUES
The number of items specified in an
INITIAL statement is not compatible with
the variable being initialized.

VAR REQ
A variable is required in this context.
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Table E-2. (continued)

Error  Description

Pass 3 Errors

*»**AUTOMATIC STORAGE OVERFLOW***

The total storage defined within this
program module exceeds 65535 bytes.

BAD INT FILE

The intermediate file sent to Pass 3 is
invalid. This is usually due to a
hardware malfunction.

BLOCK OVERFLOW

The nesting level has exceeded the
compiler's internal tables (maximum 32
levels).

EOF ON INT FILE

The compiler encounters a premature end
of-file while reading the intermediate

file. This error is usually due to a
hardware failure.

EXPRESSION OVERFLOW*

The compiler's internal structure sizes
are exceeded. You must simplify the
expression and try again.

LINE x OPERATION NOT IMPLEMENTED
An invalid intermediate operation occurs.
This error is usually due to a hardware

failure or errors in a previous pass.
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Table E-3. Run-time Errors

Error  Description

Non-recoverable Run-time Errors

FREE REQUEST OUT OF RANGE

A FREE statement specifies a storage
address outside the range of the free
storage area. This is usually caused by a
reference to an uninitialized base
pointer.

FREE SPACE OVERWRITE

The free storage area is overwritten.

This error is usually caused by an out-of
range subscript reference or a stack
overflow. If stack overflow occurs, use

the STACK(n) keyword in the OPTIONS field
to increase the stack size, and try again.

INSUFFICIENT MEMORY

The loaded program cannot run in the
memory size allocated. If possible,
increase the size of the Transient Program
Area.

INVALID I/O LIST

The list of active files is overwritten
while the program is running, and the
attempt to close all active files fails.
This is usually due to subscript values
out-of-range.

Recoverable Run-time Errors

PL/I prints the following errors when no ON-unit is
enabled, or if control returns from an ON-unit
corresponding to a nonrecoverable condition (malkedn
asterisk). In each case, the condition prefixsted,
followed by an optional subcode that identifies ¢neor
source, followed in some cases by an auxiliary agss
that further identifies the source of the error.
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Table E-3. (continued)

Error  Description

ERROR(l) "Conversion"

This error occurs whenever the run-time
system cannot perform the required
conversion between data types. This error
can be signaled during arithmetic
operations, assignments, and 1/0
processing with GET and PUT statements.

ERROR(2) "I/O Stack Overflow"

The run-time 1/O stack exceeds 16,
simultaneous, nested I/O operations. You
must simplify the program and try again.

ERROR(3) A transcendental function argument is out
of-range.

ERROR(4) "I/O Conflict "

A file is explicitly or implicitly opened
with one set of attributes, and
subsequently accessed with a statement
requiring conflicting attributes. The
value of x is one of the following:

STREAM/RECORD
SEQUEN/DIRECT
INPUT/OUTPUT
KEYED Access

The first conflict arises when ASCII files

are processed using READ or WRITE, but the
INTO or FROM option does not specify a
varying character string.
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Table E-3. (continued)

Error  Description

ERROR(5) "Format Overflow"

The nesting level of embedded formats
exceeds 32. You must simplify the program
and try again.

ERROR(6) "Invalid Format Item"
The format processor encounters a format
item that cannot be processed. The P
format is not implemented in PL/I.
ERROR(7) "Free Space Exhausted"
No more free space is available. If you
intercept this error with an ON-unit, do

not execute an ALLOCATE, OPEN, or
recursion without first releasing storage.

ERROR(8) "OVERLAY, NO FILE d:filename"
The overlay manager cannot find the

indicated file.

ERROR(9) "OVERLAY, DRIVE d:filename"

An invalid drive code is passed as a

parameter to an overlay.

ERROR(10) "OVERLAY, SIZE d:filename"
The indicated overlay is too large and
overwrites the PL/I stack and/or free

space if loaded.

ERROR(11) "OVERLAY, NESTING d:filename"
Loading the indicated overlay exceeds the
maximum nesting depth.

ERROR(12) "OVERLAY, READ d:filename"
There has been a disk read error while

loading an overlay. This is probably

caused by a premature EOF.

--IN
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Table E-3. (continued)

Error  Description

ERROR(13) "Invalid OS Version"

Any operation that generates an operating
system call not supported under the
current operating system causes this
error.

ERROR(14) "Unsuccessful Write"

Any unsuccessful write operation on a file
due to lack of directory space, lack of
disk space, and so on, cause this error.

ERROR(15) "File Not Open"

Any attempt to lock or unlock a record in
a file that is not open causes this error.

ERROR(16) "File Not Keyed"

Any attempt to lock or unlock a record in
a file that does not have the KEYED
attribute causes this error.

FIXEDOVERFLOW

A decimal operation produces a value
exceeding 15 decimal digits of precision,
or an attempt is made to store to a
variable with insufficient precision.

OVERFLOW(l)

A floating-point operation produces a
value too large to be represented in
floating-point format.

OVERFLOW(2)

A double-precision, floating-point value
is assigned to a single-precision value

with insufficient precision.
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Table E-3. (continued)

Error  Description
UNDERFLOW (1)
A floating-point operation produces a
value too small to be represented in
floating-point format.
UNDERFLOW (2)
A double-precision, floating-point value
is assigned to a single-precision value
with insufficient precision.
ZERODIVIDE(l)
A decimal divide or modulus operation is
attempted with a divisor of zero.
ZERODIVIDE(2)
A floating-point divide or modulus
operation is attempted with a divisor of
zero.
ZERODIVIDE(3)
An integer divide or modulus operation is
attempted with a divisor of zero.
ENDFILE
An attempt is made to read past the end of
the listed file, or the disk full
condition occurs during output.
UNDEFINEDFILE
If this error occurs on input, the run
time system cannot find the named file on
the disk, or an input device is opened for
output. If the error occurs on output,
the run-time system cannot create an
output file, or an output device is opened
for input.
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Table E-3. (continued)

Error  Description

KEY(l)
An invalid key is detected in an output
operation.

KEY(2)
An invalid key is encountered during an
input operation.

ENDPAGE
An end-of-page condition is detected.
This condition does not cause termination
if no ON-unit is active.

E.2 PL/I-86 RI.I and PL/I-86 R1.0 under DOS

In PL/I-86 RI.I and PL/I-86 R1.0 under DOS, the gulation error
messages in Pass 3, and the run-time error mesaagigkentical to
those in PL/I-80 R1.4 and PL/I-86 R1.0. Howeveeréhare new
error messages in Pass 1 and Pass 2. The text imeth error
messages makes them self-explanatory.

The mechanism for finding and reporting errordse ¢he same.
That is, the compiler marks each compilation ewith a ?
character near the position of the error in the,land an error
message following the line containing the errore Phmight follow
the actual error position by a few columns. In saases, an error
on one line can lead to errors on subsequent lines.

E.3 Condition Categories and Codes

The condition categories describe the various ¢mmdi that the
run-time system can signal or that your programsignal by
executing a SIGNAL statement.

