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PREFACE

The HAL Programming Language has been developed by
the staff of Intermetrics, Inc. based on many years of exper-
ience in producing software for aerospace applications.

HAL accomplishes three significant objectives:

® increased readability, through the use of a
natural two-dimensional mathematical format;

e increased reliability, by providing for
selective recognition of common data and sub-
routines, and by incorporating specific data-
protect features;

e real-time control facility, by including a
comprehensive set of real-time control commands
and signal conditions.

Although HAL is designed primarily for programming on-bcard
computers, it is general enough to meet nearly all the needs
in the production, verification and support of aerospace, and
other real-time applications.

The design of HAL exhibits & number of influences, the
greatest being the syntax of PL/1l and ALGOL, and the two-
dimensional format of MAC/360, a language developed at the
Charles Stark Draper Laboratory. With respect to the latter,
Intermetrics wishes to acknowledge the fundamental con-
tribution to the concept and implementation of MAC, made by
Dr. J. Halcombe Laning of the Draper Laboratory.

The HAL/S Language Specification was prepared
by the staff of Intermetrics, Inc. under the direction
of Dr. Philip Newbold, the document's principal author.
Contributions were also made by Arra Avakian, Carl
Helmers, Andy Johnson, Ron Xole, Dan Lickly, Fred
Martin, Joe Saponaro, and Woody Vandever.

Editorial assistance was provided by Lee Hotz,
and the typescript was prepared by the Documentation Department.
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© L INTRODUCTION

. o i

HAL/S is a programming language developed by
Intermetrics, Inc., for the flight software of NASA
programs. HAL/S is intended to satisfy virtually all
of the flight software requirements of NASA programs.
To achieve this, HAL/S incorporates a wide range of
features, including applications-oriented data types and
organizations, real time control mechanisms, and constructs
for systems programming tasks.

As the name indicates, HAL/S is a dialect of :the
original HAL language previously developed by Intermetrics,
Changes have been incecrporated to simplify syntax, curb
excessive generality, or facilitate flight code emission.

1.1 Purpose of the Document.

This document constitutes the formal HAL/S Language
Specification, its scope being limited to the essentials of
HAL/S syntax and semantics. 1Its purpose is to define
completely and unambiguously all aspects of the language.
The Specification is intended to serve as the final arbiter
in all gquestions concerning the HAL/S language. It will be
the purpose of other documents to give a more informal,
tutorial presentation of the language, and to describe the
operaq}onal aspects of the HAL/S programming system.

1.2 Review of the Language.

HAL/S is a higher order language designed to allow
programmers, analysts, and engineers to communicate with
the computer in a form approximating natural mathematical
expression. Parts of the English language are combined with
standard notation to provide a tool that readily encourages
programming without demanding computer hardware expertise.

HAL/S compilers accept two formats of the source text:

the usual single line format, and also a multi-line format
corresponding to the natural notation of ordinary algebra.

1-1
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DATA TYPES AND COMPUTATIONS

HAL/S provides facilitieg for manipulating a number
of different data types. 1Its integer, scalar, vector, and
matrix types, together with the appropriate operators and
built-in functions, provide an extremely powerful tool for
the implementation of guidance and control algorithms. Bit
and character types are alsc incorporated.

HAL/S permits the formation of multi-dimensional ,
arrays of homogeneous data types, and of tree-like structures
which are organizations of non-homogeneous data types.

REAL TIME CONTROL

HAL/S is a real time control language. Defined blocks
of code called programs and tasks can be scheduled for
execution in a variety of different ways. A wide range of
commands for controlling their execution is also provided,
including mechanisms for interfacing with external interrupts
and other environmental conditions.

ERROR RECOVERY

HAL/S contains an elaborate run time error recovery
facility which allows the programmer freedom (within the
constraints of safety) to define his own erxor processing
procedures, or to leave control with the operating system.

SYSTEM LANGUAGE

HAL/S contains a number of features especially
designed to facilitate its application to systems programming.
Thus it substantially eliminates the necessity of using an
assembler language.

PROGRAM RELIABILITY

Program reliability is enhanced when software can, by
its design, create effective isolation between various
sections of code, while maintaining ease of access to commonly
used data. HAL/S is a block oriented language in that blocks
of code may be established with locally defined variables that

1-2
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are not visible from outside the block. Separately
compiled program blocks can be executed together and
communicate through one or more centrally managed and
highly visible data pools. 1In a real time environment,
HAL/S couples these precautions with locking mechanisms
preventing the uncontrolled usage of sensitive data or areas
of code.

1.3 CQutline of the Document.

The formal Specification of HAL/S is contained
in Sections 3 through 10 of this document. Section 2
introduces the notation to be used in the remainder.

The global structure of HAL/S is presented in
Section 3. Data declaration and referencing are presented
in Sections 4 and 5, respectively. Section 6 is devoted to
the formation of different kinds of expressions. Sections
7 through 10 show how these expressions are variousiy used
in executable statements.

Section 7 gives the specification of ordinary
executable statements such as IF statements, assignments,
and so on. Section 8 deals with real time programming.
Section 9 explains the HAL/S error recovery system and
Section 10 the HAL/S I/O capability.

Finally, Section 11 is devoted to system language
features of HAL/S.

1-3
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2. SYNTAX DIAGRAMS AND HAL/S PRIMITIVES

In this Specification, the syntax of the HAL/S
language is represented in the form of syntax dlagrams.

sets of semantic rules. Sometimes the semantic
rules modify or restrict the meaning inherent in the
syntax diagrams. Together the two provide a complete,
unambiguous description of the language. The syntax

“diagrams are mutually dependent in thnat syntactlcal terms

referenced in some diagrams are defined in others. There
are, however, a basic set of syntactical terms for which no
definition is given. These are the HAL/S "primitives".

This Section has two main purposes: to explain how
to read syntax diagrams, and to provide definitions of the
HAL/S primitives. Various aspects of HAL source text which
impact upon the meaning of the d;agrams are also dlscuSFﬂd

briefly.

A syntax diagram Cross Reference Table may be found
in Appendlx A,
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2.1 The HALIS Syntax Diagram.

Syntax diagrams are, essentially, flow diagrams
representing the formal grammar of a language. By tracing
the paths on a diagram, various examples of the language
construct it represents may be created. In this Specification,
the Syntax Diagrams, together with the associated Semantic

Rules, provide a complete and unambiguous definition of the

HAL/S Language. The syntax diagrams are, however, not meant
to be viewed as constituting a "working" grammar (that is,

as an analytical tool for compiler ccnstruction).

A typical example of a syntax diagram is illustrated
below. Following the diagram, a set ¢f rules for reading

it correctly is given.

The rules appiy generally to all

syntax diagrams presented in the ensuing Sections.

basic :
statement

@
A

Q

example:

R nglc%b}@
» @ event exp L9

‘NOW: WAITUNTILT+7.5;

WAIT mm(z‘:’-\"\

| rith eXP  pe——— \

~—{ UNTIL }—ﬂ asith exp f———’
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RULES:

1.

Bvery diagram defines a syntactlcal term. The name

of the term being defined appears in the hexagonal box()
The title of the syntax 4lagram{2) is usually a discursive
description of the syntachisal term. In the case illustra-
ted, the language construc*™ dep1ctud is a particulariza-
tion of the syntactical teram defined (a "WAIT statement"

is an example of(@)).

To generate samples of the construct, the flow path is

to be followed from left to right, from box to box,
arting at the point of juncture of the definition box

é , and ending when the end of the path@ls reached.

The path is moved along until it arrives at a black dot
No "backing up" along points of convergence such
as is allowed. A black dot denotes that a choice of
paths is to be made. The possible number of divergent
paths is arbitrary. s

Potentially infinite loops such as () may sometimes be
encountered. Sometimes there are semantic restrictions
upon how many times such loops may be traversed.

