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1 INTRODUCTION
Purpose of this Manual

This reference manual is intended for use by the programmer who 1is
familiar with ALGOL. Both the organization and the presentation of the
material are designed to supply answers to well-conceived questions
regarding the syntax, semantics, and pragmatics of ALGOL as implemented
on A Series systems. This manual is not a tutorial text.

Burroughs Extended ALGOL

Burroughs Extended ALGOL is &a ‘high-level, structured programming
language designed for A Series and B 5000/B 6000/B 7000 Series systems.
In addition to implementing virtually all of ALGOL 60, Burroughs
Extended ALGOL has provisions for communication between programs and
input/output (I/0) devices, the editing of data, and the implementation
of diagnostic facilities for program debugging.

The Structure of ALGOL

The fundamental constituents of ALGOL are the language components.
These - are the building blocks of the language and include, among other
things, letters, digits,  and special characters such as the
semicolon (:).

At a level of complexity higher than language components are
declarations, statements, and expressions. These are the building
blocks of ALGOL programs. A declaration associates identifiers with
specific properties. For example. an identifier can be associated with
the properties of a real number. A statement indicates an operation to
be performed, such as the assignment of a numerical value to an array
element or the transfer of program flow to a location in the program out
of the normal sequence. An expression describes operations that are
performed on specified quantities and return a value. For example, the
exXpression "SQRT(100)" returns 10.0, the square root of 100.

Note: Burroughs Extended ALGOL is based on the "Revised Report on the
Algorithmic Language ALGOL 60" (Communications of the ACM, Vol. 6,
Ne. 13 January, 1963).
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At the highest level are program units. A program unit is any group of
ALGOL constructs that can be compiled as a whole by the ALGOL compiler.
An ALGOL program is, by definition, a program unit.

This manual describes the language components, declarations, statements,
expressions, and program units of Burroughs Extended ALGOL. Unless
otherwise stated, the word ALGOL refers to Burroughs Extended ALGOL.
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ORGANIZATION OF THIS MANUAL

The earlier chapters describe the fundamentals of ALGOL: the structure
of programs and the basic components of the language. The middle
chapters describe the major constructs. of ALGOL: declarations,
statements, and expressions. The later chapters describe topics related
to compiling ALGOL programs, and interfaces between ALGOL and other
facilities such as libraries and Data Management System II (DMSII). The
appendixes contain reference information about reserved words and about
the format used internally to store data.

The manual contains the following chapters and appendixes.
Chapters

2 PROGRAM STRUCTURE
This chapter defines the basic structure of an ALGOL program and the
scope of variables.

3 LANGUAGE COMPONENTS
This chapter defines the most elemental constructs 1in the ALGOL
language.

4 DECLARATIONS
This chapter defines the constructs that establish data structures
in an ALGOL program and associate identifiers with those data

structures. These constructs are ordered alphabetically by
declaration name.

5 STATEMENTS
This chapter defines the constructs that describe operations to be

performed in an. ALGOL program. These constructs are ordered
alphabetically by statement name.
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EXPRESSIONS
This chapter defines the constructs used to describe operations that
are performed on specified quantities and return a value. The first
part of the chapter describes the types of expressions. These types
are ordered alphabetically by expression name. The second part of
the chapter describes functions that are intrinsic to ALGOL. These
functions are ordered alphabetically by their names.
COMPILING PROGRAMS
This chapter describes the various input and output files wused by
the ALGOL compiler and the compiler control options that control the
compiler's processing of ALGOL source input.
INTERFACE TO THE LIBRARY FACILITY
This chapter describes 1library creation, use, sharing, and
initiation.
DMSII INTERFACE
This chapter describes the ALGOL interface with Data Management
System II (DMSII).
COMPILE-TIME FACILITY
This chapter describes how ALGOL source data can be compiled
conditionally and iteratively.

BATCH FACILITY

This chapter describes how the cost of system overhead may be
reduced by grouping programs together in a single run.
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Appendixes

A RESERVED WORDS

This appendix 1ists the identifiers that need not be declared in an
ALGOL ' program before they are used, if they appear in recognized
contexts.

B DATA REPRESENTATION

This appendix describes the internal form of the various operands,
the descriptor, the pointer, and the various character sets.

C RUN-TIME FORMAT-ERROR MESSAGES

This appendix interprets the error numbers given at run time when an
error occurs in a READ or WRITE statement.

An explanation of railroad diagrams, a glossary, and an index appear at
the end of this manual.
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Using the Manual

The chapters that describe declarations, statements, and expressions are
each divided into sections describing constructs appropriate to the
chapter. 1In the table of contents, sections are indicated by the major
unnumbered subheadings under the chapter titles. Within the chapters
that describe declarations and statements, and within the first half of
the chapter on expressions, the sections are ordered alphabetically and
follow the same general format:

- The syntax for the construct is presented in a railroad diagram.
This 1s a diagrammatic description of the acceptable ways of
using the construct in a program. For those unfamiliar with
railroad diagrams, a description of how they are read can be
found in "Understanding Railroad Diagrams."

- Under the heading "Semantics" appears a description of the
function of the construct. If further explanation of the syntax
is required, it occurs here.

- Under the heading "Pragmatics" appears information about the
implementation of the construct on A Series systems.

- Examples of use of the construct usually appear at the end of the
section.

The chapter on expressions is divided into two sub-chapters. The first
sub-chapter describes the types of expressions. The second sub-chapter
describes functions that are intrinsic to ALGOL. The two sub-chapters
are ordered alphabetically by expression name and function name,
respectively. In the sub-chapter on functions. the syntax for each
function is ©presented, and the action of the function and data type
returned by the function are given.

Finding Information

Because of the alphabetical ordering of the chapters on declarations,
statements, and expressions, the reader can quickly find the description
of any of those language constructs.

While using the manual, the reader will find "“See also" references.
These point to information related to the subject under discussion.
"See also" references do not include references to whole chapters or to
alphabetically ordered sections. These can easily be found using the
chapter tabs and the section headings that appear at the top of each
page in the alphabetized chapters. Neither do "See also" references
include the fundamental language constructs that appear in the "Language
Components" chapter. It is assumed that a reader will have an
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understanding of the contents of that chapter before trying to use the
rest of the manual.

"See also" references do include metatokens (language constructs) below
the 1level of declarations, statements, and expressions that appear in a
section but that are ncot defined in that section. "See also" references
also point the reader to other, less easily found, related information.

For example, the following is the syntax for the CHANGEFILE statement, a
statement used to change the names of directories and files without
opening the files:

<changefile statement>

—- CHANGEFILE —-- ( —-—-<directory element>-- , -—-<directory element>->

<directory element>

--——<pointer expressiony—---|
| |
|-<array row>-—--------- l
| I

|-<string literal>----- |

See also
CAYTAY YOWY v v v v o w o o o o o o o o o o o o o 4 o o o « o + 43
A cross reference to other syntax appears only for <array row>. It 1is

assumed the reader is familiar with the syntax for <string literal>
because it is a basic construct. The syntax for <pointer expression>
can be found quickly by using the index tab for the "Expressions"
chapter. and then by paging through the alphabetical 1listing of
expressions to the "Pointer Expression" section.
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RELATED DOCUMENTS

Document Form No.
ALGOL Test and Debug System (TADS) User's Guide 1169539

- Binder Reference Manual 5014582 .-
CANDE Reference Manual 1169869
DMSII DASDL Reference Manual 1163805

DMSII Transaction Processing System (TPS)
Programmer's Manual ' 1164043

DMSII User Language Interface

Software Operation Guide 1180536
Editor User's Guide 1169976
I/0 Subsystem Reference Manual 1169984
Message Translation Utility User's Guide 1169554
Operator Display Terminal (ODT) Reference Manual 1169612
System Software Utilities Reference Manual 1170024

Work Flow Language (WFL) Reference Manual 1169802



2 PROGRAM STRUCTURE
PROGRAM UNIT

A program unit is a group of ALGOL constructs that can be compiled as a
whole.