There are nine major condition categories with sdes, some of
which are system-defined, and some of which youdwdime yourself.
Table E-4 shows the predefined subcodes.
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Condition Categories @ades

Table E-4. PL/I Condition Categories and Subcodes

Type Meaning

ERROR

ERROR(O) Any ERROR subcode
ERROR(I) Data conversion
ERROR(2) I/O Stack overflow
ERROR(3) Function argument invalid
ERROR(4) I/0 Conflict

ERROR(5) Format stack overflow
ERROR(6) Invalid format item
ERROR(7) Free space exhausted
ERROR(8) Overlay error, no file
ERROR(9) Overlay error, invalid drive
ERROR(10) Overlay error, size
ERROR(11) Overlay error, nesting
ERROR(12) Overlay error, disk read error
ERROR(13) Invalid OS call
ERROR(14) Unsuccessful Write
ERROR(15) File Not Open
ERROR(16) File Not Keyed

FIXEDOVERFLOW

FIXEDOVERFLOW(O) Any FIXEDOVERFLOW subcode
OVERFLOW

OVERFLOW(O) Any OVERFLOW subcode
OVERFLOW(l) Floating-point operation

OVERFLOW(2) Float precision conversion

UNDERFLOW

UNDERFLOW(O) Any UNDERFLOW subcode
UNDERFLOW(I) Floating-point operation
UNDERFLOW(2) Float precision conversion
ZERODIVIDE

ZERODIVIDE(O) Any ZERODIVIDE subcode
ZERODIVIDE(l) Decimal divide

ZERODIVIDE(2) Floating-point divide
ZERODIVIDE(3) Integer divide

ENDFILE

UNDEFINEDFILE

KEY

ENDPAGE

_1*11
End of Appendix E
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Appendix F

ASCII| and Hexadecimal Conversions

ASCII stands for American Standard Code for Infaiioralnterchange.
The code contains 96 printing and 32 nonprintingrabters used to
store data on a disk. Table F-1 defines ASCII symand Table F

2 lists the ASCII and hexadecimal conversions. fElie includes

binary, decimal, hexadecimal, and ASCII conversions

Table F-1. ASCII Symbols

Symbol Meaning
acknowledge

ACK
BEL
BS
CAN
CR
DC
DEL
DLE
EM
ENQ
EOT
ESC
ETB
ETX
FF

F-1

cancel

Symbol Meaning

bell
backspace
LF
carriage return
device control
delete
data link escape Sl
end of medium
enquiry
end of transmission
escape
end of transmission
end of text
form-feed

FS

file separator

GS group separator
HT horizontal tabulation
line-feed
NAK negative acknowledge
NUL  null
RS record separator
shift in
SO shift out
SOH start of heading
SP space
STX start of text
SuUB substitute
SYN synchronous idle
us unit separator
VT vertical tabulation
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ASCII Conversions

Table F-2. ASCII Conversion Table

Binary Decimal Hexadecimal

0000000 0
0000001 1
0000010 2
0000011 3
0000100 4
0000101 5
0000110 6
0000111 7
0001000 8
0001001 9
0001010 10
0001011 11
0001100 12
0001101 13
0001110 14
0001111 15
0010000 16
0010001 17
0010010 18
0010011 19
0010100 20
0010101 21
0010110 22
0010111 23
0011000 24
0011001 25
0011010 26
0011011 27
0011100 28
0011101 29
0011110 30
0011111 31
0100000 32
0100001 33
0100010 34
0100011 35
0100100 36
0100101 37
0100110 38
0100111 39
0101000 40
0101001 41
0101010 42
0101011 43
0101100 44
0101101 45
0101110 46
0101111 47
0110000 48
0110001 49
0110010 50

F-2

ACI|

0
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NUL
SOH  (CTRL-A)

STX (CTRL-B)

ETX (CTRL-C)

EOT  (CTRL-D)

ENQ (CTRL-E)

ACK (CTRL-F)

BEL (CTRL-G)

BS (CTRL-H)
HT (CTRL-)
LF (CTRL-J)
VT (CTRL-K)
FF (CTRL-L)
CR (CTRL-M)
o) (CTRL-N)
s (CTRL-0)
DLE (CTRL-P)

DC1  (CTRL-Q)

DC2  (CTRL-R)

DC3  (CTRL-S)

DC4  (CTRL-T)

NAK (CTRL-U)

SYN (CTRL-V)

ETB  (CTRL-W)

CAN (CTRL-X)

EM (CTRL-Y)
SUB  (CTRL-2)

ESC  (CTRL-)

FS (CTRL-)
GS (CTRL-])
RS (CTRL-")
us (CTRL--)
(SPACE)

|

#

$

%

&

(

)

*

+

/

0

1

2
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Table F-2. (continued)

Binary Decimal Hexadecimal ACII

0110011 51 33
0110100 52 34
0110101 53 35
0110110 54 36
0110111 55 37
0111000 56 38
0111001 57 39
0111010 58 3A
0111011 59 3B
0111100 60 3C
0111101 61 3D
0111110 62 3E
0111111 63 3F
1000000 64 40
1000001 65 41
1000010 66 42
1000011 67 43
1000100 68 44
1000101 69 45
1000110 70 46
1000111 71 a7
1001000 72 48
1001001 73 49
1001010 74 4A
1001011 75 4B
1001100 76 4C
1001101 77 4D
1001110 78 4E
1001111 79 4F
1010000 80 50
1010001 81 51
1010010 82 52
1010011 83 53
1010100 84 54
1010101 85 55
1010110 86 56
1010111 87 57
1011000 88 58
1011001 89 59
1011010 90 5A
1011011 91 5B
1011100 92 5C
1011101 93 5D
1011110 94 5E
1011111 95 5F
1100000 96 60
1100001 97 61
1100010 98 62
1100011 99 63
1100100 100 64

F-3
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Table F-2. (continued)

Binary Decimal Hexadecimal

1100101
1100110
1100111
1101000
1101001
1101010
1101011
1101100
1101101
1101110
1101111
1110000
1110001
1110010
1110011
1110100
1110101
1110110
1110111
1111000
1111001
1111010
1111011
1111100
1111101
1111110
1111111

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

End of Appendix F
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ASCII Conversions

ACII

65
66
67
68
69
6A
6B
6C
6D
6E
6F
70
71
72
73
74
75
76
77
78
79
TA
7B
7C
7D
7E
7F
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Appendix G
PL/l Bibliography

This appendix lists several PL/I programming refesebooks. Some
are introductory textbooks for classroom use, whileers are more
advanced applications guides. Each referencelmifed by a short
description of the general content. You can ohtta&se books
through your local bookstore, or order them digefribm the
publisher.

Although there are books now being prepared thatipally cover
PL/I Subset G, the books listed here cover sulssetis as PL/C and
SP/k- or the full IBM implementations of PL/I. Tktatement forms
of PL/C and SP/k are usually included in the Sulsdefinition
while full PL/I contains a number of language faigb excluded
from the subset. Therefore, be aware that diffe¥sman arise
even though the sample programs and definitions@stantially
the same.

Your own reference library might consist of Lynchtsok Computers,
Their Impact and Use which covers very general ésps computing
with introductory language details provided by Xenakis book.
Structured programming and program formulationrespnted by one
of the Conway books, such as Primer on StructuregrBmming.
Additional application programming details are giva the Hughes
book. Details of more advanced data structuregiaen in the
Augenstein book.

Readers are encouraged to critique the individaekb, and any
additional reference material they find useful. iBigResearch
appreciates your comments and suggestions so theamupdate this
list.

Augenstein, M., and A. Tenenbaum. Data StructunelsRd/|
Programming. Prentice-Hall, Inc., Englewood Cliffew
Jersey, 1979 (643p, Hardback, Typeset).

An advanced presentation of full PL/I. This is diege
textbook presenting the PL/I language through esef
progressive examples covering recursion, list (gsiog, trees
and graphs, sorting, searching, hash coding, amegst
management. An extensive bibliography is includadphasis
is upon implementing data structures using a suifdet|

PL/I that nearly matches subset G. Structured parogring is
not emphasized.

Bates, F., and M. Douglas. Programming Language/Brantice
Hall, Inc., Englewood Cliffs, New Jersey, 1970 (419
Paperback, Hand Typed).
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A simple introduction to PL/I. This book presentsdamental
elements of full PL/I, with some emphasis on conuiar
processing including structures, records, formgitand error
processing. Explanations are emphasized ratheretkeamples.
Structured programming is not emphasized.

Cassel, D. PL/I: A Structured Approach. Reston Rabig, Inc. ,
Reston, Virginia, 1978 (219p, Paperback, Typeset).

A middle level introduction to PL/I. A portion ofifl PL/I is
presented emphasizing batch processing and conaherci
applications. Language elements are clearly predebut
there is no particular emphasis on program fornareadr
proper structuring, as the title implies.

Clark, F. J. Introduction to PL/I Programming. Ailand Bacon,
Inc., Boston 1971 (243p, Paperback, Typeset).

A basic, self-study introduction to PL/I throughegsises.