Every time a box is encountered, the syntactical term
it represents is added to the right of the sequence of
terms generated by moving along the flow path. For
example, moving along the path paralleling the dotted
line (8) generates the sequence "WAIT <arith exp>;" (see
Rule 7.)

Boxes with squared corners ,such as @,represent syntactical
terms defined jin other diagrams. Boxes with circular
ends, such as , represent HAL/S primitives. Circular
boxes ,such as {0 contain special characters (see

Section 2.2).

In the text accompanying the syntax diagrams, boxes
containing lower case names are represented by enclosing
the names in the delimiters <>. Thus box becomes
<arith exp>. Upper case names are reserved words of the
language. '

The example given at €§ is an example of HAL/S code
which may be generated by applying the syntax diagram
(since some boxes ,such as for example, are defined in
other syntax diagrams, reference to them may be necessary
to complete the generative process).

N e R e '
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2.2 The HAUS Character Set.
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The HAL/S character set consists of the 52 upper and
lower case alphabetic characters, the numerals zero through
nine, and other symbols. The restricted character set is
the set necessary for the generation of constructs depicted
by the syntax diagiams. The extended character set includes,
) in addition ,«certain other symbols Iegal in such places as

comments and character literals, and is used chlefly for the
purpose of compiler listing annotation.

The follow1ng table gives a complete list of the
characters in the extended set, with a brief lndlcatlon of

alphabetic alphabetic special éh\aracters
| ;
A j : + )
B - k -
c 1 *
D m e
’! E n 3 { '
F o . L operators -
? G p literals,
,. H q identifiers &
I r =
t J s <
I K t >
} : ic}enti fiers, : g )
0 literals, x ,
. P reserved words ¥ :
F’ 2 z J : separators
: R blank)
L s pseudo~alphabetic (
T =
U identifiers ) } delimiters
81 v % macros '
¢ text generation
W b acscape ] additional extended-set
; ¥ numeric symbols
z 0 ) (
1
a 2 | e ]
b 3 identifiers {
{ c 2 literals }
d 5 ? 1
e ?
£ 6
g 7
h 5
i

their principal usage.

‘{»;‘}5?}

hY
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2.3 HAL/S Primitives.
% , HAL/S syntax diagrams ultimately express all syntac-
. i tical elements in terms of a small number of special charac-
’ i ters and pre-defined primitives. Primitives are constructed
; ~ from the characters comprising the HAL/S restricted character
. I, set. There are three broad classes of primitives: "reserved
l ¥ words”, "identifiers”, and "literals".
[ ~
i
F
l
! g
|
I
;
?
) N
C
|
7 !
1
7r
]
|
|
€ 2-5 1
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2.3.1 Reserved Wonds

As their names suggest, reserved words are names

()

recognized to have standard meanings within the language N

and which are unavailable for any other use.

With the

exception of %-macro names, they are constructed from
Reserved words fall into
three categories: keywords, %$-macro, and built-in function

alphabetic characters alone.

names. In the syntax diagrams, and in the accompanying

text, reserved words are lndlcated by upper case characters.
A list of keywords is given in Appendix B, and of built-in

function names in Appendix C.

orign -y K
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2.3.2  Identifiers.

<

o An identifier is a name assigne2“by the programmer to

be a variable, label, or other entity. Before its attributes
are defined, it is syntactically known as an <identifier>. S
Each valid <identifier> must satisfy the following rules: :

® the total number of characters must not exceed 32;
e the first character must be ‘clphabetic;

e any character %xcept the first may be alphabetic
or numeric;

e any character -'except the first or the last may be
a "break character” (_). 4

The definition of an <identifier> generally establishes its
attributes, and ,in particular ,its type. Thereafter because
its type is known,it is given one of the following syntac-
tical names, as appropriate:

<label>

<process-event name> arith (arithmetic)

char (character)

<§ var name> where § 2 { bit
event
<template name> L structure

The manner in which its atéributes are established is
discussed in Section 4. The manner in which it is thereafter
referenced is discussed in Section 5.

2.3.3 Numbens

HAL/S supports three numeric tYpes:f INTEGER, SCALAR, and
FIXED. ;

INTEGER type provides all the signed integers in some
finite range. INTEGER DOUBLE supports & larger range than
INTEGER single. . < _

SCALAR type is represented as floating /Hoint numbers. As
such they are an approximation to the signed%teals (engineering
numbers) within some finite range and with some finite precision.
SCALAR DOUBLE supports a larger range and/or greater precision
than SCALAR single.

A

2-7°
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FIXED type provides an approximation to the reals in the
range minus one to one with some finite precision. FIXED DOUBLE
supports a greater precision than FIXED single. FIXEDs are used
when the computer provides relatively inefficient support for
SCALARs. Jn general, an engineering number = fraction * scaling.
For each engineering number the programmer must choose a scaling
sufficiently large to guarantee that the fraction will always be
in (-1, 1). When performing calculations involving FIXED types,
the programmer must manipulate the scalings to maintAain precision
and guarantee that the scaling of the operands are édmpqtible.

2.3.4 Literads.

Literals are groups of characters expressing their own
values. During the execution of a body of HAL code their
values remain constant. Different rules apply for the forma-
tion of literals of differing type.

RULES FOR ARITHMETIC LITERALS:

1. 'No distinction is made between integer, scalar, and fixed
valued literals. They take on either integer, scalar, or
fixed type according to their context. Similarly, no
distinction is made between single and double precision.
Consequently, arithmetic literals can be represented by the
single syntactical form <number>.

2. The generic form of a <number> is
tdddddd.dddddddd<exponents>

where d = decimal digit.
Any number of decimal digits to an implementation depen-
dent maximum, including none, may appear before or
after the decimal point. The sign and decimal point
are both optional. Any number of <exponents> +o an
implementation dependent maximum may optionally follow.

3. The form of any of the <exponents> may he:

B<power> - 2<power>
E<power> -lo<power>

< > - >
H<power l6<power

where <power> is a signed integer number. The valid
range of values of <power> is implementation dependent.

ORIGINAL PAGE 1S
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4.

[

A literal has an associated scale factor of one.

examples:

0. 123E168-3
45.9
4

RULES FOR BIT LITERALS:

1.

2.

Literals of bit type are denoted syntactically by

<kit literal>.
They have one of
BIN <repetition>
OCT <repetition>
HEX <repetition>
DEC

The <repetition>
positive integer

the forms shown below:

'bbbbbbb ! b = binary digit
'onoooou! o = octal digit

where
‘hhhhhhh' h = hexadecimal digit
'‘ddddddaaqa’ d = decimal digit

is optional and consists of a parenthesized
number. It indicates how many times

the following string is to be used in creating the value.
The number of digits lies between 1 and an implementation
dependent maximum.

The following abbreviated forms are allowed:

TRUE = ON = BIN'l'

FALSE

= BIN'O'

i
Q
=
5]

il

examples:

BIN'1101100011G*
HEX()'F'

I TSRS &5 3 ~ LA 7. ¥ 30 1'% SR
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RULES FOR CHARACTER LITERALS:

1,

2,

3.

5.

=z

/]
/

ﬁiterals of character type are denoted syntacticallj
by <char literal>,

They have one of the two following forms
'ceccecec!
CHAR <repetition> 'ccccccce!

where ¢ is any character in the HAL/S extended
character set. The <repetition> consists of a
parenthesized positive integer literal. It
indicates hew many times the following string is
to be used in creating the value. The number of
characters lies between zero and an implementation
dependent maximum.,

A null character literal (zero characters Iong) is
denoted by two adjacent apostrophes.,

Since an apostrophe delimits the string of characters
inside the literal, an apostrophe must be represented
by two adjacent apostrophes; i.e. the representation

of "dog's" would be 'DOG''S'.