Syntax
(program unit>

—=—=(blOCK>=====—==—mmm— e N e |

|-<compound statement>-|

I !

|-<level 2 procedure>--|
' o - l
|-<global part>-| - 5 -

<block>

-—- BEGIN —-—-<declaration list>-- ; -—<(statement list>-- END --|

{declaration list>

—-—-—<declaration>-—-—|

(statement list>

--—-<statement>-—--|

{compound statement>

~~ BEGIN --<statement list>-- END —-|
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<level 2 procedure>

--<procedure declaration>--|

<global part>

-- [ --<declaration list>-- ] --—|

<(separate procedure>

--<procedure declaration>--|
Semantics

Program units can be blocks, compound statements, level 2 procedures, Or
separate procedures that have a lexical (lex) level of three or greater
and that can have global declarations.

A block is a statement that groups one or more declarations and
statements into a 1logical unit by using a BEGIN-END pair. A compound
statement is a statement that groups one or more statements into a
logical unit by using a BEGIN-END pair. A compound statement is a block
without any declarations.

The definitions of a compound statement and a block are recursive: both
compound statements and blocks are made, in part. of statements. A
statement can itself be a compound statement or a block.

The structures of compound statements and blocks are illustrated below.
Compound Statements

BEGIN BEGIN

<statement>;
<statement>;

<statement>;
END

(statement>;

<statement>;

BEGIN
<declaration>;
BEGIN

{(statement>;
<statement>:
END;
END;
<(statement>;
END
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Blocks
BEGIN K BEGIN

<declaration>; ' <declaration>:
<declaration>; o <declaration»>:

o ' : <statement>;

. : " BEGIN

e , <declaration>:

<declaration>; - : , <statement>;
<statement>; END;
<statement>; ’ BEGIN

. <statement>:

. ' <statement>;

. ‘ {statement>:
<(statement>; ) END:

END ' END

A program unit that is a separate procedure is typically bound to a host
program to produce a more complete program.

The <global part> construct allows global identifiers to be referenced
within a separate procedure. Any program unit that has a global part is
valid only for binding to a host.

A program unit can be preceded. but not followed, by a remark.
‘Pragmatics

A compound statement is executed in-line and does not require a
procedure entrance and exit. A  block, however, is executed like a
procedure and requires a procedure éntrance and exit. Entering a block
costs extra processor resources; entering a compound statement does not.



12
ALGOL REFERENCE MANUAL

Examples
Compound Statement Block
BEGIN BEGIN
DISPLAY("HI THERE"): REAL X;
DISPLAY("THAT'S ALL FOLKS"): X := 100;
END. ' END.
Separate Procedure with
Level 2 Procedure Global Part
PROCEDURE S; [REAL S;
BEGIN ARRAY B[0:255];
REAL X: FILE LINE;]
X := SQRT(4956): REAL PROCEDURE Q;
END. BEGIN
Q := S*B[4]:
WRITE(LINE,/,"DONE"):
END.

Note that, according to the syntax, the last statement of a . block or
compound statement is not followed by a semicolon (;). However, in the
above examples (and throughout this manual), the last statement 1is
always followed by a semicolon. This is valid because the statement
before the END is the "null statement."

SCOPE

The scope of an identifier is defined to be the portion of an ALGOL
program in which the identifier can successfully be used to denote its
corresponding values and characteristics.

In one part of an ALGOL program. an identifier can be used to denote one
set of values and characteristics, while in another part of the program,
the same identifier can be used to denote a different set of values and
characteristics.

For example, in one block the identifier EXAMPLE_IDENT can be declared

as a REAL wvariable. That 1is, the identifier can be used to store
single-precision, floating-poirnt arithmetic values. Such an identifier
could be assigned the wvalue "3.14159". 1In another block of the same

program, EXAMPLE_IDENT can be declared as a STRING variable. In this
block, EXAMPLE_IDENT could be assigned the value "BURROUGHS ALGOL 1S A
HIGH-LEVEL, BLOCK-STRUCTURED LANGUAGE".
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Although EXAMPLE_INDENT can be of type real and of type string in the
same program, within a specific block, EXAMPLE_IDENT has only one type
associated with it. 1In general, the scope of an  identifier is always
such that within a given block, the identifier has associated with it at
most one set of values and characteristics.

The scope of an identifier is described by rules that define which parts
of the program are included by the scope, which parts of the program are
excluded by the scope, and the requirements for uniqueness placed on the
choice of identifiers. These general rules. are described in the
following paragraphs. '

Local Identifiers

An identifier that is declared within a block is referred to as "local"
to that Dblock. The value or values associated with that identifier
inside the block are not associated with that . identifier outside the
block. In other words, on entry to a block, the values of local
identifiers are undefined; on exit from the block, the values of local
identifiers are lost. An identifier that .is local to a block is
"global" to blocks occurring within the block. When a block is exited,
identifiers that are global to that block do not lose the the values
associated with them. The properties of gldbal identifiers are
described more completely below.

Global Identifiers

An identifier that appears within a block and that 1is not declared
within the. block, but is declared in an outer block, -is referred to as
"global" to that block. A global identifier retains its -values and
characteristics as the ©blocks to which it is global are entered and
exited.



14
ALGOL REFERENCE MANUAL

As the following program illustrates, an identifier can be local to one
block but global to another block.

BEGIN
FILE PRTR(KIND
REAL A
A := 4,2 @ -1: % FIRST STATEMENT OF OUTER BLOCK
BEGIN
LIST L1 (A);
Lo IEGER A,
LIST L2 (A);:
A := 3; % FIRST STATEMENT OF INNER BLOCK
WRITE (PRTR. */, L1):
WRITE (PRTR, */, L2);

END; % OF INNER BLOCK

A 1= A*A;

WRITE (PRTR, */, A):

END. % OF PROGRAM

PRINTER);

In the preceding example, the identifier &4 that 1is declared REAL Iis
global to the inner block. The A declared as type INTEGER in the inner
block is local to the inner block, so when the inner block 1is exited,
the integer A and its value, 3, are lost. Within the scope of integer
A, a reference to A is a reference to the integer A, not to the global,

real A. At the time the declaration for list L1 is compiled, the
declaration for local A has not been seen, so 1list L1 <contains the
global, real A. However, the list L2 contains the local, integer A.

The A referenced in the outer block is the A that was declared REAL and
assigned the value 4.2 @ -1. The result of the first WRITE statement is
"A=0.42". The result of the second WRITE statement is "A=3". The
result of the third WRITE statement is "A=0.1764", which equals
4.2 @ -1 * 4.2 @ -1.

Global identifiers are used in inner blocks for the following reasons:

1. To carry values that have been calculated in an outer block
into the inner block

2. To carry a value calculated inside the block to an outer block

3. To preserve a value calculated within a block for use 1in a
later entry to the same block

4. To transmit a value from one block to another block that does
not contain and is not contained by the first block
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LANGUAGE COMPONENTS

Language components are the building blocks of ALGOL. They consist of
basic symbols, such as digits and letters, and symbol constructs, which
are those groups of basic symbols that are recognized by the ALGOL
compiler.

Syntax

<language component>

----<(basic symbol>-—-——-——- |

|-<symbol construct>-|

{symbol construct>

—-—---<define invocation>----|

| |

|—<identifier>-—————-- |
| I

|-<number>--—-——————=—- |

|—<remarky———————————= |

|-<reserved word>----- |

|-<string literal>----|
Semantics

Basic symbols, identifiers, numbers, remarks, and string 1literals are
described under separate headings in this chapter.

Because the define invocation is <closely 1linked to the DEFINE
declaration, the define invocation is explained under "DEFINE
Declaration” in the chapter "Declarations."

Reserved words are described and 1listed in the appendix "Reserved
Words."
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BASIC SYMBOL
Syntax

<basic symbol>

—----<letter>------- |
! |
|-<digit>—~~~- |
] |
|-<delimiter>-|

<letter>

Any one of the uppercase (capital) letters A through Z.

<digit>

Any one of the Arabic numerals O through 9.

<delimiter>

-—-~—<(pbracket>-———- |
! I
|-<operator>-|
I |

|-<space>-———|
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<bracket>

|- RB —=—-|

<parameter delimiter>

-- )"<letter string>"( --|

<letter string>

Any character string not containing a quotation mark (").

<operator>

---=-<arithmetic operator>--————-——————- |
I ' !
|-<logical operator>-----——------- !