This text presents a portion of full PL/I from aditional
card-oriented approach, starting with a discuseidvinary
numbers and continuing through the basic statetgpest to
simple STREAM and RECORD 1/O. Structured prograngmsinot
emphasized, although commercial processing exanapéegiven.

Conway, R. A Primer on Disciplined Programming. tknop
Publishers, Cambridge, Mass., 1978 (419p, PaperiGmkputer
Typed).

A textbook used for PL/C, Cornell University's @ietl of PL/I.
One of three college textbooks by Conway, etcalering
introductory programming, with emphasis on techegused to
formulate, develop, and test programs. Includestsho
discussions of searching and ordering lists, adioginstring
operations, and interactive systems. Emphasisda up
structured programming practices and programminghaeisms
rather than extensive examples of working programs.

Conway, R., and D. Gries. Primer on Structured Rnogning.
Winthrop Publishers, Cambridge, Mass., 1976 (3@aperback,
Computer Typed).

A book on structured programming centered arountCPL
Essentially the same content as the previous bgdkamway,
with perhaps more emphasis on the operation oPti€
programming system at Cornell.
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Conway, R., D. Gries, and D. Wortman. Introductiorstructured
Programming. Winthrop Publishers, Cambridge, Mds¥7,7
(420p, Paperback, Computer Typed).

A book on structured programming using Cornell's@and
Toronto's SP/k systems. Again, similar to Conwéss book
with the addition of sections on file processingg &anguage
translation using compilers and interpreters.

Groner, G. PL/I Programming in Technological Apptions. John
Wiley & Sons, New York, 1971 (230p, Paperback, Tsgip

An introduction to engineering applications prognaimg in

PL/I. This book discusses full PL/I, with examptésived

from batch processing under IBM implementationggiPam
formulation through flowcharting is presented, witlany
complete examples of scientific applications. Savekamples
of plot and graph generation are presented. Empisspon
explanations of FLOAT BINARY computations througbnaplete
examples. Programs are not particularly well ste.

Hughes, J. K. PL/I Structured Programming. Secdtitiom, John
Wiley & Sons, New York, 1979 (825p, Hardback, Tyg@s

A comprehensive guide to general PL/l programmirgs is one
of the more complete presentations of the full Parfiguage.
Topics include structured programming, processingpke data
items, record and file handling, and list procegsEmphasis

is toward commercial programming using IBM's PL/I.

Hume, J. N. P, and R. C. Holt. Structured ProgrargriJsing PL/I
and SP/k. Reston Publishing, Inc., Reston, Virglt8d5
(340p, Paperback, Computer Typed).

An introduction to structured PL/I programming. 3 iéxtbook
introduces PL/I through a graduated series of salrsdled
SP/1 through SP/8. Each successive subset incoggarore of
the full PL/I language. The text begins with bgmiogramming
concepts, and progresses through the various &hgliage
constructs. Sample programs include string and/draadling,
list processing, and file handling. machine langyagsembly
language, and compiling are also presented. Empisaspon
structured programming.
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Kennedy, M., and M. B. Solomon. Structured PL/ZBhas PL/One.
Prentice-Hall, Englewood Cliffs, New Jersey, 198%5p,
Paperback, Computer Typed).

A fairly comprehensive introduction to PL/I. Thisdk covers
the basic elements of PL/I in some detail, usingPfor
examples. IBM's PL/I Level F language is discudzaefly.
Most language facilities are well illustrated imgpie
examples.

Lynch, R. E., and J. R. Rice. Computers, Theirdot@nd Use.
Holt, Rhinehart and Winston, New York, 1978 (44Bpperback,
Typeset).

A basic introductory book to computers and PL/lisTik a
college textbook intended to introduce computers to
nontechnical people. Half the book gives an ovevaé
computers, their history, their impact upon sogiatyd how
they are used. Operating systems, languages, agddge
types are discussed. The remainder discusses IBMuBIhg a
variety of applications, ranging up to simple filleocessing.
Structured programming is not emphasized.

Ruston, H. Programming with PL/I. McGraw-Hill, Nevork, 1978
(541p, Paperback, Typeset).

A comprehensive textbook introduction to PL/I. Thaok
presents PL/I from a batch processing viewpoirihgithe full
PL/I language for examples. Program constructioough
flowcharting is emphasized. Elements of PL/I arespnted,
including simple statements, control structuremgya,
strings, procedures, and file handling. Exampla® lza
scientific orientation. Basics of error processing
discussed. Structured programming is not emphasized

Xenakis, J. J. Structured PL/I Programming. DuxiRirgss, North
Scituate, Mass., 1979 (413p, Paperback, Typeset).

A comprehensive introduction to PL/I, close to Sailf3. Basic
programming concepts are presented, with a brgbhi of
programming languages. Elements of full PL/I arevatn,
including conversion between data types, arrayisigst, and
procedures. A section on go-to-less programmirgcisided,
followed by a game-playing section that includég-dac-toe
program. The book is simple in scope and easyad.re

End of Appendix G
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Appendix H
Glossary

aggregate: Collection of related data items that you caerefice
together or individually.

algorithm: Any procedure consisting of a finite number of
unambiguous, repeatable steps that characterizothiéon of a
problem.

allocation: A) process of obtaining storage for a variabte, o
B) specific unit of storage that you obtain forased variable.

argument: Value that you pass to a subroutine or function.

argument list: Zero or more arguments that you specify when
invoking a procedure or a built-in function.

array: Named collection of data items with the samdhaites, and
in which you access individual items (elementskblyscripts.

ASCII character set: Set of numeric values that represent
characters and control information, establishedimgrican Standard
Code for Information Interchange.

assignment statement: Executable statement that assigns a value to
a variable.

attribute: Any characteristic of a data item, such as fixad-
floating-point, decimal or binary, extent, and $o o

automatic variable: Variable for which the compiler allocates
storage when the block that declares it is actd:afée storage
is released when the block is deactivated.

based variable: Variable that describes storage that you access
using a pointer.

BEGIN block: One or more statements delimited by a BEGIN siate
and a corresponding END statement. A begin blo@ntsred when
control reaches the BEGIN statement. When confoald into a
BEGIN block, PL/I creates a block activation foaiid for the
variables declared within it.

bit string: Zero or more binary digits (0 or 1).

block: Any sequence of PL/I statements delimited by ofthe
statement pairs PROCEDURE and END or BEGIN and END.

H-1



PL/I Reference Manual H Glossary

bound-pair: Expression that sets the number of elementsdh ea
dimension of an array.

built-in function: Any function provided as part of the PL/I
language.

character string: Zero or more ASCII characters.

comment: Any sequence of characters appearing betweecotimposite
pairs /* and */. Comments provide documentary tnd are ignored
by the compiler.

comparison operator: See relational operator.

compiler: Program that translates source statements gftalével
programming language into an object module. Theabjodule
consists of processor instructions and certaircegion
information that the linkage editor uses to forecoanmand file.

computational: Data type on which you can perform operationg Th
computational data types are arithmetic and string.

concatenation operator: Operator, 11, that joins two string values
to form a single string.

condition: Any occurrence that interrupts the normal program
execution and initiates a user-defined, or systefaudt response.

condition name: PL/l keyword associated with a specific condition
connected storage: Contiguous storage locations.

constant: A) any literal value that you specify to repretsan
computational data item, or B) any entry or lateahe that you
declare implicitly in context, or C) any identifihrat you declare
with one of the attributes ENTRY or FILE but withtdhe VARIABLE
attribute.

control variable: Variable whose value changes on each iteration of
a DO-group and that can be tested to determinehghet not to
continue executing the statements in the DO-group.

conversion: Process of transforming a value from one data tgp
another.

data type: Class to which a data item belongs, and whickrd@hes
the operations that you can perform on it.

declaration: Explicit or implicit specification of an identér
and its data type.

dimension: Set of bounds that determine one extent of aayarr
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DO-group: Any sequence of executable statements delimiyesl DO
statement and a corresponding END statement.

element: Any individual data item in an array, which ycanc
reference with subscripts.

entry point: Statement or instruction where the execution of a
procedure begins.

expression: Any valid combination of operands and operatbed t
reduces to a single value.

extent: Range between the low-bound and the high-boundrfe
dimension of an array.

external procedure: Procedure that is not contained in any other
procedure.

external variable: Variable that is known in any block where you
declare it with the EXTERNAL attribute.

file: A) in PL/I, the input source or output targetttiiau
specify in an I/O statement, or B) the collectidrdata on a mass
storage device.

file constant: Any identifier that you declare with the FILE
attribute but not the VARIABLE attribute.

filetype: Zero- to three-character component of a file
specification that generally describes the filss.u

FIXED BINARY: Data type that represents integer values.