Within a character literal, a special "escape"
mechanism may be employed to indicate a character other
than one in the HAL/S extended character set. "¢" is
defined to be the "escape" character within this context.
In accordance with an implementation dependent mapping
scheme, HAL/S characters will be assigned alternate charac-
ter values., Inclusion of these alternate values in a string
literal is achieved by preceeding the appropriat2 HAL/S
character by the proper number of "escape" characters.

The specified character with the "escape" character(s)
preceeding it will be interpreted as a single character
whose value is defined by the implementation,

Since "¢" is used as the "escape" character, specifica-
tion of the character "¢" as a literal itself must be
done via the alternate character mechanism, i.e. an
implementation will designate an alternate value for
some HAL/S character to be the character "¢",

2-10
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examples:

'ONE TWO THRCE'
‘'DoG''s’
'AB¢AD’ } The implication is that ¢A

. ' and ¢¢A have been defined
AB¢¢AD as alternate characters.

A WG Wb pEs .

128




e o A

s e T

2.4 One-and Two-Dimensional Source Formats. -

In preparing HAL source text,either single or multiple
line format may be used. In the single line or "l-dimensional”
format, exponents and subscripts are written on the same line
as the operands to which they refer. 1In the multiple line or
"2-dimensional” format, exponents are written above the
line containing the operands o which they refer, and subscripts
are written below it. Of the two formats, the 2-dimensional -

is regarded as standard since it closely parallels usual
mathematical practice.

RULES FOR EXPONENTS:

1. In the syntax diagrams, the l-dimensional format is

assumed for clarity. The operation of taking an exponent
is denoted by the operator **,

examples:
AJ -  A**)
JK
A” —» Ao

2. Operations are evaluated right to left (see Section 6.1.1).

3. If an exponent is subscripted, the subscript must be
written in the l-dimensional format.

RULES FOR SUBSCRIPTS:

1l. In the syntax diagrams, the 2-dimensional format is
assumed for clarity. Two special symbol% are used to

denote the descent to a subscript line, and the return
from it:

<:;> descent to subscript line
<::> return from subscript line | *

Effectively they d2limit the beginning and end of
a subscript expression, respectively.

ot
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The l-dimensional format of a subscript expression
consists of delimiting it at the beginning by ${ and
at the end by a right parenthesis.

example:

A, ., = A$(K+2) -

K+2

For certain simple forms of subscript ,the parentheses
may be odmitted. These forms are:-

® a single <number>

e 2 single <arith var name> (se2 Section 5.3).

example:

If a subscript expression contains an exponentiation

operation, the latter must be written in the l-dimensional
format.

o
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2.5 Commen_té and Blanks in the Source Text.

Any HAL source text consists of sequences of HAL/S
primitives interspersed with special characters. It is 0,
obviouesly of great importance for a compiler to be able to
tell the end of one text element from the beginning of the

next. In me.dy cases. the rules for the formation of primitives

are sufficient to define the boundary. 1In others, a blank
character is required as a separator. Blanks are legal in
the following situations: ~
® between two primitives;
® between two special characters;
-, ® Dbetween a primiﬁive and a special character.

Blanks are necessary (not just legal) between two primitives.

With respect to string (bit and character) literals, the single

quote mark serves as a legal separator.

Comments may be imbedded within HAL source text
wherever blanks are legal. A comment is delimited at the
start by the character pair /*, and at the end by the
character nair */. Any characters in the extended character
set may app<ar in the comment (except, of course, for *
followed by /). There are implementation dependent restric-
tions on the overflow of imbedded comments from line to line

of the source text.
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3. HAUS BLOCK STRUCTURE AND ORGAN!ZATION

The largest syntactical unit in the HAL/S language
is the "unit of compilation®. In any implementation, the
HAL/S compiler accepts "source modules" for translation,
and emits "object modules" as /{ result. Each source module
consists of one unit of compilation, plus compiler direc-
tives for its translation.

At run time, an arbitrary number of object modules are
combined to form an executable "program complex"l. Generally,
a program complex contains three different types of object
modules.

"o program modules - characterized by being independ-
ently executable.

® external procedure and function modules - charac-
terized by being callable from other
modules.

® compool modules - forming common data pools for
the program complex.

Each module originates from a unit of compllatlon of corres-
ponding type.

)

1a program complex is executable within the framework of an

executive operating system, and a run time utility library.
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3.1 The Unit of Compilation. J

Each unit of compilation consists of a single PROGRAM,
PROCEDURE, FUNCTION, or COMPOOL biock of code, possibly
preceded by one or more block templates. Templates, in effect,
provide the code block with information about other code
blocks with which it will be combined in object module form
at run time.

e

1
SYNTAX: ‘

unit of compilation @

r—- function block BRI

§

~— program tamplate —] procedure block
4 F: —

compool block
function template L program block SmEand

procedure template

function
\——{ compool template  }—/ § procedure
compool

program

h

SEMANTIC RULES: .

1. A program <compilation> is one containing a <program block>.
Its object module in the program complex may be activated
by the Real Time Executive (see Section 8.), or by other
means dependent on the operating system. The <program
block> is described in Section 3.2.

2. A procedure or function <compilation> is one containing
a <procedure block> or <function block>, respectively.
Its object module in the program complex is executed by
being invoked by other program, procedure or function
modules. Both <procedure block>s and <function block>s
are described in Section 3.3.
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3.

!

A compool <compilation> is cne containing a <compcol block>
specifying a common data pool potentially available to
any program, procedure or function module in the program
complex. The <compool block> is described in Section 3.5.
‘ ,:;/‘
The code block in any < compilation> except a compool
<compilation> may contain references to data in a compool
<compilation>,references to other< program block>s, and
invocations of external < procedure block>s or< function
block>s in other <compilations>s. A <compilation> making
such references must precede its code block with a ;
block template for each such < program block>, < procedure
block>, <function block> or <compool block> referenced.
Block templates are described in Section 3.6.
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3.2 The PROGRAM Block.

The PROGRAM block delimits a main, independently

executable body of HAL/S code.

SYNTAX:

- E
 PROGRAM block 5 /@3
|
~~{ statement m
program header [~ declare grotp . closing f==
example: L task block |~
ALPHA: PROGRAM; ' s
DECLARE Q; h— update block |~
CALL BETA ASSIGN (Q); h— function block =~
BETA: PROCEDURE ASSIGN (W); “~—{procedure block | cod
DECLARE W;
WaW+1;

CLOSE BETA;

CLOSE ALPHA;

| SEMANTIC RULES:

’ 1.

2.

AT K W 3 s 035 8 e i e P

The name of the <program block> is given by the <label>
prefacing the block. ’

The <program block> is delimited by a <program header>
statement at the beginning, and a <closing> at the end.
These two delimiting statements are described in Sections
3.7.1 and 3.7.Q,respectively.

The contents of a <program block> consist of a <declare
group> used to define data local to the <program block>,
followed by any number of executable <statement>s.
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4."-The normal flow of execution of the <statement>s in the
: block is sequential; various types of <statement> may
i modify this normal sequencing in a well-defined way.

5. PROCEDURE, FUNCTION, TASK, and UPDATE blocks may appear
nested within a <program block>. The blocks may be
interspersed between the <statement>s of the <program block>,

t and with the exception of the UPDATE block are not

| g executed in-line.

6. Execution of a <program block> is accomplished by schedul-
ing it as a process under the control of the Real Time
Executive (see Section 8.).
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3.3 PROCEDURE, FUNCTION, and TASK Blocks.

PROCEDURE, FUNCTION, and TASK blocks share a common
purpose in serving to structure HAL/S code into an interlock-
ing modular form. The major semantic distinction between the
three types of block is the manner of their invocation.