! |
|-<relational operator>-——-—-----—- |
| !

|-<string concatenation operator>-|

17
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<arithmetic operator>

|- %% —mme

<logical operator>
---- NOT ~----|

[ |
|- AND -|

<relational operator>

----<string relational operator>----|



Language Components
<string relational operator>

---~ LEQ -=--

|- GEQ -|
I I
|- >= -
<string cdncatenation operator>
-—-= CAT ----1}

I I
(= 1 ==

<space>

-—-—--<single space>--——-|

<single space>

One blank character.

19
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Semantics
Only wuppercase letters are permitted. Lowercase letters are
specifically disallowed. Individual 1letters do not have particular

meanings eXcept as used in pictures and formats.

Digits are used to form numbers, identifiers, and string literals.

Delimiters include operators, spaces, and brackets. An . important
function of these elements is to delimit the various entities that make
up a program.  Each delimiter has a fixed meaning, which, if not
obvious, 1is explained elsewhere in this manual in the syntax of
appropriate constructs. Basic symbols that are words, such as some
delimiters and operators, are reserved for specific use in the language.
A complete list of these words, called reserved words, and details of
the applicable restrictions are given in the appendix "Reserved Words."

In ALGOL .60, spaces have no significance, because such language
components as BEGIN are construed as one basic symbol. However, in a
machine implementation of such a language, this approach is not
convenient for programmers. In ALGOL, for example, BEGIN is composed of
five letters, TRUE of four letters, and PROCEDURE of nine letters. No
space can appear between the letters of a reserved word; otherwise, the
reserved word is interpreted as two or more elements.

Reserved words and basic symbols are used, together with variables and
numbers, to form expressions, statements, and declarations. Because
‘'some of these constructs place programmer-defined identifiers next to
delimiters composed of letters, these identifiers and delimiters must be
separated. Therefore, a space must separate any two language components
of the following forms:

1. Delimiter composed of letters

2. Identifier

()

. Boolean value
4. Unsigned number
Aside from these requirements, the use of a space between any two

language components is optional. The meanings of the two language
components are not affected by the presence or absence of the space.
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IDENTIFIER

Syntax

<identifier>

-—<letter>-—-----------————m— e I

! |
- _ - |

Semantics

Identifiers have no intrinsic meaning. They are names for variables,
arrays, procedures, and so forth. An identifier must start with a
letter, which can be followed by any combination of letters, digits, and
underscore characters (_).

Pragmatics

The scopes of identifiers are described 1in "Scope" in the chapter
"Program Structure."

See also
SCOPE « v v v v « o o o o o o o o 4 e e 4 e e e e e e e e e e .12

Examples

Valid Identifiers

B5S

YSQUARE
EQUITY
RETURN_RATE
D2R271GL
TEST_1
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invalid Identifiers

1776

2BAD

$

X-Y

NET GAINS
NO.

_TEST
BEGIN

ALGOL REFERENCE MANUAL

Reason

Does not begin with a letter
Does not begin with a letter
"$" pnot an allowed character
"-" not an allowed character
Blank spaces not allowed

"." not an allowed character
Does not begin with a letter
Reserved word
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NUMBER
Syntax
<number >
————————————— <unsigned number>--|
| |
|-<sign>-|
<sign>
——— 4 -—__'

<unsigned number)>

—----<decimal number>-------———-—-—---—----— l

|
|
I
!

-<exponent partd>---------———o——————- I

<decimal number>

—---<unsigned integer >-————-—-—Sm———o=e—————————

l
l
i
|
i

-<decimal fraction>------———----o—m—————— |

<unsigned integer>

———-<digit>----|

<decimal fraction>

. ——<unsigned integer>--|

23
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<(exponent part>

-—- @ —--=——=—- <integer>--—|

————————————— <unsigned integer>--|

|-<sign>-|

Semantics

No space can appear within a decimal number. All numbers that do not
contain the double-precision exponent delimiter "@@" are considered to
be single-precision numbers.

Examples
Unsigned Integers Decimal Fractions Decimal Numbers
5 .5 69
69 .69 . 546
.013 3.98
25
Integers EXponent Parts Unsigned Numbers
1776 @8 99.44
-62256 @-06 @-11
+548 @+54 1354.543@48
@Rle .186404

Valid Numbers

+545627657893
1.75@~46
—4.31468

~-@2

.375
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Invalid Numbers Reason
50 00.5@8 8 Blanks spaces are not allowed.
1,505,278 Commas are not allowed.
@63.4 ExXponent part must be an integer.
1.667E-01 "E" is not allowed for exponent part.

Number Ranges

The sets of numbers that can be represented in ALGOL are symmetrical
with respect to zero; that is, the negative number corresponding to any
valid positive number can also be expressed in the language and the
object program.

The largest and smallest integers and numbers that can be represented
are as follows (decimal versions are approximate):

1. Any integer between plus and minus 549755813887 = 8**13 -1 =
4"O07FFFFFFFFF", inclusive, can be represented in integer form.

2. For single-precision numbers:

a. The largest, positive, normalized, single-precision number
that can be represented is 4.31359146674Q@68 = (8**13 - 1)
* 8**63 = 4"1FFFFFFFFFFF".

b. The smallest, positive, normalized, single-precision
number that can be represented is 8.75811540204@-47 =
8**(-51) = 4"3F9000000000".

[

Zero and numbers with absolute values between the largest and

smallest values given above can be represented as

single-precision real numbers.

3. For double-precision numbers:
a. The largest, positive, normalized, double-precision number
that can be represented is
1.94882838205028079124467@R29603 = (8**13 - 8**(-13)) *

8**32767 = 4"1FFFFFFFFFFFFFFFFFFFFFFF".

b. The smallest, positive, normalized, double-precision
number that can be represented is
1.9385458571375858335564Q@@-29581 8**(-32755) =
4" 3F9000000000FF8000000000".

Zero and numbers with absolute values between the largest and
smallest values given above can be represented as
double-precision numbers.
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Compiler Number cConversion

The ALGOL compiler can convert into internal format a maximum of 24
significant decimal digits of mantissa 1in double precision. The
"effective exXponent," which is the explicit exponent value following the
"@@" sign minus the number of digits to the right of the decimal point,

must be less than 29604 in absolute wvalue. For example, the final
fractional Zero cannot be specified in the smallest, positive,
normalized, double-precision number shown above: -29581 - (23
fractional digits) = -29604. Leading 2zeros are not counted in

determining the number of significant digits. For example, 0.0002 has
one significant digit, but 1.0002 has five significant digits.

The compiler accepts any value that can be represented in double
precision (not more than 24 significant decimal digits) as an unsigned
number. If this unsigned number does not contain an exponent part with
"@@" (specifying a double-precision value). then the single-precision
representation of that value is used. If the value represented by the
significant digits of such an unsigned number, when disregarding the
placement of the decimal point, is greater than 549755813887, then some
precision 1is 1lost 1if the unsigned number 1is converted to single
precision.

Exponents

The exponent part is a scale factor expressed as an integer power of 10.
The eXponent part "@@ <integer>" signifies that the entire number is a
double-precision value.

If the form of the unsigned number used includes only an exponent part,
& decimal number of 1 is assumed. For example, @-11 is interpreted as
1@-11.
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REMARK
Syntax

{remark>
--—-<end remark>---—-—-= |
| | |
|-<comment remark>-|
| |
|-<escape remark>--|

<end remark>
Any sequence of letters, digits, and spaces not containing the
reserved words END, ELSE, or UNTIL.

<comment remark>

-—- COMMENT --<comment characters>-- ; —-|

<comment characters>

Any sequence of EBCDIC characters not containing a semicolon ().

<(escape remark>

-- % —--<escape text>-—-|

<escape text>

Any sequence of EBCDIC characters.
Semantics

Remarks are provided as methods of inserting program documentation
throughout an ALGOL source file.

The end remark can follow the 1language component END. The compiler
recoghizes the termination of the end remark when it encounters one of
the reserved words END, ELSE, or UNTIL. or any nonalphabetic, nonnumeric
EBCDIC character. Defines are not expanded within an end remark.
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The comment remark is delimited by the word "COMMENT" at the beginning
and a semicolon (;) at the end. The comment remark can appear between
any two language components except within editing specifications.

Because remarkes, string literals, and define invocations are language
components, a comment remark is not recognized within a string literal,
a define invocation, or another remark. Comment remarks can contain the
dollar sign ($)., but the comment remark must not contain a dollar sign
as the first nonblank character on a source record. If a dollar sign is
the first nonblank character on a source record, the compiler interprets
the source record as a compiler control record.