FIXED DECIMAL: Data type that represents decimal values with a
decimal point and a fixed number of fractional thigi

floating-point: Data type that represents very small or verydarg
numbers. A floating-point number has a mantissaandptionally
signed integer exponent.

flow of control: Sequence in which the processor executes the
individual instructions in a program.

format item: Value indicating data representation and formgtti
information used with EDIT-directed 1/O.

format list: List of format items corresponding to data itefors
EDIT-directed 1/O.

function: Procedure that executes when you use its narme in
expression, and that returns a value to its pdintference.

function reference: Any reference to the name of a built-in
function or a user-written function in a PL/I staent.

H-3



PL/I Reference Manual H Glossary
high bound: Upper limit of an array dimension.

I/0O category: General method you use to read or write datasitem
a file. The 1/O categories are STREAM I/O and RETOIRO.

identifier: Name consisting of 1 to 31 characters that yacifp
for a variable, statement label, entry point, ta ionstant.

% INCLUDE file: External file from which the compiler reads saurc
text when compiling a PL/I program.

integer constant: Any optionally signed string of decimal digits

integer data: Data represented as FIXED BINARY or FIXED DECIMAL
with a zero scale factor.

internal procedure: Procedure that is contained within some other
procedure.

internal variable: Variable whose value you can reference within
the block that declares it and any blocks contaimitdin the block
that declares it.

iteration factor: Integer constant enclosed in parentheses that
specifies the number of times to use a value whigializing array
elements, or the number of times to use a givemdoitem in an
EDIT-directed I/O statement.

key: (A) any value that you use to specify a particoéord in a
file, or (B) data item that is part of a recordaimindexed
sequential file, or (C) relative record number oéeord in a
RECORD file.

keyword: Any PL/I identifier that has a specific meaningem you
use it in the appropriate context.

label: Any PL/I identifier, terminated by a colon, whigbu use to
identify a statement.

level number: Integer constant that defines the hierarchical
relationship of a name within a structure with esgpto other
names in the structure.

library: File containing object modules and a directoryhef
external names within the object modules.

linker: Program that arranges relocatable object modotesa
command file, and resolves references among exteanables
declared in the modules.

LIST-directed I/O: Any transmission of data between a program and
an external device, for which PL/I provides autamdata
conversion and formatting.
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listing: Output file created by the compiler that liste th
statements in the source program, with correspgridie numbers
and additional information.

logical operator: Operator that performs a logical operation on
bit-string values.

low bound: Lower limit of an array dimension.

main procedur e: Procedure that receives control when the program
begins executing. The main procedure is always<tarmeal

procedure.

major structure: Name of an entire structure by which you can
specify all members of the structure in a singference. A major
structure always has a level number of 1.

member: Data item in a structure. A member can be a sci@
item, an array, or a structure.

memory: Any addressable location that stores code or. data
minor structure: Structure that is a member ofacstire.

noncomputational: Data item that is not string or arithmetic. The
noncomputational data types are ENTRY, FILE, andBEA.

nonlocal GOTO: GOTO statement that transfers program contral to
statement in an encompassing block.

object module: Output from the compiler or assembler that you ca
link with other modules to form a command file.

ON condition: Any one of several named conditions that can
interrupt a program and generate a signal.

ON-unit: PL/I statements specifying the action to take nvae
program signals a specific ON condition.

one-bit: Binary digit 1.
operator: Symbol that directs PL/I to perform a specifiadtion.

parameter: Variable that PL/I matches with an argument wtien
program invokes a procedure.

parameter list: List of variable names whose values are detemnine
when a procedure is invoked. The PROCEDURE statefoethe
procedure's entry point specifies the parameter lis

password: User-specified extension to a filename enablileg f
security.
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picture: Character-string representation of an arithmedice
consisting of a character string constant defitihegposition of a
decimal point, zero suppression, and sign convestio

pointer: Data item whose value is the address of a storage
location.

pointer-qualified reference: Specification of a based variable in
terms of a pointer value that indicates the locatibthe
variable.

pointer qualifier: Pointer reference and punctuation symbol that
associates a specific storage location with a beagdble.

precedence: Priority of an operator that PL/I uses when eatihg
operations in an expression. PL/l performs an djmeravith a
higher precedence before an operation with a lgmecedence.

precision: Number of digits associated with an arithmetitada
item.

prefix operator: Operator that precedes a variable or constant to
indicate or change its sign.

PRINT file: STREAM OUTPUT file for which PL/I aligns certadata
on predefined tab stops, and controls the outpilit avspecified

page size and line size. In a PRINT file, PL/I doesenclose

strings in apostrophes.

procedure: Sequence of statements, delimited by a PROCEDURE
statement and an END statement. A procedure carshieroutine
that you invoke with a CALL statement or a functibat you invoke
with a function reference.

procedure block: Sequence of statements delimited by a PROCEDURE
statement and an END statement. Control flows anpoocedure

block when you specify its name in a CALL statemana function
reference, at which point PL/I creates a blockvatiton for it and

for the internal variables declared within it.

pseudo-variable: Name of a built-in function that you can use on
the left-hand side of an assignment statementvi® @ispecial
meaning to the assignment.

qualified reference: Unambiguous reference to a member of a
structure that specifies each higher-level namhiwihe structure
and separates the names with periods.

random access: An 1/O operation on a RECORD file where indivitlua
records within the file are accessed using FIXEDNABRY values
called keys.

record: Organized collection of data that PL/I transnoigsng
RECORD I/O statements.
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RECORD file: File containing binary data that PL/I transmits
without conversion.

RECORD I/O: Transmission of data grouped in user-definedsunit
called records.
recursive procedure: Procedure that can invoké.itse

reference: Appearance of an identifier in any context ottemn
its declaration.

relational operator: Operator that defines a relationship between
two expressions and results in a Boolean valueatitig whether
the relationship is true or false.

return value: Value returned by a function that replaces the
function at its point of reference.

row-major order: Order in which PL/I stores elements, or assigns
values to elements in an array. In row-major orttex rightmost
subscript varies the most rapidly.

Run-time Subroutine Library: Library of procedures that support the
execution of a PL/I program.
scalar: Data item that is not an aggregate.

scale factor: Number of fractional digits that you specify for
FIXED DECIMAL data item.

scope: Set of blocks within a program in which the deaten of
an identifier is known.

sequential access. Access method that allows you to access records
in a RECORD file serially.

sequential filee RECORD file in which the records are arranged
serially. You can only add new records at the dntiefile, and
read records one after the other.

signal: Mechanism by which PL/I indicates that a conditias
occurred.

statement: Valid sequence of PL/I keywords, identifiers, and
special symbols that specifies an executable iostmi or data
declaration.

static variable: Variable for which the compiler allocates storage
for the entire execution of a program.

storage: Any region of memory that is associated with gipalar
variable.
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storage class: Attribute of a variable that describes how its
storage is allocated and released by PL/I. Thegtoclasses are
AUTOMATIC, BASED, PARAMETER, and STATIC.

STREAM 1/O: Transmission and interpretation of data in teofns
sequences of ASCII characters delimited by spdabs, commas, or
fields defined by format items.

string data: Bit-string data or character-strintada

structure: Hierarchical arrangement of logically relatedadat
items, called members, that are not required te hlaw same data

type.

structurereference: Variable reference to an entire structure (as
opposed to a member of a structure).

subroutine: Procedure that receives control when you invokéth
a CALL statement.

subscript: Integer expression specifying an individual eletref
an array.

variable: Data item whose value can change during the dixecaf
a program.

variablereference: Any reference to a variable including
qualification by subscripts and member names.

zer o-bit: Binary digit 0.