SYNTAX:

PROCEDURE ‘ @
FUNCTION block

TASK

§

4 statement -

° § header —declare group B closing

hed update block 1

h—d procedure block

example: ] function block '

NEW: TASK;
1=1;
CLOSE NEW;

SEMANTIC RULES:

1. The name of the block is given by the <label> prefacing
the block. The definition of a block label is considered
to be in the scope of the outer block containing the
block in question. Block names must be unique within

any compilation unit,

2. The block is delimited at its beginning by a header
statement characteristic of the type of block, and at the
end by a <closing>. The delimiting statements are
described in Sections 3.7.1 through 3.7.4.

3. The %ontents of the block consist of a <declare group>
used to declare data local to the block, followed by

any number of executable <statements>s.
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9.

The normal flow of execution of the <statement>s in the
block is seguential; various types of <statement> may
modify this normel sequence in a well-defined way.

The block may cortain further nested PROCEDURE, FUNCTION,
and UPDATE blocks. An UPDATE block may not appear within
an UPDATE “hlock at any level of nesting. The nested blocks
may appear interspersed between the <statement>s of the
outer block, and except for the UPDATE block are not
executed in-line. A consequence of this rule is that
PROCEDURE and FUNCTION blocks may be nested -within each
other to an arbitrary depth.

Execution of <task block> is invoked by scheduling it

as a process under the control of the Real Time Executive
(see Section 8). Execution of a <procedure block> is
invoked by the CALL statement (see Section 7.4.). Execution
of a <function block> is invoked by the appearance of its
name in an expression (see Section 6.4 ).

A <procedure block> or <function block> may result in
either a single out-of-line expansion or an in-line expan-
sion at each invocation. The semantics of a block invoca-
tion is independent of the way it is expanded.

A <task block> may not appear within a DO...END group.

In the <declare group> of a PROCEDURE of FUNCTION block

which forms the outermost code block of a <compilation unit>,

some implementations may regquire all formal parameters to be
declared before any local data.
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3.4 The UPDATE Block.

by two or more real time processes.

The UPDATE block is used to control the sharing of data
Its functional charac-

teristics in this respect are described in Section 8.

SYNTAX:

UPDATE block @ ]

function block |

SEMANTIC RULES:

l.

-If present, the <label> prefacing the <update block>
‘gives the name of the block. If <label> is absent, the
<update block> is unnamed.

The block is delimited at its beginning by an <update

header> statement, and at the end by a <closing>. The
delimiting statements are described in Sections 3.7.1

and 3.7.4.

The contents of the block consist of a <declare group>
used to declare data local to thé <update block>,
followed by any number of executable <statéement>s.

The normal flow of execution of the <statement>s in the
block is sequential; various types of <statement> may
modify this normal sequencing in a well-defined way.

Cnly PROCEDURE and FUNCTION blocks may be nested within
an <.pdate block>. The nested blocks may appear inter-
spersed between the <statement>s of the block, and are
not executed in-line.

3-8
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6.

An <update block> is treated like a <statement>
in that it is executed in-line. 1In this respect
it is different from other code blocks.

The following <statement>s are expressly forbidden inside
an <update block> in view of its special protective
function:

® I/0 statements (see Section 10);

e invocations of <procedure block>s or <function block’s
not themselves nested within the <update block>;

® real-time programming statements, except for the
SIGNAL, SET,and RESET statements (see Section 8.8).
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3.5 The COMPOOL Block.

The COMPOOL block specifies data in a common data pool
to be shared at run time by a number of program, procedure,
or function modules. Vi

Vi
g

SYNTAX:

COMPOOL block @

|

compool
} block
|
|
}

S

fabel . compoo! header declare group closing jpe——

i © SEMANTIC RULES:

1. The name of the block is given by the <label> prefacing
the block. ‘

2. The block is delimited at its beginning by a <compool
’ header> statement, and at its end by a <closing>. The
delimiting statements are described in Sections 3.7.1

and 3.7.4.

3. The contents of the block consist merely of a <declare

' group> used to define the data constituting the compool.
In no sense is a <compool block> to he regarded as an
executable body of code.

4. The maximum number of <compool block>s existing in a
program complex is implementation dependent.

. 3-10
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3.6 Block Templates.

In a <compilation>, block templates are used to provide
the outermost code block of the <compilation> with informa-
tion concerning external code or data blocks. Depending
upon the implementation, the translation of program, procedure,
function, and compool <compilation>s may automatically
generate the corresponding block templates, to be included
in other <compilation>s by compiler directive.

There are four kinds of klock templates, PROGRAM,

PROCEDURE, FUNCTION, and COMPOOL templates, all being
syntactically similar (see Section 3.1).

SYNTAX:

PROGRAM @
PROCEDURE .

§ 9 Funcrion template
COMPOOL

4 @—'@—(EXTERND'ﬂ § header P~ declare group closing -

example:
ETA: EXTERNAL COMPOOL;
DECLARE S SCALAR;
CLOSE ETA;

SEMANTIC RULES:

1. The <label> of the template constitutes the template
name. It is the same name as that of the code block to
which the template corresponds.

2. The block template is delimited at its beginning by a
header statement identical with the header statement. of
the corresponding code block, and at the end by a
<closing>. The delimiting statements are described in
Sections 3.7.1 through 3.7.4.

3-11
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The contents of the block template consist only of a glj
<declare group>, which has the following significance:

® in a <program template>, the <declare group> contains
no statements. All information about external programs
is contained in the <program header> ; . ’

@ in a <compool template>, the <declare group> is used to
declare a common data pool identical with that of the
corresponding <compool block>;

® in a <procedure template> or <function template>, the
<declare group? is used to declare the formal parameters
of the corresponding <procedure block> or <function
block> (see Sections 3.7.2 and 3.7.3).

The keyword EXTERNAL preceding the header statement of
the block template 'distinquishes it from an otherwise
identical code block. To a HAL/S compiler the keyword
is in effect a signal to prevent the compiler from
generating object code for the block and setting aside
space for the data declared.

3-12

W MR - PR i en
- - e s }

i et A Sl A i m s i e it i L - e FEL TR T T i DA




3.7 Block Delimiting Statements.

Both code blocks and block templates are delimited
at the beginning by a header statement characteristic of
- - their type, and at the end by a <closing> statement. In
i all code blocks except for the COMFOOL block, the header
statement is the first statement of the block to be executed

: on entry. A COMPOOL block, containing only declarations of 124
L " data, is, of course, not executable at all.
f .

;
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3.7.1 Simple Header Statements

Simple header statements are those which specify no
parameters to be passed into or out of the block. :They
are the compool, program, task and update header state-

ments.

SYNTAX:

'CQMPOOL
PROGRAM
TASK
UPDATE

header statements

task
header

program
header

conpoot
‘header

S ()~ -

p L/

COmpPOOL

F |
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SEMANTIC RULES:

1. The type of the code block or template is determined
by the type of the header statement, which is in turn
indicated by one of the keywords COMPOOL, PROGRAM,
TASK and UPDATE.

2. The keyword ACCESS causes managerial restrictions to

i be placed upon the usage of the block in question. The
{ I manner of enforcement of the restriction is implementa-
’ i} tion dependent.

3. The keyword RIGID causes Compool data (except for
data with the REMOTE attribute) to be organized ia
the order declared and not rearranged by the compiler.
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‘¥ 3.7.2 The Procedure Headen Statement.

The procedure header statement delimits the start of
a <procedure block> or <procedure template>.

SYNTAX:

PROCEDURE header statement =
¥ P

t

PROCEDURE ASSIGN (Bj;

e e Lo

3 SEMANTIC RULES:

1. The keyword PROCEDURE identifies the start of a <procedure
block>, or <procedure template>. It is optionally
followed by lists of "formal parameters" which correspond

124 to "arguments" in the invocation of the procedure by a
CALL statement (see Section 7.4).

2. The <identifier>s in the list following the PROCEDURE
keyword are called "input parameters" because they may not
appear in any context inside the code block which may
cause their values to be changed.
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3. The <identifier>s in the list following the ASSIGN keyword
are called "assign parameters" because they may appear
in contexts inside the code block in which new values may
be assigned to them. They may, of course, also appear in
the same contexts as input parameters.