The percent sign (%) preceding escape text in an escape remark can
follow any language component that is not = contained 1in editing
specifications. The escape remark begins with the percent sign and
extends to the beginning of the sequence number field of the record.
The compiler does not examine the escape remark. When the percent sign
that precedes an escape remark 1is encountered, the compiler skips
immediately to the next record of the source file before continuing the
compilation.

Examples

The following program illustrates some syntactically correct uses of the
remark. .

BEGIN
FILE F(KIND=PRINTER COMMENT;):
FORMAT COMMENT; FMT COMMENT; (A4,I6);
PROCEDURE P(X,COMMENT;Y,Z);
REAL X,Y COMMENT:; ,Z; % PERCENT SIGN CAN BE USED HERE
X := Y + COMMENT: Z; % HERE TOC
IF COMMENT; 7 > 5 THEN
WRITE(F,<"OK">):
IF 4 COMMENT: > 2 THEN
WRITE(F.<"OK">)};
IF 8 > 5 THEN
WRITE COMMENT;(F,<"OK">):
END OF PROGRAM.
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The following program illustrates some invalid uses of the remark.

BEGIN
FILE F(KIND=PRINTER); v
FORMAT FMT(13,F10.3 COMMENT; ,A4);
ARRAY A[0:99];
REAL X;
FORMAT ("ABC", % CANNOT BE USED. "DEE");
WRITE(F, <"INVALID USE" COMMENT;>);
REPLACE POINTER(A) BY "ABCD COMMENT;EFGHIJ";
X := "AB,COMMENT;C"; .
COMMENT CANNOT BE USED HERE COMMENT; EITHER;
END.

29
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STRING LITERAL

Syntax

<string literal>

--—-<simple string literal>----|

<simple string literal>
----<numeric string literal>----|

| f

|-<aloha string literal>---|

<numeric string literal>

-—-—<binary code>-- " -—<binary string>-- " ----=----——-——-
' |
|-<quaternary code>-- " --<quaternary string>-- " ---|
I |
|-<octal code>-- " --<octal string>-=~ " ————cm——m———- |

|-<hexadecimal code>-- " --<(hexadecimal string>-- " -|
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<binary code>

(binary string>

| (=mmmmmm

L et

|- 1 =
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<guatern

<guaternary string>'

ary code>

240 -|
|
26 —-|
l
260 -|
I
27 —-|
|
270 -|
l
28 —-|
I
280 -|

ALGOL REFERENCE MANUAL

—--—-<¢octal character>-——-|
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<octal character>

|- 470 -|
I B
|- 48 --|
l l
|- 480 -|

<hexadecimal string>

--——<hexadecimal character>----|
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<hexadecimal character>

| -<BCL code>-| |
| !
|~-<ASCII code>-- " --<ASCII string>-- " ----|
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<EBCDIC code>
|- 80 —|

<EBCDIC string>

<EBCDIC character>

Any one of the 256 possible EBCDIC characters.

<BCL code>

- 60 -1

<BCL string>

~—<EBCDIC string>--|

<ASCII code>

35
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<ASCII character>

Any one of the 128 possible ASCII characters.
Semantics
Character Size

Strings can be composed of binary (1l-bit) characters, quaternary (2-bit)
characters, octal (3-bit) characters, hexadecimal (4-bit) characters,
BCL (6-bit) characters, ASCII (7-bit in 8-bit format) characters, or
EBCDIC (8-bit) characters. The word formats of various character types
are described under "Character Representation" in the appendix "Data
Representation.”

See also »
Character Representation. . . . . . . . . . . . . . . . . . . . 808

String Code

The string code determines the interpretation of the characters between
the gquotation marks (") of a string literal. The string code specifies
the character set and, for strings of less than 48 bits, the
justification. The first digit of the string code specifies the
character set in which the source string is written. The next nonzero
digit (if any) specifies the internal character size of the string to be
created by the compiler. 1If no nonzero digit is specified, the internal
size 1is the same as the source size. If the internal size is different
from the source size, the length of the string must be an integral
number of internal characters. For example, the string 1literal
48"C1C2C3C4" is an EBCDIC string eXpressed in terms of hexadecimal
characters.

If the string literal contains fewer than 48 bits, a trailing 2zero in
the string code specifies that the string 1literal 1is to ©be
left-justified within the word and that trailing zeros are to fill out
the remainder of the word.

If the string literal contains fewer than 48 bits, the absence of a
trailing zero in the string code specifies that the string literal is to
be right-justified within the word and that leading zeros are to fill
out the remainder of the word.
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If the string literal contains 48 or more bits, the presence or absence
of a trailing zero in the string code has nc effect.

If the string code is not specified, the source string and the internal
representation of the string are of the default character type. For
more information, refer to "Default Character Type" in the appendix
"Data Representation."”

See also
Default Character Type. . . . « + ¢ « ¢ « o« o « « o « « « « « . 817

String Length

The maximum length permitted for a simple  string literal is 256
characters; the maximum length permitted for a string literal is 4095
characters. However, when a string literal is used as an arithmetic
primary, it must not exceed 48 bits in length.

Internally, a string literal of 48 bits or less is represented in the
object code as an 8-bit, l6-bit, or 48-bit literal. . A string literal
more than 48 bits long is stored in a "pool array" created by the
compiler. An internal pointer carries the character size and address of
the string within the pool array.

BCIL. Strings

BCL strings can contain any EBCDIC character. However, any EBCDIC
character that 'does not have a BCL equivalent is translated by the
compiler into a BCL question mark (36"14").

NOTE

The BCL data type is not supported on all
A Series and B 5000/B 6000/B 7000 Series
systems. The appearance of a BCL
construct that may cause the creation of
a BCL descriptor, such as a BCL string
literal more than 96 bits 1long, will
cause the program to get a compile-time
warning message.
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ASCII Strings

The ASCII string code can be used only with ASCII strings composed
entirely of characters that have corresponding EBCDIC graphics. This is
because the compiler recognizes only ASCII characters that have
corresponding EBCDIC graphics.

The compiler translates each ASCII character into an . 8-bit character.
The rightmost seven bits are the ASCII representation of that character;:
the leftmost bit is 0.

ASCII characters that are not in the EBCDIC character set must be
written as a hexadecimal string in which each pair of hexadecimal
characters represents the internal code of one ASCII character,
right-justified with a leading 0 bit.

Quotation Mark

The quotation mark (") can appear only as the first character of a

simple string 1literal. Strings with internal quotation marks must be
broken into separate simple strings by using three quotation marks in
succession. For example, the string 1literal ""ABC" represents the

string "ABC, and the string literal "A"""BC" represents the string A"BC.

Dollar Sign

String literals can contain the dollar sign ($). The dollar sign must

- not be the first nonblank character on a source record. If a dollar

sign is the first nonblank character on a source record, the compiler
interprets the source record as a compiler control record.
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4 DECLARATIONS

A declaration associates certain characteristics and structures with an
identifier. In an ALGOL program,. every identifier must be declared

before it is used.

The compiler ensures that

subsequent usage of an

identifier in a program is consistent with its declaration.

Syntax

<declaration>

Each of the following metatokens represents a valid ALGOL declaration.

<array declaration>

<array reference declaration>
<Boolean declaration>

<complex declaration>

<define declaration>

<direct array declaration>
<double declaration>

<dump declaration>

<event array declaration>
<event declaration>

<export declaration>

<file declaration>

<format declaration>

<forward interrupt declaration>
<forward procedure declaration>
<forward switch label declaration>
<integer declaration>
<interrupt declaration>

<label declaration>

<library declaration>

<list declaration>

<monitor declaration>

<output message array declaration>
<picture declaration>
<pointer declaration>
<(procedure declaration>

<real declaration>

<string array declaration>
<string declaration>

<switch file declaration»>
<switch format declaration>
<switch label declaration>
<switch list declaration>
<task array declaration>
<task declaration>

<translate table declaration>
<truth set declaration>
<value array declaration>
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one or nmore identifiers to represent

arrays of specified fixed dimensions.

Syntax

<array declaration»>

<array class>

-——-<type>

bl 1

|-<character type>-|

<type>

---- BOOLEAN ----|

|- COMPLEX -|
:— DOUBLE ——:
!