Note: material in this appendix has been adaptg@aihfrom
publication(s) of Digital Equipment Corporation®@he material so
published herein is the sole responsibility of BigResearch Inc.

End of Appendix H
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%INCLUDE statement, 2-22
%REPLACE statement, 2-22, A-2
'picspec’, Picture

specification, 11-11
*-extents in arrays, A-1
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ABS built-in function, 13-4
ACOS built-in function, 13-5
ADDR built-in function,
7-9, 13-5
aggregates, 3-1, 5-1
ALLOCATE statement, 7-5, 7-10
ambiguous file reference, 10-4
argument, 6-8, 7-9
passed by reference, A-3
passed by value, A-3
argument-list,
for a function, 2-9
for a procedure, 2-9
in a CALL statement, 2-10
arguments, 2-10, 2-11
values passed to a
procedure, 2-11
arithmetic constant, 11-3
arithmetic conversion, 4-2
arithmetic data, 3-1
arithmetic error
conditions, 9-6
FIXEDOVERFLOW, 9-1
OVERFLOW, 9-1
UNDERFLOW, 9-1
ZERODIVIDE, 9-1
arithmetic expression, 4-2
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conversion, 4-9
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conversion, 4-9
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characters, 2-15, 342
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13-11, 13-26
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comparisons, 6-4
ASIN built-in function, 13-6
assignment statement, 2-1, 6-1
ATAN built-in function, 13-7
ATAND built-in functin, 13-7
attribute factoring;13
in an ENTRY declaratip8-1
attribute-list,
in an array declarabieh,
in a DECLARE statam)
3-12, 3-13
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declaration, 5-8
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AUTOMATIC attribute, 5-9,
7-1, A-3
AUTOMATIC storage clagsl
Af(w)] format, 11-7
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base 10 logarithmic
function, 13-1
base 2 logarithmic
function, 13-1
base e logarithmic
function, 13-1
BASED attribute, 5-9, 7-2
BASED storage class, 7-2
based storage for a
variable, 7-2
based variable, 3-11, 7-2,
7-10, 13-4, B-1
BEGIN block, 2-2, 7-1,
8-7,9-2
statements, 2-2
bias of a binary expdnen
B-3, B-4, B-7
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function, 1-2
BINARY built-in function,
4-6, 13-8
Binary Coded Decimal (BCD),
B-8, C-7
binary exponent, B-2r B-4r
B-6, C-2, C-7



BIT built-in function,

4-9,13-8

bit SUBSTR, 6-7
bit-string constant,

3-6, 11-3
data, 3-5
to arithmetic
conversion, 4-10
to character-string
conversion, 4-11
variables, 3-6

blanks, 2-19

block,

activation, 2-3, 6-4, 7-10
balance, 2-2
termination, 2-3

block structure in PL/I, 2-2
BOOL built-in function,

6-5, 13-9

Boolean,

algebra, 6-5
expression, 8-2, 8-6
function, 6-5

bound-pair,

in an array declaration, 5-1
listin an ENTRY
declaration, 3-10

Buff(b), option in

ENVIRONMENT attribute,10-5

built-in function, 1-2, 3-11,
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4-2, A-2

(BIF), 13-1

ABSr 13-4

ACOS, 13-5

ADDR, 13-5
arithmetic, 13-1
ASCII, 13-6, A-2
ASIN, 13-6

ATAN, 13-7

ATAND, 13-7
BINARY, 13-8

BIT, 13-8

BOOL, 13-9

CEIL, 13-10
CHARACTER, 13-10
COLLATE, 13-11, 13-26, A-5
condition-handling, 13-3
conversion, 13-3
COPY, 13-11

COS, 13-12

COSD, 13-12
COSH, 13-13

DATE, 13-13
DECIMAL, 13-14
DIMENSION, 13-14

DIVIDE, 13-15
EXP, 13-15
FIXED, 13-16
FLOAT, 13-16
FLOOR, 13-17

for arithmetic conversion,

4-6, 4-11
HBOUND, 13-17
INDEX, 13-18
LBOUND, 13-18
LENGTH, 13-19
LINENO, 13-19
LOCK, 13-20, A-4
LOG, 13-20
LOG10, 13-21
LOG2, 13-21
mathematical, 13-1
MAX, 13-22
MIN, 13-22
miscellaneous, 13-3
MOD, 13-23
NULL, 13-23
ONCODE, 13-24
ONFILE, 13-24
ONKEY, 13-25
PAGENO, 13-25
RANK, 13-6, 13-26, A-2
REVERSE, 13-26

ROUND, 13-27

SEARCH, 13-27
SIGN, 13-28
SIN, 13-28
SIND, 13-29
SINH, 13-29
SQRT, 13-30

string-handling, 13-2

SUBSTRII3-30
TAN, 13-31
TAND, 13-31
TANH, 13-32
TIME, 13-32

TRANSLATE, 13-33

trigonometric, 13-1
TRIM, 13-33
TRUNC, 13-34
UNLOCK, 13-34, A-4
UNSPEC, 13-35
VERIFY, 13-35
BUILTIN attribute, 13-1
B[n][(w)] format, 11-7

C

CALL statement, 2-10, 2-12
carriage return, 2-19



line-feed pair, 2-19 conflicting file attribugte

CEIL built-in function, 13-10 10-2, 10-5
CHARACTER built-in function, connected storage of
4-9, 13-10 aggregates, 5-7, 5-12,
character SUBSTR, 6-6 12-1, 13-5, A-3
character to arithmetic constant, 2-15, 2-18, 3-
conversion, 4-11 arithmetic, 2-18
character-string, bit, 2-18
constant, 3-5, 11-3 character string, 2-18
data, 3-5 contained block, 3-8, 13-1
to bit-string containing block, 2-6, 8-8
conversion, 4-12 context,
variables, 3-5 for executable
Chebyshev polynomial statements, 2-1
approximation, 13-2 involving default data
circumflex character in a conversion, 4-1
string constant, 3-5 of a declaration, 2-18
CLOSE statement, 10-8 of arithmetic conversiba,
COLLATE built-in function, requiring FIXED BINAR
13-11, 13-26, A-5 value, 3-2
collection of data elements, contiguous storadecie
data set, 10-1 storage area, 7-7
COLUMN(nc) format item, 11-9 control, 2-3
command line default characters, 1-2
name, 10-4 in a string constant, 3-5
comments, 2-15, 2-21 data items, 3-6
commercial applications, 3-3 format item, 11-6,
common data type, 4-3 11-9, 11-19
in a comparison, 6-4 control-variable in a
common logarithmic DO-group, 8-2
function, 13-1 controlled,
compatibility of programs, DO statement, 8-2
3-5, 4-4, 7-4, 7-10, 10-5, DO-group, 8-1
11-4, 11-7, 11-15 conversion error, 4-11, 4-12
compiler, 2-9, 7-1, 7-3, 7-4, conversion to intediate
7-6, A-3 character strings, 4-9
composite operator, 2-19 converting one data tgp
concatenation of strings, 2-20 another, 4-2
concatenation operator, COPY built-in functid8;11
2-20, 6-3 COS built-in function, 13-12
Condition Categories, 2-19 cos hyperbolic funttib3-2
condition, COSD built-in function, 13-12
handling statements, 2-1 COSH built-in functiv8;13
processing, 9-1 credit characters, 11-16
stack, A-4 credit CR, Picture
condition-name, 9-1, 9-4 specification chargcte
conditional branching, 8-1 11-12, 11-16
conditional digit Picture current column positivithin
specification character, a file, 10-9, 11-1,
11-12, 11-14, 11-15 11-9, 11-10
conflicting attributes in a current line,
DECLARE statement, 3-13 count within a file,