4. Data declarations for all formal parameters must appear
in the <declare group> of the <procedure block> or
<procedure template>.

5. If the <procedure header> statement specifies neither of
the keywords REENTRANT or EXCLUSIVE, then only one real
time process (see Section 8.) may be executing the
<procedure block> at any one time; however there is no
enforcing protective mechanism. If the keyword EXCLUSIVE
is specified, then such a protective mechanism does exist.
If an EXCLUSIVE <procedure block> is already being executed
by a real time process when a second process tries to
invoke it, the second process is forced into the stall
state (see Section 8.) until the first has finished execu-
ting it. If the keyword REENTRANT is specified, then two
Or more processes may execute the <procedure block> :
"simultaneously".

6. The keyword REENTRANT indicates to the compiler that
reentrancy is desired, However, other attributes and
conditions may conflict with this overall objective.
The following effects should be noted:

® STATIC data is allocated statically and initialized
statically. There is only one copy of STATIC data
which must be shared by all processes simultaneously
executing the block, Hence, in coding REENTRANT
blocks care must be taken not to assume that STATIC
variables participate in the reentrancy.

e AUTOMATIC data is allocated dynamically and initialized
dynamically. Every process simultaneously executing
the block gets its own initialized copy of the data
orn entry into the block. 1In general, all local data
in a REENTRANT block should be declared with the
AUTOMATIC attribute.

e Procedures and functions defined within a REENTRANT
block must also possess the REENTRANT attribute if
they too declare local data which is required to
participate in the reentrancy.

3-17
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In addition, for reentrancy to be preserved, the following
rules must be observed:

® Update blocks* and inline functions within a REENTRANT
block may not declare any local data, STATIC or
AUTOMATIC, because the update block does not inherit
the reentrant attribute from the enclosing procedure
declaration

® A procedure or function called by a REENTRANT block
must itself also be P.JENTRANT.
17

The keyword ACCESS may be attached to the <procedure

header> of a <procedure template> and its carresponding
external <procedure block>. It denotes that managerial
restrictions are to be placed on which <compilation>s

may reference the <procedure block>. The manner of enforce-
ment is implementation dependent.

Any use of update blocks and LOCK data, or of EXCLUSIVE
procedure or function blocks should be carefully analyzed
with respect i) unfavorable timing problems if a
procedure 1s reentered by a nigher priority process.

3-18
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3.7.3 The Function Headern Statement.

The function header statement delimits the start of

a <function block> or <function template>.

SYNTAX:

function

FUNCTION header statement @

FUNCTION

eXaMPI  EUNCTION (A) SCALAR REENTRANT;

SEMANTIC RULES:

1.

The keyword FUNCTION identifies the start of a <function
block> or <function template>. It is optionally followed
by a list of "formal parameters" which are substituted

by corresponding "arguments" in the invocation of the
<function block> (see Section 6.4).

The <identifier>s in the list following the FUNCTION
keyword are "input parameters" since they may not appear
in any context inside the <function block> which may cause
their wvalues to be changed.
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; 3. Data declarations for all the formal parameters must ;r
appear in the <declare group> of the <function block>
or <function template>.

’ 4. <type spec> identifies the type of the <function block>
or <function template>. A <function block> may be of I

K any type except event. A formal descrlptlon of the type

‘ specification given by <type spec> is given in Section 4.7x

5. If the <function header> statement specifies neither of w1
the keywords REENTRANT or EXCLUSIVE, then only one real
time process (see Section 8.) may be executing the
<function block> at any one time; however there is no
enforcing protective mechanism. If the keyword EXCLUSIVE
is specified, then such a protective mechanism does exist. :
If an EXCLUSIVE <function block> is already being executed ]
by a real time process when a second process tries to |
invoke Zt, the second process is forced into the stall :
state wsee Section 8.) unti) the first has finished exe-
cutxng it. If the keyword RESNTRANT is specified, then

| two or more processes may execute the <function block>

"simultaneously". .

6. The keyword REENTRANT indicates to the compiler that
reentrancy is desired. However, other attributes and
conditions may conflict with this overall objective.
The following effects should be noted:

Ty———

® STATIC data is allocated statically and initialized
statically. There is only one copy of STATIC data
which must be shared by all processes simultaneously
executing the block, Hence, in coding REENTRANT
blocks care must be taken not to assume that STATIC
variables participate in the reentrancy.

S TN T ey T T T

107

e AUTOMATIC data is allocated dynamically and initialized
dynamically. Every process simultancously executing
the block gets its cwh initialized copy of the data
on entry into the block, In general, all local data
in a REENTRANT block should be declared with the
AUTOMATIC attribute,

o Procedures and functions defined within a REENTRANT
block must also possess the REENTRANT attribute if

» they too declare local data which is required to

J participate in the reentrancy.
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In addition, for reentrancy to be preserved, the following

rules must be observed:

e Update blocks* and inline functions within a REENTRANT 197
block may not declare any local data, STATIC or
AUTOMATIC, because the update block does not inherit 114
the reentrant attribute from the enclosing function
declaration.

® A procedure or function called by a REENTRANT block
must itself also be REENTRANT.

The keyword ACCESS may be attached to the <function header»>
of a <function template> and its corresponding external
<function block>. It denotes that managerial restrictions
are to be placed on which compilation s may reference

the <function block>. The manner of enforcement is imple-
mentation dependent.

Any use of update blocks and LOCK data, or of EXCLUSIVE
procedure or function blocks should be carefully analyzed
with respect to unfavorable timing problems if a function
is reentered by a higher priority process.
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3.7.4  The CLOSE Statement. 4

SYNTAX:

)
I
o ox

S,
B \’&
7

For all code blocks, COMPOOL blocks, and block templates,
the CLOSE statement js the <closing> delimiter of the block.
A}

BN

closing of block .

example:
ALL_DONE: CLOSE;

SEMANTIC RULES:

1.

The <closing> of a code block or block template is
denoted by the CLOSE keyword followed by an optional
<label>. 1If present, <label> must be the name of the
block.

Execution of the CLOSE statement causes a normal
exit from a PROGRAM, PRCCEDURE, TASX, or UPDATE
block, and a run time error from a FUNCTION block.
Exit from a FUNCTION block must be achieved via
the RETURN statement (see Section 7.5).

The <closing> of a PROGRAM, PROCEDURE, FUNCTION,
TASK, or UPDATE block may be labelled as if it were
a <statement>. The <closing>s of COMPOOL blocks
and block templates cannot be labelled.
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3.8 Name Scope Rules.

By using the code blocks described, and by taking
advantage of their nesting property, the modularization of
HAL/S <compilation>s may be effected. An important consequence
of the nesting property is the need to determine the "name
scope" over which names defined in a code block are potentially
known. Names (i.e. <identifier>s) to which name scope rules
apply are generally either labels or variable names.

GENERAL RULES:

1. The name 'scope of a code block encompasses the entire
contents of the block, including all blocks nested within
itl

2. A name defined in a name-scope is known, and therefore
able to be referenced, throughout that name-scope,
including all nested blocks not redefining it. A name
defined in a name-scope is not known outside that name-
scope.

3. Names defined in all common data pools used by a
<compilation> are considered to be defined in one name-
scope which encloses the outermost cods block of the
<compilation>.

QUALIFICATIONS:

1. The name of a code block is taken to be defined in
the name scope immediately enclosing the block. A
PROCEDURE or FUNCTION label defined at the outermost
level of compilation can be invoked from anywhere
within the compilation.

2. The <label> of a statement is effectively unknown in
blocks ‘contained in the name scope where the <label>
is defined. This is because a code block cannot be
branched out of by using a GO TO statement (see Secticn
7.7).