;— INTEGER —:
:- REAL ——-—:
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<character type>
---— ASCII ----- I

I |
|- BCL ----|

| I
|- EBCDIC -|

| |
|- HEX -———|
<array identifier>
An <identifier> that 1is associated with an array in an
declaration.
<character array identifier>
An <array identifier>, <array reference identifier>, <direct
identifier>, or <value array identifier> that was declared
<character type>.
<word array identifier>
An <array identifier>, <array reference identifier>, <direct

identifier>, or <value array identifier> that was declared
<(type>.

<bound pair list>

----<bound pair>----|

<bound pair>

~—-<lower bound>-- : --<upper bound>--|

<lower bound>

——<arithmetic expression>-—-|

<upper bound>

—-—<arithmetic expression>--—|

ARRAY

array
with a

array
with a
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<array row equivalence>

——<identifier>-- [ =-<lower bound>-- ] - = ~-<array row>—-|

<array row>
-—--c<one-dimensional array name>----|
| o , i
|-<array name>--<row selector>-|

<one-dimensional array name>

An <array name> whose identifier was declared with one dimension.

<array name>
----<array identifier>-------——=--m-- I

|-<direct array identifier>----|

| |
|-<array reference -identifier>-|

! I

|-<value array identifier>----- f

<row selector>

<subscript>

--<arithmetic expression>--|

<array designator>
—=<array Name)=——==—smm==— e e A

|-<subarray selector>-|
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<subarray selector>

---<subscript>-- , ---

See also
<array reference identifier>. . . . . . . ¢ ¢ ¢ ¢« e+« . . . 52
<direct array identifier> . . ¢ ¢ ¢ ¢ i i i ¢ v 4« e e e + « « . 68
<value array identifier>. . . ¢ ¢ ¢ v ¢ v e i e e e e e e . ... 214
Semantics

After an array has been declared in an ARRAY declaration, values can be
stored in and retrieved from the elements of the array by the use of
subscripted variables, which are comprised of the array identifier and a
subscript list.

LONG Arrays

The LONG specification affects only array rows (see the description of
array row below). Normally, an array row longer than 1024 words is
automatically paged (segmented) at run time into segments of 256 words
each. "LONG" specifies that the array is not to be paged regardless of
its length.

The array size at which an array row 1is automatically paged can be
changed with the ODT command SEGARRAYSTART. (For more information on
the SEGARRAYSTART command, see the "Operator Display Terminal (ODT)
Reference Manual.") Arrays smaller than 1024 words are never paged.

OWN Arrays

If an array is declared to be OWN, the array and 1its contents are
retained on exit from the block in which the array is declared and are
available on subsequent re-entry into the block.

Own arrays are allocated only once, regardless of how many times entry
is made into the block in which the array is declared. 1If the own array
is declared with variable bounds, these bounds are evaluated once when
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the ‘array is allocated, and the affected dimension retéins these bounds
for the remainder of the execution of the program (unless the array is
resized; refer to "RESIZE Statement").

Arrays notbdeclafed as own are deallocated on exit from the block in
which they are declared and are reallocated on every entry into the
block in which they are declared.

Array Class

Arrays declared in the same ARRAY declaration are of the same array
class. If the array class is omitted, REAL is assumed.

Arrays not declared with a character type are called "word arrays."
Arrays declared with a character type are called “character arrays."

Word and character arrays can be passed as parameters and used as array
rows. Character arrays can be used as simple pointer expressions.

NOTE

The BCL data.type is not supported on all
A Series and B 5000/B 6000/B 700C Series
systems. The appearance of a BCL
construct that may cause the creation of
a BCL descriptor, such as a BCL array,
will cause the program to get a
compile-time warning message.

Element Width

The element width of an array is the number of bits used to contain each
element of the array. The element width is determined by the array
class, as follows:

DOUBLE, COMPLEX: 96 bits (double word)
INTEGER, REAL, BOOLEAN: 48 bits (single word)
EBCDIC. ASCII: 8 bits (6 characters per word)
BCL: 6 bits (8 characters per word)

HEX: 4 bits (12 characters per word)
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Within the computer, arrays are manipulated by means of descriptors;
each descriptor specifies an element width appropriate to the array
class: single- and double-word descriptors are used for word arrays:
4-, ©6-, and 8-bit descriptors are used for character arrays. Note that
6-bit descriptors are obsolete and are not supported on some systems.

Because complex and double array elements are composed o©of two 48-bit
words, the two words are allocated contiguously. The layout of a
complex array is as follows: the real part of the first element, the
imaginary part of the first element, the real part of the second
element, the imaginary part of the second element, and so on.
Similarly, the layout of a double array is as follows: the first word
of the first element. the second word of the first element, the first
word of the second element, the second word of the second element, and
so on. For information on the internal representation of double and
complex operands, refer to "Two-Word Operand" in the appendix "Data
Representation.”

See also
Two—-Word Operand. . « « « + o « & o o o o o o o 4 « o o« o o+ « . B24

Bound Pair List

The subscript bounds for an array are given in the first bound pair list
following the array identifier. The bound pair list gives the lower and
upper bounds of all dimensions taken in order from left to right. In
all cases, upper bounds must not be less than their associated lower
bounds.

Arithmetic expressions used as array dimansion bounds are evaluated once
(from 1left toc right) on entering the block in which the array is
declared. These expressions can depend only on values that are global
tc that block or passed in as actual parameters. The results of the
arithmetic eXxpressions are integerized. Arrays declared in the
outermost block must use constant or constant expression bounds.

Original and Referred Arrays

Every array identifier that is declared with a bound pair 1list 1is an
original array,., which is distinct from all other original arrays.

There are three other ways to associate an identifier with an array:
array row equivalence, array reference assignment, and array
specification in a PROCEDURE declaration. In each of these cases, the
identifier refers to the same data as some original array. Such an
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identifier is called a "referred array." An array row eguivalence or
array reference assignment can cause an array identifier of one array
class to refer to data in an original array of another array class.

Dimensionality

The dimensionality (number of dimensions) of an original array is the
number of bound pairs in the bound pair list with which the array is
declared. Arrays cannot have more than 16 dimensions.

The size (number of elements) of each dimension of an array declared
with a given bound pair is given by the following expression:

<upper bound> - <lower bound> + 1

The maximum size of a dimension is 2**20-1 elements.

Array Row Equivalence

An array row equivalence causes the declared array identifier to refer
to the same data as the specified array row. That array row can be an
original array or another referred array. The declared identifier is an
equivalent array.

The size of the declared array is determined by the size and element
width of the array row and the element width for the array class of this
declaration. Let Sa and Wa be the size and element width of the array
row, and We be the element width for the equivalent array. The size of
the equivalent array, Se, is then

Se := (Sa * Wa) DIV We

Because of the truncation implicit in the DIV operation, Se * We might
be less than Sa * Wa. 1In this case, indexing the equivalent array by
Se + <lower bound> causes an invalid index fault. Nevertheless, pointer
operations that use the equivalent array can access the entire area of
memory allocated to the original array to which the array identifier
ultimately refers: the memory area may hold more than Se elements of
width We.
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The array row equivalence allows the programmer to reference the same
array row with two or more identifiers. Each identifier can reference
the same data with different type, character type. or lower bound
specifications. For example, in the following program, after the
assignment I{2] := 25.234 is executed, both I[2] and R[0] contain the
value 25.0, but after the assignment R[0] := 25.234 is executed, both
I{2] and R[0O] contain the value 25.234.

BEGIN
REAL ARRAY R[0:9];
INTEGER ARRAY I[2] = R; % Array row equivalence. The INTEGER
% array I refers to the same data as
% the REAL array R.

I{2]1 :
R[O] :
END.

5.234;
5.234;

n

2
2

The array row edquivalence part cannot appear in an ARRAY declaration
that declares an own array. For example,

OWN ARRAY A{0] = B

is an invalid declaration. An array declaréd with an array row
equivalence part is own if and only if the array to which it is equated
is own.

Note: There are subtle restrictions on the correct declaration and use
of an array row equivalence where the array row of the declaration is a
row of an array reference, because the default state of an array
reference variable is uninitialized.

If the array reference is one-dimensional and has the same element width
as the new array, then the two identifiers become synonyms: whenever
the array reference variable is assigned a value, the equivalent array
describes the same data.