10-9, 10-11
number within a file, 10-12,
11-1, 11-10, 13-4
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current page,
count within a file, 10-9
number within a file, 10-12,
11-1, 13-4
size within a file, 11-10
current record position
within a file, 10-9

D

data,
attributes, 1-1
conversion, 3-2, 4-1, 4-2,
8-6, 10-13f 13-2, 13-3,
13-14, 1316, B-5
format item, 11-6
set, 10-1, 10-5, 10-8,
11-7, 12-2
type matching when passing
parameters, 2-12
DATE built-in function, 13-13
debit characters, 11-16
debit DB, Picture
specification character,
11-12, 11-16
DECIMAL built-in function,
4-7,13-14
decimal point position,
Picture specification
character, 11-12
declaration of a based
variable, 7-2
declarative statements, 2-1
DECLARE statement, 3-1,
3-11, 8-7
for a BASED variable, 7-2
for a FILE variable, 10-1
for scalar variables, 3-12
declared name, 2-15, 2-17
default action,
for an ON condition, 9-4
for an ON-unit, 10-11
default data attributes, 3-13
default I/O units, 10-11
default ON-units, 9-7
default rules for forming a
Picture
specification, 11-16
default value, 8-8, <K®HECK>>
BIT length, 3-13
CHARACTER length, 3-13
FIXED BINARY precision, 3-2
FIXED DECIMAL
precision, 3-4
default action, 10-11
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FIXED DECIMAL scale
factor, 3-4
FLOAT BINARY precisi,
3-3,4-5
for a filename in@anemand
line, 10-4
of run-time stack, 2-13
DEFINED attribute, A-1
Delete password protection
level, 10-4
delimiter, 2-15, 2-18
digit, Picture specification
character, 11-12181
DIMENSION built-in
function, 13-14
dimension of an array, 13-4
of an array variable,
5-1, 5-7
DIRECT attribute, 10-2
DIRECT file, 10-3, 12-1, 12-2
DIVIDE built-in fuation,
4-7,13-15
DIVIDE, built-in function, 8-
DO statement, 8-1
DO-group, 2-15, 8-1, 8-7
documentary text, 2-21

DOS, operating system for IBM

Personal Compulter,
A-1, A-5
double circumflex in a string
constant, 3-5
double-precision FLOAT BINARY,
3-3,11-8, 13-2, A4
B-6, C-7
drifting, Picture
specification characte
11-12,11-14, 11-15;16
dynamic extents in
arrays, A-1
dynamic storage area,
7-5, 7-7

E

E(w[, d]) format, 11-8
ELSE clause, optioman IF
statement, 8-6
encompassing block, 2-4,

9-3
END statement, 2-2, 2-13f
8-1, 8-7

ENDFILE condition, 9; 10-10
ENDPAGE condition, 9-1, 10-10,
11-1, 11-4, 11-10



ENTRY attribute, 3-9
entry constant, 3-9, 3-10
ENTRY,
constant, 7-9
data, 3-9, 4-1, 6-3
declaration, 3-9
statement, 8-7
entry variable, 3-9, 3-10
environment, 2-1
ENVIRONMENT attribute, 10-2,
10-4,12-1, 12-2
equal comparison operator,
3-7, 3-8 File,
equal not equal comparison
operators, 3-11
ERROR condition, 9-1, 9-4,
11-7,11-8, 11-16
subcodes, 9-4, 9-6, 13-24
error recovery, 2-1, 8-8, 9-1,
9-5, 10-11, 13-3, A4
ERROR(I) condition, 4-11, 4-12
ERROR(3) condition, 13-5,
13-6, 13-20, 13-21,
13-30, 13-31
ERROR(7) condition, 7-5
ERROR(14) condition, 10-10
executable statements, 2-1
EXP built-in function, 13-15
exponentiation, 4-5, 6-5
expression, 6-1
extents in arrays, A-1
infix, 6-2
involving
pseudo-variables, 6-6
precedence rules, 6-2
prefix, 6-2
extent of an array
dimension, 5-2
EXTERNAL attribute, 2-7, 3-11,
5-9, 10-1
external,
block, 2-4, 2-6
device, 10-1, 10-3
EXTERNAL option in a PROCEDURE
statement, 2-14
external,
procedures, 2-6, 3-9
system entry points, 2-17
variable, 2-6, 2-8

F
file,
constant, 3-11, 10-1,
10-9, 10-10, 12-1

Index-5

open mode, 10-4
password, 10-10
specification, 2-22, 10-4
variable, 3-11, 10-1, 10-9,
10-10, 12-1
FILE,

constant, 7-9

data, 3-11, 4-1, 6-3

option in a GET or PUT

statement, 11-3;19

option in GET or PUT

statement, 11-3

Control Block (FCB),
10-9, B-11
Descriptor, 10-9
Parameter Block, 6-4
Parameter Block (FPB)
10-9, B-10
filename, 10-4
filetype, 10-4
file id, file identifie
10-1, 10-9, 11-2,
11-19, 12-1
FIXED BINARY, 3-1, 3-2
FIXED built-in functip
4-7,13-16
FIXED DECIMAL, 3-13-3, 11-9
constant, 3-4
division, 4-5
Fixed(i), 10-5
option in ENVIRONMENT
attribute, 10-5
fixed-length record size,
10-4, 10-5, 10-9,
12-1,12-2
fixed-record size,
13-20, 13-34
FIXEDOVERFLOW cdition, 3-4,
9-1, 9-6
FLOAT BINARY, 3-1, 3-2
constant, 3-3
FLOAT built-in function,
4-8, 13-16
FLOAT DECIMAL attribute, A-1
FLOOR built-in function, 13-17
flow of control,
between logical uits
within a program, 2-9, 3-7,

8-1, 8-7, 8-8, 9-1, 9-2,
9-6, 10-11, C-8, C-9

format item,
COLUMN(nc), 11-9
LINE(In), 11-10
PAGE, 11-10



Picture, 11-11
SKIP[(nl)], 11-10
X(sp), 11-10
format list, 11-6, 11-9, 11-10
FORMAT statement, 8-7, 11-11
format-label on a Remote
format item, 11-10
format-list in a GET EDIT or
PUT EDIT statement, 11-19
fractional digits, 3-1
FREE statement, 7-5, 7-7
free storage area, 10-9
free-format language, 2-15
fully qualified reference to
a structure variable,
5-10, 5-12
function, 2-9
procedure, 2-10, 3-9

G

GET EDIT statement, 11-7,
11-8, 11-9, 11-10, 11-19
GET LIST statement, 11-3
global data in PL/I
programs, 2-14
GOTO statement, 8-3, 8-4, 8-7

H

HBOUND built-in

function, 13-17
hierarchical order in a

structure variable, 5-8
high-level organization of

PL/I programs, 2-1
hyperbolic functions,

cos, 13-2

sin, 13-2

I/O categories, 10-13

I/0O condition BIFs, 10-11

I/0O condition, 9-7
ENDFILEr 9-1, 9-7, 10-10
ENDPAGE, 9-1, 9-7, 10-10
KEY, 9-1, 9-7, 10-10
UNDEFINEDFILE, 9-1,