3. Block labels must be unique thrcughout a unit of compila-
tion.

4, Under particular, limited circumstances described in
Section 4.3, the names of structure template nodes and
terminals need not be unique.
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example:

outer name

scope \\\\

inner name
scope

_ ALPHA: PROGRAM;

DECLARE X;

DECLARE Y;
DECLARE Z;

CLOSE BETA:;

CLOSE ALPHA;

X known everywhere

DECLARE Y; this ¥ known everywhere

except in BETA.

BETA.: PROCEDURE; «=——— BETA is known everywhere;

new Y known in BETA only
Z known in BETA only

DELfA: Y=0 --————— bELTA not known in BETA

T BT T e 2

L S N UM

O T P T

L)

M OEWEE MiFs as & .



.

A R o o I S T T T T T TR e e T

{ 7 4,  DATA AND OTHER DECLARATIONS

The HAL/S language provides a comprehensive set of
data types. To encourage clarity and decrease the frequency
of errors of omission, all data is required to be declared in
specific areas of a HAL compilation called "declare groups".
Occasionally the demands of a particular algorithm also
require other kinds of declarations to be made. The diagram
on the following page summarizes the relationship among the
types and organizations.

4-1
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HAL DATA TYPES AND ORGANIZATIONS

TYPES
arithmetic string
’ *
1 scalar character
— integer L bt
—1 fixed special
—1 veclor event
L1 vectorf process
event
— matrix ’
1 matrixf ?

* Component Subscripting (see Section 5.3.5) Allowed.

ORGANIZATIONS ‘
array structure
individual
types i

** Array Subscripting Allowed.

*** Structure Subscripting Allowed.
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4.1 The Declare Group.

; A <declare group> is a collection of data and other
‘ } declarations. The position of <declare group>s within code

f blocks and block templates has been described in Section 3.
i ~ ” SYNTAX:

declare group ] @

‘» , declare |

) group
, “ | replace su&me;l-—t
l o s Pl

structure templata}-—J

declare statement

SEMANTIC RULES:

1. A <declare group> may simply be empty, or it may contain
[ <replace statement>s, <structure template>s, and <declare
statement>s. The form of each of these constructs is
defined in this Section.

2. The "name scope" (see Section 3.8) of <identifier>s
defined in a <declare group> is the code block contain-
ing the <declare group> and potentially all code blocks
nested within it.

4-3
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4.2 The REPLACE Statement.

The REPLACE statement is used to define an identifier

text substitution which is to take place wherever the identifier
is referenced within the same name scope after its definition.
The REPLACE statement constitutes a "source macro" definition,

4.2.1 Fonm of REPLACE Statement

SYNTAX:

exampies:
REPLACE ALPHA BY "J+1” ;
REPLACE BETA (X, ANGLE) BY "SIN (X ANGLE) - EXP (X)/X";

replace statament : <:>

GENERAL SEMANTIC RULES:

1.

2.

The <identifier> following the keyword REPLACE is
called the REPLACE name,

A REPLACE name may not appear as a formal parameter
in a <procedure header> or <function header>.

A REPLACE name in an inner code block is never
"replaced” as a result of another REPLACE statement
located in an outer code block.

Nested replacement operations to some implementation
dependent depth are allowed (i.e. the <text> of a
<replace statement> may contain a further <identifier>
to be replaced).

) Nt

PR -

2T e M

R % T = R T T




S T T TR RS T e

D

—

SEMANTIC RULES: Simple Replacements

ll

2.

A simple replacement is a REPLACE statementuwith no
parameter list following the <identifier>.

Whenever it is referenced, an <identifier> defined in

a simple REPLACE statement is to be replaced by <text>

of the definition as if <text> had been written directly
instead of the source macro reference. Enclosing the 81
reference within ¢ signs (e.g. ¢ALPHA¢) makes the-

<text> visible in the compiler listing. . o

<text> may consist of any HAL/S characters except
instances of an unpaired double quote (") character.
A double quote character (") is indicated within
<text> by two such characters in succession ("").

SEMANTIC RULES: Parametric Replacemeiits

1.

| A parametric replacement is defined by a REPLACE statement

with a list of one or more parameters following the <identifier>.
The maximum number of parameters allowed is an implementa-

tion dependent limit. Each parameter is itself a HAL/S
<identifier>. It is known only locally to the REPLACE

statement: 1its name may therefore be duplicated by

names used for cther <identifier>s in the name scope

containing the REPLACE statement.

The <text> of a parametric REPLACE statement is composed of
any HAL/S characters except instances of an unpaired double
quote (") character. A double quote character may be
indicated within <text> by coding two such characters

in succession. The <text> may contain, but is not
required to contain, instances of the parameters of

the REPLACE statement.
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4.2.2 Referencing REPLACE Statements

SYNTAX:

puﬁmmcnmﬁnnuuma (:)

parametric
replace
refarence

SEMANTIC RULES:

1. A reference to a parametric REPLACE statement consists
of the REPLACE name followed by a series of <argument>s
enclosed in parentheses. The REPLACE name must have
been defined previously within the name scope of the
reference. The number of <argument>s must correspond
to the number of parameters of the REPLACE statement
being referenced, Enclosing the reference within ¢ signs
(e.g., ¢CBETA(A,B)¢) make the <text> visible in the compiler
listing.

e i oot

2. The <argument>s supplied in a parametric REPLACE

? reference are substituted for each occurrence of the
corresponding parameter within the source macro
definition's <text>. Note that if the parameter in
question does not occur within the source macro
definition <text>, the <argument> is ineffective.

; <text> substitution is always completed before parsing.

Example:

124 REPLACE BETA(X,ANGLE) BY "SIN(X ANGLE) - EXP(X)/X";

Z = BETA(Y,ALPHA); WILL GENERATE SIN(Y ALPHA) -~ EXP(Y)/Y

"%
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In general, the <argument>s supplied in a parametric
REPLACE reference comprise <text> separated by commas
(subject to the specific exceptions listed below).

As such, they conform to the preceding semantic rules
for <text> with the followirng emendations.

Blanks are significant in <argument>s. Only the
commas used to separate <argument>s are excluded
from the <text> values substituted into the macro
definition.

The <text> string comprising an <argument> may be
empty. The value substituted in such a case is a
null string.

Within each <argument> there must be an even number

of apostrophe characters ('). The effect of this

rule is to require that each character literal used
must be completely contained within a single <argument>.

Within each <argument> there must be an even number
of quotation mark characters ("). The effect of this
rule is to require that the substitution of a nested
REPLACE statement include the entire text of the
replacement within a single <argument>.

Within each <argument> there must be a balanced number
of left and right parentheses: £fpr each opening left
parenthesis there must be a corresponding right
parenthesis.

Commas are not separdtors between <argument>s under the
following circumstances:

- within a character literal.
~ within REPLACE <text>.

- nested within parentheses.

el AN XM
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4.2,3 Ildentifier Genenation
New identifiers may be geherated by enclosing a
reference to a simple REPLACE statement within ¢ signs.

81 The effect is to make visible in the compiler listing, %
; ‘ the catenation of the REPLACE <text> with the characters ‘
l surrounding the construct. For example,REPLACE ABLE BY "BAKER"; .
j then:
1) X = ¢ABLE¢YZ o

becomes X = BAKERYZ %

[

l .

i 2) CALL P_¢ABLE¢(Q,R,S);
J becomes CALL P_BAKER(Q,R,S); i
| ¢ signs are taken in pairs, thus ¢X¢¥¢Z¢ is interpreted
as ¢XeYeze.