Otherwise, the array row equivalence is established from the value of
the array reference variable at the <+«ime of entry into the block
containing the array row equivalence declaration; later assignments to
the array reference variable do not affect the array row equivalence.
Therefore, for the declaration to be useful, the array reference
variable must have been declared and initialized in a scope global to
the block declaring the array row equivalence.
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Subarray Selector

A subarray selector selects part of an array by specifying subscripts
for high-order dimensions and leaving others unspecified. The
unspecified dimensions are indicated by an asterisk (*). The
dimensionality of the subarray 'is the number of asterisks in the
subarray selector.

The total number of subscripts and asterisks in a subarray selector must
equal the dimensionality of the array identifier to which the subarray
selector is suffixed. 1In the degenerate. case of no subscripts, the
number of asterisks equals that dimensionality, and the subarray is the
whole array. In all other cases, the subarray selector specifies a
subarray of reduced dimensionality.

For example, given the declarations

ARRAY A[0:9,1:40,0:99];
INTEGER I,J; % (ASSUME O <=1 <=9 AND 1 <= J <= 40)

then

A and A[*,*,*] Denote the entire three-dimensional array

A[T,*,*] Denotes one of the ten two-dimensional arrays
that constitute A
AlI,J,%) benotes one of the 40 one~dimensional arrays

(array rows) that constitute A[I,*,*], and
one of the 400 one-dimensional arrays that
constitute A

Array Row

An array row is a one-dimensional array designator.

Row Selector

A row selector is the limiting case of a subarray selector, with only
one asterisk.
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Pragmatics-

The maximum value of <lower bound> is 131,071; the minimum value of
<lower bound>» is =-131,071.

The maximum length of an array is 2**20-1.

When "LONG" is specified, the maximum size of an array row is determined
by the overlay row size of the system, Which is specified at cold-start
time.

For non-own arrays. an array is unreferenced from the time the program
enters the Dblock in which the array 1is declared wuntil the first
execution of a statement that refers to the array. Once such a
statement is encountered, the array is referenced or "touched”" until the
program exits the block. For an array declared OWN, the array is
unreferenced from the time the program begins execution until the first
execution of a statement referencing the array 1is encountered. Once
such a statement 1is encountered, the array 1is referenced for the
remainder of program execution.

For character arrays, the actual storage area allocated is the number of
whole - words sufficient to contain the specified number of characters.
Using pointer operations, the last portion of the last word in the area
can be referenced, even if this portion is beyond the valid subscript
range. For example, if array A is declared "EBCDIC ARRAY A[0:3]", the
characters corresponding to A[4] and A[5] can be referenced using a
pointer operation.

Examples

INTEGER ARRAY DOG[0:5.0:25,1:7,4:16]
Declares DOG, a four-dimensional array made up of 6 * 26 * 7 * 13 =
14196 integer elements.

OWN REAL ARRAY STUB[0:9]

Declares STUB, a one-dimensional own array made up of 10 real
elements.
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REAL ARRAY GROUP_REAL[0:17], CAD[400:500,1:50]

Declares twec real arrays: GROUP_REAL, which is a one-dimensional
array, and CAD, which is a two-dimensional array.

EBCDIC ARRAY GROUP_EBCDIC[0] = GROUP_REAL[*)

Declares the EBCDIC array GROUP_EBCDIC. Array row equivalence
causes GROUP_EBCDIC to refer 'to the same data as the previously
declared real array GROUP_REAL. Note that the element - width of
GROUP_REAL 1is 48 bits, whereas the element width of GROUP_EBCDIC is
eight bits. This means that a reference to a single element in
GROUP_REAL refers to 48 bits, and a reference to a single element in
GROUP_EBCDIC refers to eight bits.

ARRAY XRAY[X+Y+Z:3*A+B]

Declares XRAY, a one-dimensional array. Because no array class is
specified, the array class of XRAY is real. The lower bound is the
integerized valve of X + Y + Z, and the upper bound 1is the
integerized value of 3 * A + B.

LONG BOOLEAN ARRAY BIG_ARRAY[0:9999]

Declares BIG_ARRAY, a one-dimensional array made up of 10000 Boolean
elements. Because BIG_ARRAY is declared LONG, the array is not
paged (segmented). Because it is not paged, the array occupies
10000 contiguous words in memory.

ARRAY SEGARRAY[0:50000]

Declares SEGARRAY, a one-dimensional array made up of 50001 real
elements. Because SEGARRAY is not declared LONG and the array row
is longer than 1024 words, SEGARRAY is automatically divided at run
time intc segments 256 words long.

COMPLEX ARRAY C[0:2,0:60]
Declares C, a two-dimensional array made up of 3 * 61 = 183 complex

elements. Note that the element width of a complex array is 96 bits
(two words).
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ARRAY REFERENCE DECLARATION

An ARRAY REFERENCE declaration is used to establish an array reference
variable. The array reference assignment statement can then be used to
assign an array or part of an array to this variable.

Syntax

<array reference declaration»

|- DIRECT -~| |-<array class>-|

<array reference identifier>

An <identifier> that is associated with an array reference in an
ARRAY REFERENCE declaration.

<direct array reference identifier>
An <identifier> that is associated with an array reference that is

declared DIRECT in an ARRAY REFERENCE declaration.

<lower bounds>

—---—<arithmetic expression>---—-|

See alsoc
Array ClaSSY> v v v ¢« ¢ o o 4 o o 4 e 4 e e e e 4 4 e e e e.. o 41
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Semantics

Following an array reference assignment, any subsequent use of the array
reference identifier acts as a reference to the array assigned to it.

If the array class is not specified as COMPLEX, the array reference
variable can be declared DIRECT. This allows the array reference
variable to be used in direct I1/0 operations.

NOTE

The BCL data type is not supported on all
A Series and B 5000/B 6000/B 7000 Series
systems. The appearance of a BCL
construct that may cause the creation of
a BCIL descriptor, such as.- a BCL array
reference, will cause the program to get
a compile-time warning message.

If an array class is not specified, REAL is assumed.

The number of dimensions of the array reference variable is determined
by the number of lower bounds 1in its declaration. No more than 16
dimensions are allowed.

The initial state of an array reference variable is uninitialized. Any
attempt to use an uninitialized array reference variable as an array
results in a fault at run time.

See also
Array Reference Assignment. . . . . . . . . . ¢ .+ . .« . - . . . 231
Direct I/O0. . v o ¢ « « 4 & v e 4 o« v 4 4 e 4 e e 4« 4 e« « . . 316
Examples

ARRAY REFERENCE REFARRAY[3]

Declares REFARRAY, an array reference variable with a lower bound of
3. Because an array class is not specified, REFARRAY is a real
array reference variable.
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DIRECT ARRAY REFERENCE DIRREFARRAY[N]
Declares DIRREFARRAY, a direct, real array reference variable with a
lower bound equal to the value of N. Because this array reference
variable is declared to be direct, it can be used in direct I/0.
COMPLEX ARRAY REFERENCE CREF1[{0], CREF2[0,10,10]
Declares two complex array reference variables. CREF1 1is a

one-dimensional array reference variable with a lower bound of zero,
and CREF2 is three-dimensional with lower bounds of O, 10, and 10.
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BOOLEAN DEC TION

A BOOLEAN declaration declares simple varlables that can have Boolean
values of TRUE or FALSE.

Syntax

<Boolean declaration>

|- OWN -} |~<equation part>-|

<Boolean identifier>

An <identifier> that is associated with the BOOLEAN data type in a
BOOLEAN declaration.

<equation part>

-—<identifier>—-- = —--<identifier>--|
Semantics

A simple variable declared to be OWN retains its value when the program
exits the block in which the variable is declared, and that value is
again available when the program re-enters the block in which the
variable is declared.

The equation part causes the simple variable being declared to have the
same address as the simple variable associated with the secona
identifier. This action is called "address equation." An identifier can
be address-eguated only to a previously declared local identifier or to
a global identifier. The first identifier must not have been previously
declared within the block of the equation part.

Address equation is allowed only between integer, real, and Boolean
variables. Because both identifiers of the equation part have the same
address, altering the value of either variable affects the value of both
variables.
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The following example demonstrates the effects of address—-equating
Boolean and real variables.

BEGIN
REAL R;
BOOLEAN B = R;
R := 4; % B = FALSE R = 4.0
B := B OR B.[2:1]: % B = TRUE R = 5.0
B := TRUE: % B = TRUE R=1.0
END.