9-7, 10-10

I/O statements, 2-1

identifier, 1-1, 2-15, 2-23
formation of, 2-17
maximum length, 2-17
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IEEE floating-point format,
3-3, A-5, B-4,
B-6, C-7
IF statement, 88
implicit normalizait| B-2,
B-4, B-7
implied file attributes, 50-
11-5,12-1, 12-2
INDEX built-in functioh3-18
infix,
expression, 6-2
operator, 6-2, 6-3
INITIAL attributeb5
5-6, 7-4
initializing elementsaim
array, 5-5
INPUT,
attribute, 10-2, 10-10
file, 10-2, 11-4, 12-1, 12-2
input-list in a STREAM file,
11-2,11-3, 11-6,
11-9, 11-19
insertion, Picture
specification chargcter
11-12, 11-15, 11-16
integer, 3-2, 3-3
exponent, 3-2, 8-B0
subscripts, 5-1
values, 3-1
Intel object file format, A-4
interfacing PL/I programs with
assembly language
routines, C-1
internal,
block, 2-4, 2-6
buffer for a file,
10-4, 10-8
procedures, 3-9
internal representation, 3-2,
3-4, 5-6, 6-8, 7-10,
10-13, 13-35, B-1
aggregate data, B-11
BIT data, B-9
CHARACTER data, B-9
double-precision FLOAT
BINARY, B-6
ENTRY and LABEL datalB
FILE data, B-10
FIXED BINARY data, B-1
FIXED DECIMAL data, B-8
FLOAT BINARY, B-4
POINTER data, B-10
single-precision FLOAT
BINARY data, B-2



invoking a procedure, 2-3,

2-9, 2-10, 2-11
invoking a subroutine, 2-10
iteration factor,

for the INITIAL

attribute, 5-5

in an INITIAL attribute, 7-4

iterative DO-group, 8-1,

8-8, 11-2
K
KEY condition, 9-1, 10-10
key,
for a RECORD file, 10-2,
10-3, 10-10
for a record file, 1-12
for a RECORD file, 12-1,
12-2, 13-25
KEYED,
attribute, 10-2
file, 10-3, 10-10,
12-1, 12-2
keywords, 2-15
L
label,
constant, 3-7, 3-8,
8-8, 11-10
variables, 3-7, 3-8
LABEL,

data, 3-7, 4-1, 6-3
constant, 7-9
LBOUND built-in
function, 13-18
LENGTH built-in
function, 13-19
level number of a structure
member, 5-8
level numbers in a structure
declaration, 3-13
limit of dimensions in an
array variable, 5-3
LINE(In) format item, 11-10
line-feed, 2-19
linemark, 10-2, 11-1, 11-3,
11-4, 11-10
linemarks, 1-13
LINENO built-in function,
1-11, 1-12, 13-19
LINESIZE attribute, 10-2, 10-5
linkage editor, 3-9
linked list, 7-8
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LIST option in a GETRUT
statement, 11-3
local variable, 2268,
3-8, 10-1
LOCK built-in function,
13-20, A4
Locked file open med10-4
LOG built-in functioh3-20
LOG10 built-in function, 13-21
LOG2 built-in function, 13-21
logical,
And operator, 6-5
data items, 3-5
Not operator, 6-5
Or operator, 6-5
units, 2-1, 2-2
low-level organizatioh
PL/I programs, 2-15
lower-bound of an array
variable, 5-1

M

MAIN option,
in a PROCEDURE
statement, 2-13
main,
procedure, 2-5
procedure statement, 2-13
program, 2-13
structure, 5-8
major structure, 5-8,

5-11, 7-1
mantissa, 3-2, B-2, B-4,
B-6, C-7

MAX built-in function, 13-22
member of a structure, 3-13,
5-1,5-8, 7-1
memory management
statements, 2-1
microprocessors, 88080,
8085, 780, A-1
Microsoft,
floating-point format,
B-2, C-7
object file format, A-4
micrprocessors 168086,
8088, A-1
MIN built-in function, 13-22

minor structure, 5-8;HL

mixed,
aggregate, 5-11
aggregate referencing25-1
data types in an
expression, 3-3



operand expressions, 4-3
MOD built-in function, 13-23
most significant digit in a
mantissa, 4-10
multiple %REPLACE
statements, 2-23
multiple,
allocations of based
storage, 7-5
attributes in a
declaration, 3-12
data items, 3-1, 5-1
declarations, 3-12

N

names of external devices,
10-3, A-5
natural,
exponent function, 13-2
logarithmic function, 13-1
nested,
%INCLUDE statements, 2-22
BEGIN blocks, 2-2
blocks, 2-4, 2-15, 2-23
IF statements, 8-7
Newton's method, 13-2, 13-30
nonrecoverable conditions,
9-1, 95
nonzero scale factor, 4-4
noniterative DO-group, 8-1
nonlocal GOTO statement,
8-8r 9-2
nonrecoverable error, A-4
not equal comparison operator,

3-7, 3-8
NULL,
built-in function, 5-5,
7-8, 13-23
pointer value, 7-4
null,
character string, 3-5
statements, 2-1
string, 4-11, 4-12, 10-12
(@]
object file format,
Intel, A-4
Microsoft, A-4
ON statement, 9-1
ON unit, 9-2
active, 9-2

enabled, 9-2, 13-3
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ONCODE built-in functio
9-7, 13-24
one-bit, 3-5, 4-4t12, 6-4,
8-2, 13-20, 13-34
ONFILE built-in function,
1-11, 1-12,13-24 << CHECK>>
ONKEY built-in function, 1-11,
1-12, 13-25
Open List, PL/I internal data
structure, 10-9
OPEN statement, 3-11, 10-1,
10-2, 12-1, 12-2
operands in an expressidn, 6
operating system, 2-10, 10-3,
10-9, 13-13, 13-20, 13-32,
13-34, A-1, A-5,
B-11, C-12
operator, symbol for a
mathematical of logical
operation, 2-19
operators, 2-15
in an expression, 6-1
OUTPUT attribute, 10-2
OUTPUT file, 10-2, 12-2
output-list in a STREA/iM,
11-2, 11-4, 11-6,
11-9,11-19
OVERFLOW conditiori,, 3-6
OVERFLOW(2), arithmetic
condition, 4-6, 4-11

padding of string$8, 4-10,
4-11, 4-12, 68, 7-4,
11-7,11-8, 12-Ir 12-2
PAGE format item, 11-10
PAGE option in a GET BUT
statement, 11-3, 11-19
pagemark, 10-2, 10-13, 11-1,
11-4,11-10
PAGENO built-in function,
1-11,1-12, 13-25
PAGESTZE attribute;21.0
10-3, 1-11
PARAMETER,
attribute, 5-9, 7-3
keyword, A-2
parameter passing,
by reference, 2-11, C-1
by value, 2-11, C-1
PARAMETER storage class, 7-3
parameter-list,
in an ENTRY declaratio®, 3-



in a PROCEDURE
statement, 2-13
parameters, 2-11, 2-13, 3-9
values expected by a
procedure, 2-11
partially,
gualified mixed aggregate
reference, 5-12
subscripted mixed aggregate
reference, 5-12
passing parameters using a
Parameter Block, C-1
password,
for a file, 10-4
on a file, 10-10
protection level, 10-4
PICTURE attribute, A-1
Picture,
format item, 11-11
semantics, 11-14
specification, 11-11, 11-12,
11-14,11-15
default rules, 11-16
syntax, 11-11
PL/I,
character set, 2-15
data attributes, 3-1,

3-12,5-9
keywords, 1-1, 2-2, 2-17,
6-1, 10-2
syntax, 1-1

PLILIB Run-time Subroutine
Library (RSL), C-2, C-12
pointer, 7-2
POINTER data, 3-11, 4-1, 6-3
pointer-qualified reference,
explicit, 7-2
implicit, 7-2
precedence rules for
expression evaluation, 6-2
precision, 2-12, 3-2, 4-2,
4-4, 4-5, 4-6, 4-7, 4-8
11-9, 11-16, 13-8, 13-14,
13-15, 13-16,
predefined file
constants, 1-12
prefix,
expression, 6-2
operator, 6-3
preprocessor statements,
2-1, 2-22
PRINT,
attribute, 10-2
file, 10-2, 1-11,
11-4,11-10
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PROCEDURE blocks, 2-2, 7-1
PROCEDURE statement, 2-2,
2-11,*2-13, 4-1, 8
procedure,
blocks, 2-9, 2-10
entry point, 2-13, 6-4, 7-1
exit point, 2-13, 4-3
invocation, 2-3, 2-9,
2-10, 2-11
name, 3-11