4.2.4 Tdentifiern Generation With Macro Parameters f

New identifiers may be generated for text substitution o
within a source macro text by enclosing references to macro
parameters within ¢ signs. The effect is the compile-time
catenation of the corresponding macro argument with the
characters surrounding the ¢-enclosed parameter (a blznk
is considered as a character). For example:

ST e T T AR e e e
e

81
REPLACE ABLE (X,Y)BY

"P = ¢X¢QRS+Y;
CALL SUB_¢X¢;";

Then the reference ABLE(V,A) causes the
following substitutions,

P = VQRS+A;
CALL SUB_V;

Enclosing the entire reference within ¢ signs, i.e., ¢ABLE(V,A)¢
makes the text with the new identifiers visible in the !
compiler listing (see Section 4.2.2).

4-8
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4.3 The Structure Template.

In HAL/S, a "structure" is a hierarchical organization
of generally nonhomogeneous data items. Conceptually the
form of the organization is a "tree", with a "root",
"branches", and with the data as "leaves". The definition of
the "tree organization" (the manner in which root is connected
to branches, and branches to leaves) is separate from the
declaration of a structure having that organization. The
tree organization is defined by a <structure template>
described below. The description of the declaration of
structures is deferred to later subsections.

The following figure illustrates a typical tree
organization.

start of end of
tree walk .~ ~ tree walk
\

- —— NAME

- -—2

@ structure terminal
O minor structure

/\ template name

tree diagram for a typical structure template

INTERPRETATIONS :

1. The "template name" is at the root of the tree organization.

2. The named "leaves" and "forks" in the branches are at
numbered levels below the root. Leaves and forks are
called "structure terminals" and "minor structures$
respectively.

4-9
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The "tree walk" shown can provide an unambiguous linear
description of the tree organization. The syntactical
form of the <structure template> corresponding to a tree
organization calls for the names of minor structures and
structure terminals to be -defined in the same order that
the tree walk passes them on the left, as indicated by
the arrow at % in the diagram.

The tree organizations of two templates are considered to

be equivalent for the purposes of various HAL/S statement
contexts only if the tree forms are identical, and the type
and attributes of all nodes in the tree agree. An implication
of this rule becomes apparent: if two corresponding terminal
nodes of otherwise equivalent structures reference different
structure template names , then the structure templates
containing these terminal nodes are not identical.

The syntactical form of a <structure template> is now givén:

SYNTAX:

structure template statement

structure
tempiate
DENSE )—l J«Qxcm
STRUCTURE }—{(identifier) - - ()
. ALIGNED

attributes m

4-10
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GENERAL RULES:

1'

2'

The <template name> of the <structure template> is
given by the <identifier> following the keyword STRUCTURE.

The operational keywords DENSE and ALIGNED denote

data packing attributes to be applied to all <identifiers>
declared with the <structure template>. At each level of
a <structure template>, either the DENSE or ALIGNED
packing attribute is in effect, subject to modification
by use of DENSE and ALIGNED as minor <attributes>. The
choice used in the <structure template> gives the default
value for the whole template. This packing attribute

is then inherited from higher to lower levels in the
structure unless the <attributes> of a minor structure

or terminal element modify the choice. Details of the
allocafiion algorithm used for DENSE and ALIGNED data

are implementation dependent.

The keyword RIGID causes data to be organized in

the sequential order declared within the <structure
template>. This attribute is then inherited from
higher to lower levels in the structure. Details of
the allocation algorithm used for RIGID are implementa-
tion dependent. (Note that the absence of the keyword
RIGID permits compiler reorganization of data).

In each definition,<number> is a positive integer
specifying the level of the tree at which the definition
is effective. Numbering is sequential starting with 1.

The level of definition in conjunction with the order
of definition is sufficient to distinguish between a
minor structure and a structure terminal.

In the form <identifier><attributes>, <identifier> is
the name of the minor structure or structure terminal
defined. The applicable <attributes> are described in
Section 4.5.

If the <attributes> specify a structure template <type
spec> (see Section 4.7), then the template of the
structure is being included as part of the template
being defined.

The minor structures and structure terminals of the
template (and forks and leaves) are sequentially defined
following the colon. The order of definition has already
been described.

Each definition of a minor structure or structure
terminal is separated from the next by a comma.

4-11
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NAME UNIQUENESS RULES:
1. <template names> may duplicate <identifiers> of any
other kind within a given name scope, but may not
duplicate other <template names>. '
2. In & given name scope, if a <template name> is used
exclusively in qualified structure declarations,
duplications of the <identifiers> used for nodes :
may occur under the following circumstances: .
f
4-12
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#® Any < identifier> used for a node in one template may
duplicate an< identifier> used for a node in anotner

template.

® Any < identifier > used for a node in a given template
may duplicate another <identifier> used for a different
node in the same template, provided that a qualified ’
reference can distinguish the two nodes.

. E' " 3. In a given name scope, if a template is ever used for a
non-qualified structure variable declaration, the duplications
allowed under rule #2 within that template become illegal.

examples:

i} definition of a template 2

STRUCTURE Z:
1 A SCALAR,
1 B VECTOR(4),
1¢, |
2 D MATRIX(4, 4),
' : 2 E BITO3);

ii) definition of a template Y
with Z nested within it

STRUCTURE Y
1 F,
2 X Z-STRUCTURE,
2 G INTEGER, 2

1 H CHARACTER (10);
e

S TE e T e

iii) equivalent fogm of template Y with-ut nesting

STRUCTURE Y:
1F,
2 X,
3 A SCALAR,
3B VECTOR(4),
3C,
4 D MATRIX(4,4),
4 E BIT(3), A
2 G INTEGER,
1 4 CHARACTER(10);

4-13
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44 C The DECLARE Statement.
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The DECLARE statement is used to declare data names

and labels, and to define their characteristics or
<attributes>.

SYNTAX:

decleration statement

(e )

()

D] o

attributes

example:
DECLARE INTEGER, A, B ARRAY (5);

SEMANTIC RULES:

1.

Each <identifier> and its following <attributes> consti-
tute the declaration of a data name or label. Each
definition is separated from the next by a comma.

The generic characteristics if any, of all <identifier>s
to be declared are given by the "factored" <attributes>
immediately following the keyword DECLARE. The
<attributes> of a particular <identifier> must not
conflict with the factored <attributes>,

The name scope of any of the <identifier>s defined in a
<declare statement> is the code block containing the
<declare group> of which the <declare statement> is a
part (see Section 3.8). In any name scope all such

< identifiers> must be unique.

There are two forms of <attributes>; data declarative, and

label declarative. The form determines whether an
<identifier> is defined as a data name or a label.

4-14
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4.5 Data Declarative Attributes.

Data declarative attributes are used to define an

<identifier> to be a data name or part of a structure template,
and to describe its characteristics.

If <attributes> appears

in a <declare statzment>, the <identifier> defined is a
"simple variable”, or a "major structure" with predefined

template. If <attributes> appears in a <structure template>,

the <identifier> defined is either a minor structure, or a

structure terminal.

properties to simple variables.

SYNTAX:

Structure terminals have very similar

data declarstive attributes

/———@

o)
—

/——@

.
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GENERAL SEMANTIC RULES:

7 1. The «<type spec> determines the type and possibly the
precision of the <identifier> to which the <attributes>
are attached. Type specifications are discussed in
Section 4.7.

2. An optional array specification can precede the <type
spec>. It starts®with the keyword ARRAY; the following
parenthesized list specifies the number of dimensions
in the array, and the size of each dimension. The number N
of <arith exp>s gives the number of dimensions of the array.
<arith exp> is an unarrayed integer or scalar expression
computable at compile timel. The value is rounded to the
nearest integer, and indicates the number of elements in a
dimerision. Its value must lie between 2 and an
implementation-dependent maximum. The maximum value of N
is implementation dependent. A single asterisk denotes
a linear array, the number of elements or which is greater
than 1 but unknown at compile time.