The OWN specification has noc effect on an address-equated identifier.
The first identifier of an equation part is own only if the second
identifier of the equation part is own.

A BOOLEAN declaration with an equation part is nct allowed in the global
part of a program unit.

Pragmatics

The TRUE or FALSE value of a Boolean simple variable (and the value of
any other Boolean operand) depends only on the low-order bit (bit zero)
of the word. Each of the 48 bits of a Boolean simple variable contains
a Boolean value that can be interrogated or altered by using the partial
word part or concaternation.

When a Boolean simple variable is allocated, it is initialized tc FALSE
(a 48-bit word with all bits equal to zero). However, to ensure
compatibility with ALGOL 60, programmers should exXplicitly initialize
Boolean simple variables with appropriate assignment statements.

The appendix "Data Representation" contains additional information on
the internal structure of a Boolean operand as implemented on A Series
and B 5000/B 6000/B 7000 Series systems.

See alsc
Boolean Operand . . ¢« « v v ¢ v 4o v 4 e e e e e e s e 44 . . . 823
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Examples

BOOLEAN BOOL

Declares BOOL as a Boolean simple variable.

OWN BOOLEAN DONE, ENDOFIT

Declares DONE and ENDOFIT as Boolean simple variables. Because they
are declared OWN, thése simple variables retain their values when
the program exits the block in which they are declared.

BOOLEAN FLAG, BINT = INTGR

Declares FLAG - and BINT as Boolean simple variables, and
address-equates BINT to the previously declared simple variable
INTGR. BINT and INTGR share the same address.
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COMPLEX DECLARAT

A COMPLEX declaration declares a simple variable that can have complex
values.

Syntax

~

<complex declaration>

<complex identifier>

An <identifier> that is associated with the COMPLEX data type in a
COMPLEX declaration.

Semantics

Complex variables allow for the storage and manipulation of complex
values in a program. The interpretation of complex values is the usual
mathematical one. The real and imaginary parts of complex values are
always stored separately as single-precision real values.

Because a real value is a complex value with an imaginary part equal to
zero, the set of real values is a subset of the set of complex values.
Therefore, arithmetic values can be assigned to complex variables, but
complex values cannot be assigned to arithmetic variables.

A simple variable declared to be OWN retains its value when the program
exits the block in which it is declared. That value is again available
when the program re-enters the block in which the variable is declared.
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Pragmatics

The appendix "Data Representation"” contains ‘additional information on
the internal structure of a complex operand as implemented on A Series
and B 5000/B 6000/B 7000 Series systems.

See also _
complex - Operand . . .+ + & ¢ + 4+ o « s 4 o o o s s o « s+« « . . 826

Examples

COMPLEX C1, C2Z

Declares Cl and C2 as complex simple variables.

OWN COMPLEX CURRENT, VOLTAGE, IMP

Declares CURRENT, VOLTAGE, and IMP as complex simple variables.
Because they are declared OWN, these simple variables retain their
values when the program exits the block in which they are declared.
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- DEFINE DECLARATION

The DEFINE declaration causes the compiler to save the specified text
until the associated define identifier 1is encountered 1in a define
invocation. At that point, the saved text is retrieved and compiled as
if the text were located at the position of the define invocation.

Syntax

<define declaration>

—— DEFINE -—-<definition>-——-|
<definition>
-—<jidentifier>—=--=---==—=---mm—e———— = ——(text>—- # —-|

| !
|-<formal symbol part>-|

<define identifier>
An <identifier> that 1is associated with <text> in a DEFINE

declaration.

<formal symbol part>

|- [ -——=-<formal symbol>-—— ] -|

<formal symbol>

-—<identifier>--|
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{text>

Any sequence of valid characters not including a free pound sign (i)
character.

Semantics

A define has two forms: simple and parametric. These forms are readily
differentiated because parametric defines have a series of parameters
(called formal symbols) enclosed in matching parentheses or brackets.

The formal symbols constitute the essential part of a parametric define.
Formal symbols function similarly to the formal parameters of a
PROCEDURE declaration. When a parametric define 1is invoked, wherever
formal symbols appear in the text, a substitution of the corresponding
closed text of the define invocation is made before that part of the
text 1is compiled. References to formal symbols cannot appear outside
the text of the corresponding parametric define. No more than nine
formal symbols are allowed in a parametric define.

Text is bracketed on the left by the equal sign (=) and on the right by
the pound sign (#). The equal sign is said to be "matched" with the
pound sign. The text can be any sequence of characters not containing a
"free" pound sign. A free pound sign is one that is not in a string
literal, not in a remark, and not matched with an equal sign in a define
declaration within the text. The compiler interprets the first free
pound sign as signaling the end of the text. That is, the first free
pound sign is matched with the equal sign that started the text.

Compiler control records occurring within the text are processed
normally if the dollar sign ($) is in column 1 or 2. If the dollar sign
is in column 3 or beyond. a syntax error is generated whenever the
define is invoked.

Define Invocation

A define invocation causes the occurrence of a define identifier to be
replaced by the text associated with the define identifier.
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Syntax

<define invocation>
--<define identifier>-—---—-----—--——---c-———- !

|-<actual text part>-|

<actual text part>

<closed text>
Program text not containing mismatched or unmatched parentheses,

brackets, or quotation marks, and not containing any comma outside
of these bracketing symbols.

Semantics

The invocation of a parametric define causes textual substitution of the
closed texXt into the positions of the associated text indicated by the
corresponding formal symbol. The closed texXt need not be simple; for
exXample, given the DEFINE declaration

DEFINE FORJ(A,B.C) = FOR J := A STEP B UNTIL C #
the define invocation

FORJ(O.B*3,MAX(X,Y,Z))

expands to

FOR J := 0 STEP B*3 UNTIL MAX(X,Y,Z)
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The closed text can be empty in a define invocation. 1In this case, all
occurrences of the corresponding formal symbol in the text are replaced
by no text. For example, given the DEFINE declaration
| DEFINE F(M, N) = M + N #
the define invocation
R := F(, 1):
expands to
R = +1;
which is syntactically correct. However, the statement
R:=F(2,);
expands to
R:=2+;
which is syntactically incorrect.
A define identifier cannot be invoked as a part, rather than the whole,
of a language component such as a string literal or a number. For

example, given the declarations

EBCDIC STRING S;
DEFINE EBCDIC_STR = 8 #;

the statement

S : = EBCDIC_STR"ABC";
is NOT interpreted by the compiler to be equivalent to

S = 8"ABC":
The invocation of define EBCDIC_STR is interpreted by the compiler as a
whole language component, specifically a number, and not as an EBCDIC
code preceding a quoted EBCDIC string. Thus, it appears that a number

is being assigned to a string wvariable, which is illegal, and the
compiler flags the statement with a syntax error.
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In the same manner, given the declarations

REAL R;
DEFINE ITEM = 15 f#:

the statement
R := ITEM;

is legal, but the statement
R := ITEM.30;

is syntactically equivalent to
R := (15).30;

and is illegal.

In the following contexts, the appearance of a define 1identifier does

NOT cause the define to be expanded:

1. Defines are not expanded in an end remark,
an escape remark.

a comment remark, or

2. Defines are not expanded within quoted strings. For example,

given the declaration

DEFINE ONE = THE FIRST #:
the string

"ONE WEEK"
is not equivalent to the string

"THE FIRST WEEK"

(&3]

given the declaration
DEFINE A = PREFIX #;
the identifiers
A_B and ABC
are not expanded tc

PREFIX_ B and PREFIXBC

Defines are not expanded within identifiers. For exanmple,
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4, Define identifiers are not alwaYs expanded when they occur 1in
declarations. If the define identifier occurs in a position
where an identifier can appear, the define identifier 1is not
.expanded. If the define identifier occurs in a position where
an identifier is not expected. the define identifier 1is
expanded. The following examples illustrate this rule:

DEFINE A = ARRAY #;
A B[0:107; % A IS EXPANDED v
REAL A B[0:10]; % A CAN BE INTERPRETED AS AN IDENTIFIER
% IN A REAL DECLARATION. A IS NOT
% EXPANDED. A SYNTAX ERROR RESULTS.
EBCDIC A B[0:10]; % A IS EXPANDED

5. A define identifier is not exXpanded either in the format part
of a FORMAT declaration or in the editing specifications of a
READ statement or WRITE statement. Furthermore, if a FORMAT
declaration or editing specifications are located within the
text of a parametric define, they cannot reference the formal
symbols of that define.