pseudo-variables, 3-11

6-1, 6-6

PUT EDIT statement, 11-7,
11-8, 11-9, 11-10, 11-19

PUT LIST statement, 11-3

qualified,

name in a structure, 5-10

referenceto a $tmec
variable, 5-1, 5-10

RANK built-in function, &3-
13-26, A-2
READ,
statement, 11-1, 12-1

Varying statement, 11-4, A-2
with KEY statement, 12-1

with KEYTO statemeh®-2
Read password protettio
level, 10-4
readability of pags, 2-13,
2-15, 8-8
Readonly, file open mode, 10-4
RECORD,
attribute, 10-2
file, 10-2, 10-10,
12-1,12-2
I/0, 1-13, 12-1
record size for a RRCdile,
10-2, 13-20, 13-34
recoverable conditions,
9-1, 9-5
RECURSIVE attribute, 2-15,
7-1, A-3
referencing an element of
an array, 5-3
relational operator, 6-3
remote format items,
11-6, 11-10
REPEAT option in a
DO-group, 8-2



repetition factor for a format
item, 11-6
result type in data
conversion, 4-1
RETURN statement, 2-10, 2-13,
4-1,9-2
returning values in registers,
C-6,C-8, C-9
on the stack, C-6,
C-7,C-8
RETURNS,
attribute, 2-10, 2-15, 4-3
statement, implicit data
conversion, 4-3
REVERSE built-in
function, 13-26
REVERT statement, 9-3, 9-4
reverting ON-units, 8-8,
9-4, A-3
ROUND built-in functionr 13-27
row-major order, 5-6
run-time errors, interception
of and recovery from, 2-1
run-time stack, C-6
default value, 2-13
Run-time Subroutine Library
(RSL), 13-1, B-1

S

scalar data,
items, 3-1, 5-1, 5-8
type, 12-1

scale factor, 2-12, 3-2, 3-4,
4-2, 4-4, 4-5, 4-7, 4-8,
11-9, 11-16, 13-8, 13-14r
13-15, 13-16
scientific,
applications, 3-2
notation, 3-3, 4-10, 11-8
scope of a variable, 2-6,
2-9, 3-7, 3-8, 5-10, 7-3,
7-4, 8-8, 11-10r 13-1
SEARCH built-in
function, 13-27
separate compilation of
external procedures, 2-5
separator, 2-18, 11-3
seguence control statements,
2-1,8-1
SEQUENTIAL,
attribute, 10-2
file, 10-3, 12-1, 12-2
Shared file open mode, 10-4,
13-20, 13-34
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SIGN built-in fuihen, 13-28
SIGNAL statement, 9-4
simple DO statement, 8-1
SIN,
built-in functid3;28
hyperbolic function, 13-2
SIND built-in faoo, 13-29
single-precision FLOAT BINARY,
3-3, 11-8, 13-2, B-2,
B-4, C-7
SINH built-in function, 13-29
size of internal fileffer,
10-4, 10-5, 10-9
SKIP option in a GET or PUT
statement, 11-3, 11-19
SKIP[(nl)] format item, 11-10
source program, 2-15,
2-21, 2-22
source text, 2-22

source type in data

conversion, 4-1
spaces, 2-19
special character®, 1-
2-20, 11-1
SQRT built-in function, 38-
square root functiv8;2
STACK(b) option in a PROCEDURE
statement, 2-13
statement label, 2-2, 3-7,
3-11, 8-8
statements,
%INCLUDE, 2-22
%REPLACE, 2-22, A-2
ALLOCATE, 7-5,0-1
assignment, 2-1, 6-1
BEGIN, 2-2
CALL, 2-12
CLOSEr 10-8
condition handling, 2-1
declarative, 2-1
DECLARE, 3-1, 3-1%, 8
DO, B-1
END, 2-2, 2-13, 8-1, 8-7
ENTRY, 8-7
executable, 2-1
FORMAT, 8-7
FREE, 7-5, 7-7
GET EDIT, 11-7, 11-8911
11-10, 11-19
GET LIST, 11-3
GOTO, 8-3, 8-4, 8-7
I/O, 2-1, 4-2
IF, 8-3, 8-6
memory managerieht,
null, 2-1



ON, 9-1
OPEN, 3-11, 10-1, 10-2,
12-1, 12-2
preprocessor, 2-1, 2-22
PROCEDURE, 2-2, 2-11, 2-13,
4-1, 9-7
PUT EDIT, 11-7, 11-8,
11-91 11-10
READ, 11-1, 12-1
READ Varying, 11-4, A-2
READ with KEY, 12-1
READ with KEYTO, 12-2
RETURN,, 2-10, 2-13,, 4-1, 9-2
REVERT, 9-3, 9-4
sequence control, 2-1, 8-1
SIGNAL, 9-4
STOP, B-4, B-7
structural, 2-1
WRITE, 11-, 12-2
WRITE Varying, 11-5, A-2
WRITE with KEYFROM, 12-2
STATIC,
attribute, 5-9, 7-4
storage class, 7-4
static Picture specification
character, 11-12,
11-14,11-16
status of a file
constant, 10-9
STOP statement, 8-4, 8-7
storage class,
attributes, 3-13
class of a variable, 7-1
storage sharing, 2-11, 7-1,
7-9, 7-10, B-1
STREAM,
attribute, 10-2
file, 10-2, 10-10, 11-4
I/O, 1-13
STREAM EDIT-directed
11-1,11-6
Line-directed, 11-1, 11-4
LIST-directed, 11-1, 11-2
string conversions, 4-8
structural statements, 2-1
structure, 5-1
members, 3-13, 5-
variable, 3-10, 3-13, 5-1,
5-8, 6-1
of arrays, 5-11
subcodes, 2-19
subroutine, 2-9
invocation, 2-10
subscripted,
array references, 5-3
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arrays, 3-8
entry variable, 2-10

entry variables, 3-9

label variables, 8-8
labels, 3-8
Subset G standard, 2-14, 7-4,
7-10, 10-5, 11-15,
A-1, A-2
SUBSTR,
built-in function, 6-3-30
as a pseudo-variable, 6-6
substring,
of a bit vareb-7
of a character string, 6-6
overwrite, 6-7
substructures within a
structure, 5-8
SYSIN, predefined file
constant, 1-12, 11-3,
11-4, 11-19
SYSPRINT, predefinedéfil

constant, 1-12, 11-3, 11-5

system,
console device, 1-12
printer devicel 2L
system-defined subcodes for
the ERROR condition, 9-4

tab characters, CRTL-I, 2-19
TAN built-in function, 13-31
TAND built-in functiob3-31
TANH built-in fuoct, 13-32
target type, in data
conversion, 4-1
temporary result, 7-9
ten’s,

complement form, B-8

complement packed BCD
format, 3-4
TIME built-in functiph3-32
TITLE attribute, 1040)-3
TRANSLATE. built-in
function, 13-33
TRIM built-in function, 13-33
TRUNC built-in function, Ba-
truncation, 4-5
truncation of strings, 4-11
two’s,
complement, B-1
complement form, 3-2



U Z

unconditional branching, 8-1 Zero supressiontuiric
UNDEFINEDFILE condition, specification character
9-1, 1-10 11-14, 11-15, 11-16
UNDERFLOW condition, 9-1, zero-bit, 3-5, 4-914;
9-6, C-2 4-12, 6-4, 12-1, 12-2,
UNDERFLOW(2), arithmetic 13-9, 13-20, 13-34
condition, 4-6, 4-11 ZERODIVIDE condition, 99-6
UNLOCK built-in function,
13-34, A-4
UNSPEC built-in function,
6-6, 6-8, 13-35
UNSPEC, as a
pseudo-variable, 6-6
up-level reference, 2-7
UPDATE attribute, 10-2
UPDATE file, 10-2, 10-10
upper-bound of an array
variable, 5-1
user-defined subcodes for the
ERROR condition, 9-4

\%

variables, 1-1, 3-1
local, 2-6
external, 2-6

VARIABLE attribute, 3-10
variable subscripts in an

array reference, 5-3
variable-length, record,

11-4,11-5

size, 10-4, 10-5, 12-2, A-2
VARYING attribute, 3-5
VERIFY built-in

function, 13-35

w

WHILE expression in a
DO-group, 8-2

WRITE,
statement, 11-1, 12-2
Varying statement, 11-5, A-2
with KEYFROM, 12-2

Write, password protection
level, 10-4

X
X(sp) format item, 11-10
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