6. A define identifier is not expanded when used in place of a
file or task attribute mnemonic. (Refer to the "I1/0 Subsystem
Reference Manual" for file attribute mnemonics and the "Work
Flow Language (WFL) Reference Manual"™ for task attribute
mnemonics.) In the following exXample, the define identifiers
are not expanded in the FILE declaration or in the VALUE
function.

DEFINE NEVERUSED = NEWTASK #,
PRINTER = REMOTE #;

FILE F(KIND = PRINTER); % INTERPRETED AS PRINTER,
) % NOT REMOTE
T.STATUS := VALUE(NEVERUSED); % INTERPRETED AS NEVERUSED,
% NOT NEWTASK

Pragmatics

If the ALGOL compiler encounters a syntax error while compiling the
combination of the text, actual text part, and formal symbol part at the
occurrence of a define invocation, some or all of the expanded define is
given along with the appropriate error message.



66
DEFINE ALGOL REFERENCE MANUAL

To avoid problems with expanding a define, particularly when an
expression 1is passed in as actual text, each occurrence of a formal
symbol in the text of a parametric define should be enclosed in
parentheses. For example, consider the following program:

BEGIN
BOOLEAN BOOL;
DEFINE
LOGIC1(A.B) = A AND B #,
LOGIC2(A,B) = (A) AND (B) i#;
BOOL := LOGIC1(TRUE OR TRUE, FALSE); % INVOCATION OF LOGIC1
BOOL := LOGIC2(TRUE OR TRUE, FALSE); % INVOCATION OF LOGIC2
END.

The invocation of LOGIC1l above expands to

BOOL := TRUE OR TRUE AND FALSE;

which, because of the order of precedence of Boolean operators,
evaluates as

BOOL := TRUE OR (TRUE AND FALSE);

assigning a value of TRUE to BOOL. In contrast, the invocation of
LOGICZ expands to

BOOL := (TRUE OR TRUE) AND (FALSE);
which assigns a value of FALSE to BOOL.
Passing an updating expression to a parametric define should be done
cautiously. Multiple uses of the corresponding formal symbol cause
multiple updates. For example, given the DEFINE declaration

DEFINE Q(E) = E + 2 * E #
the define invocation

QX := X + 1)
expands to

X::=X+1+2* X :=X+1
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Examples

DEFINE BLANKIT = REPLACE POINTER(LINEOUT) BY " " FOR 22 WORDS #

Declares BLANKIT as a define identifier. Where BLANKIT appears as
an allowable define invocation, it is expanded to

REPLACE POINTER(LINEOUT) BY "™ " FOR 22 WORDS

when the program is compiled.

DEFINE SEC(X) =1 / COS(X) #

Declares SEC as a define identifier with a formal symbol X. If
SEC(N) appears as an allowable define invocation, it is expanded to

1 / COS(N)

when the program is compiled.

DEFINE LENGTH(X,Y) = SQRT(X**2 + Y**2)#
Declares LENGTH as a define identifier with two formal symbols, X
and Y. If LENGTH(3,4) appears as an allowable define invocation, it
is expanded to

SQRT(3**2 + 4%%2)

when the program is compiled.
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DIRECT ARRAY DECL.ARATION

A DIRECT ARRAY declaration declares arrays that can be used in direct
input/output (I/0Q) operations.

Syntax

<direct array declaration>
—-— DIRECT —-———==————— i m e — ARRAY ——————me e e >

J |l |
|- OWN -| |-<array class>-|

<direct array identifier>

An <identifier> that is associated with a direct array in a DIRECT
ARRAY declaration.

<direct array row equivalence>

-—<identifier>-- [ --<lower bound>-- ]} -- = --<direct array row>--|

<direct array row>
--—-¢one-dimensional direct array name>-—--|
1 !
|-<direct array name>--<row selector>-|

<one-dimensional direct array name>

A <direct array name> whose identifier was declared with one
dimension.
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<direct array name>
-—-——<direct array identifier>----————-—5-—-—- |

! !

|~-<direct array reference identifier>-|

See also
€Array ClaSS> . v v v v o o« o o e e e 4 e e e e e e e e e e .. 41
<bound pair 1ist> . . .+ ¢ ¢ ¢ 4 v e v e e e e e e e e s e e . . 42
<direct array reference identifier> . . . . . +« . ¢« < « . . . . 52
<Clower boUNAd> . . . v v i v i e e e e e e e e e e e e e e e e . 42
Crow SELleCtOr>. v v v v v v o v e e e e e e e e e e e e e e o . 43
Semantics

A direct array can be a word array or a character array. Direct arrays
cf type COMPLEX are not allowed.

NOTE

The BCL data type is not supported on all
A Series and B 5000/B 6000/B 7000 Series
systems. The appearance of a BCL
construct that may cause the creation of
a BCL descriptor, such as a direct BCL
array, Wwill cause the program to get a
complle-time warning message.

A direct array can be used in any way that a non-direct array can be
used. However, arbitrary use of direct arrays instead of normal arrays
can seriously degrade overall system efficiency.

4 direct array has certain attributes, which can be programmatically
interrogated and altered before, during, and after an actual I/0
coperation that uses the array. ‘ .

The semantics of the OWN specification are discussed under the "ARRAY
Declaration."”

The dimensionality of a direct array is the number of bound pairs in its
declaration. No more than 16 dimensions are allowed.
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The warning about an array row equivalence declared wusing an array
reference identifier applies with equal force to the case of a direct

array row eqgquivalence declared using a direct array reference
identifier.

Pragmatics

Because a direct array can be used in performing direct I/0 operations,
a direct array is automatically unpaged (unsegmented).

See also
Direct I/0. .+ & & v v & v v e v e 4 4 e e e e e e e e e e <« « . 316

Examples

DIRECT ARRAY DIRARY[0:29]
Declares DIRARY, a one-dimensional direct array. Because no array
class is specified, the array class of DIRARY is REAL.

DIRECT INTEGER ARRAY DIREQVARAY[5] = DIRARY
Declares the direct integer array DIREQVARAY. Array row equivalence

causes the array DIREQVARAY to refer to the same data as the
previously declared direct real array DIRARY.
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DOUBLE DECLARATION

A DOUBLE declaration declares simple variables that can have
double-precision values (that is, 96-bit arithmetic entities).

Syntax

<double declaration>

<double identifier>

An <identifier> that is associated with the DOUBLE data type 1in a
DOUBLE declaration.

Semantics

A simple variable declared to be OWN retains its value when the program
exits the block in which the variable is declared, and that value is
again available when the program re-enters the block in which the
variable is declared.

Pragmatics

When a double-precision simple variable is allocated, it is initialized
to a double-precision zero (two 48-bit words with all bits equal to
zero). However, tc ensure compatibility with ALGOL 60, programmers
should explicitly initialize double-precision simple variables with
appropriate assignment statements.

The appendix "Data Representation" contains additional information on
the internal structure of a double-precision operand as implemented on
A . Series and B 5000/B 6000/B 7000 Series systems.

See alsoc
Double-Precision Operand. . . . . . . .+ « « « « « « « « « « . . B24
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Examples

DOUBLE DUBL

Declares DUBL, a double-precision simple variable.

DOUBLE BIGNUMBER, GIGUNDOUS, DUBLPRECISION

Declares three double-precision variables: BIGNUMBER, GIGUNDOUS,
and DUBLPRECISION.
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DUMP DECLARATION

- The DUMP declaration allows the display of the values of selected items
during the execution of a program.

Syntax

<dump declaration>

|-<array identifier>-|
| |

|-<label identifier>-|

<control part>

-—<label identifier’>---------s--mme e >
i !
| -<dump parameters>-|

<label counter modulus>

-- : —-<unsigned integer>--|

<dump parameters>

j-<label counter>-| |-<bounds part,-|
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<label counter>

-—<simple variable>—-|

<bounds part>
-—---, —-<lower limit >--——------—————m——— oo I
| | !
i |- . ——<upper limit>-|
I |
|- , == , —--<upper limit>-——--=—--————-——- I

<lower limit>

—-—<arithmetic expression>--|

<upper limit>

--<arithmetic expression>