3. Following the <type spec> a number of minor attributes
applicable to the <identifier> can appear. These are:

e STATIC/AUTOMATIC - the appearanceof one of these key-
words is mutually exclusive of the other. STATIC and
AUTOMATIC refer to modes of initialization of an
<identifier>, not to the allocation of its storage.
The AUTOMATIC attribute causes an <identifier> with
the <initialization> attribute to be initialized on
every entry into the code block containing its
declaration. The STATIC attribute causes such an
<identifier> to be initialized only on the first
entry into the code block. Thereafter its value on
any exit from the code block is guaranteed to be
preserved for the next entxy into the block. STATIC
data is not reinitialized whenever a program is re-
entered (executed again). Values are preserved in
this way even though a STATIC <identifier> has no
<initialization>. Preservation of values is not
guaranteed for AUTOMATIC <identifier>s. If neither
keyword appears, then STATIC is assumed.

1 see Appendix F.
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DENSE/ALIGNED - The appearance of one of these keywords
is mutually exclusive of the other. Although legal
in other contexts, the keywords are only effective
when appearing as <attributes> in a <structure template>.
DENSE and ALIGNED refer to the storage packing density 124
to be employed when a <structure var name> is declared .
using the template. If neither keyword appears, then
ALIGNED is assumed.

ACCESS - This attribute causes implementation
dependent managerial restrictions to be placed
upon the usage of the <identifier> as a variable
in assignment contexts. The manner of enforce-
ment of the restrictions is implementation
dependent.

LOCK - This attribute causes use of the <identifier>
to be restricted to the interior of UPDATE blocks,
and to assign argument lists. <number> indicates
the "lock group" of the <identifier> and lies
between 1 and an implementation-dependent maximum.
"*" jndicates the set of all lock groups. Specifying 153
LOCK (*) for a formal parameter overrides the LOCK
attribnte (if any) of the corresponding argument in
the invocation. The purpose of the attribute is de-
scribed in Section 8.10.

LATCHED - see Section 4.7.

<initialization> - This attribute describes the -
manner in which the values of an <identifier>
are to be initialized. It is described in
Section 4.8.

REMOTE - This attribute identifies data which is
to be located in areas separate from normal data. 124
Its implementation is machine dependent. 1Its
purpose is to provide information to the compiler so
that proper addressing to the data can be generated.
Generally, this addressing requires longer and slower
access methods. REMOTE data cannot be AUTOMATIC.

RIGID - Although legal on other contexts, the keyword
is only effective when appearing as an <attribtue> 4 20
in a <structure template> or in a Compool. It causes
data to be organized in the order it is defined within
the <structure template>.
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e RANGE - This attribute is used to specify the range
of values of the variable. If only one <arith exp>

is specified, it must be greater than zero and the
specification is equivalent to a RANGE (-<arith exp>
TO <arith exp>). <arith exp> is an undrrayed integer
or scalar expression computable at compile time.l
<arith exp>4 must be less than <arith exp>,.

For INTEGERs, the <arith exp>s are converted to
integers2 and may be used to perform compile

time and/or runtime checks. One such check is that
the magnitude of each <arith exp> must be no

larger than the largest value of type <type spec>.
RANGE information may also be used in an implemen-
tation dependent manner to pack integers (cf. the
DENSE attribute).

For SCALARs, the <arith exp>s are converted to
scalars2 and may be used to perform compile time
and/or runtime checks.

For FIXEDs, the <arith exp>s must be literals or
FIXEDs and may be used to perform compile time
and/or ‘runtime checks.

For matrice and vectors, the RANGE is interpreted
as an assertion about each component.

1 see Appendix F.

2

12

See Appendix D.
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RESTRICTIONS FOR SIMPLE YARIABLES AND MAJOR STRUCTURES:

1. The asterisk form of array specification can only be
applied to an <identifier> if it is a formal parameter
of a procedure or function. The actual length of the
array is supplied by the corresponding argument of an
invocation of the procedure or function.

2. An array specification is illegal if the <identifier>
is defined by the <type spec> to be a major structure.

3. The ACCESS attribute may only be applied to <identifier>

names declareéd in a <compool block> or <compool template>.

The LOCK attribute may only be applied to <identifier>
names declared in a <compool block>, <compool template>
or <program block>, or to the assign parameters of
procedure blocks.

4. The LATCHED attribute only applies to event variables
(see Section 4.7).

5. The REMOTE and AUTOMATIC attributes are illegal for any
<identifier> of EVENT type. They are also illegal if
<identifier> is the input parameter of a PROCEDURE or
FUNCTION block.

6. The attributes DENSE, ALIGNED, and RIGID are illegal
for major structures.

7. The <initialization> attribute may not be applied to
formal parameters of procedures and functions.

8. The RANGE attribute may be applied only to integer, scalar,

fixed, vector(f) and matrix(f) variables.
RESTRICTIONS FOR STRUCTURE TERMINALS:
1. The asterisk form of array specification is not allowed.
2. The <identifier> may not be defined to be an unqualified
structure by the <type spec>. Otherwise, the type

specification is the same as for simple variables.

3. The appearance of any minor attributes except DENSE,

ALIGNED, RIGID, and RANGE is illegal. Appearances of DENSE

and ALIGNED override such appearances on the minor
structure levels or on the <structure template> name
itself.

4. An array specification is illegal if the <identifier>
is defined by the <type spec> to be a major structure.
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RESTRICTIONS FOR MINOR STRUCTURES: *\mﬁ\\

i

1. The <type spec> for a minor structure namégmust be
empty (see Section 4.7).

2. No array specification is allowed.

3. No attributes except DENSE, ALIGNED and RIGID are allowed.
Appearances of DENSE and ALIGNED at any level of the structure
override such appearances at higher levels or on the
<structure template> name itself. The appearance of
RIGID causes structure terminals within the minor
structure to be organized in the order in which they
are declared. However, RIGID at the minor structure
level will not affect the order of data within an
included template specified by a structure template

<type spec>.

EXAMPLE:

STRUCTURE Y:
1 A SCALAR,
1 B vecTor(4),
1 p MATRIX(4,4);

STRUCTURE Z RIGID;
1 Fs17(13),
1 G Y-STRUCTURE,
1 H cHARACTER(1D) ;

The order within 2 will be: F,é,H, but the order
within G will not necessarily be as declared by Y.
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4.6

Label Declarative Attributes.

A label declarative attribute defines an <identifier>

to be a <label> of some specific type.

SYNTAX:

labe! declarative attributes

<-omibum >
PROCEDURE

sxample:
FUNCTION VECTOR (4) NONHAL (1)

FUNCTION type spec 17 o

SEMANTIC RULES:

1.

N
& ﬂ v
1 R e S S et e e s e+ o R -
. . e ey AR
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The form FUNCTION <type spec> is used to define the name
and type of a <function block>. Such a definition is
only required if the function is referenced in the source

before the occurrence of its block definition.

Functions requiring definition this way are subjecvt to the
following restrictions:

® they must have at least one formal parameter;
e none of their formal parameters may be arrayed.

The type specification of the function declared is given by
<type spec> (see Section 4.7). A function may be of any
type except EVENT.

The NONHAL (<number>) indicates that an external routine
written in some other language is being declared. NONHAL
(<number>) may be a factored attribute applied to a list

of label declarations. The <number> is an implementation-
dependent indication of the type of NONHAL linkage.

The form TASK is used to define the name of a <task olock>.
It may be required if a <task block> is referenced beforsz

the occurrence of its definition.
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4.7 TyPe SPECIFICATION,

‘ LI
, The type speci?ication or <type spec> provides a
means of defining the type (and precision where applicable)
of data names and parts of structure templates.
i SYNTAX: .

. l - . i
‘ “‘V:: MATRIX { arith exp y arith oxp } .rY PE ™
‘ I 24 24 .
] SPECIFICATION
' MATRIXF ~ .
[
l
i
i =
| 147 — (sonunn ) —
" :> :< { INTEGER )} )
: -
’ N
? K U
| d
?
' z
' ;
| {
.r N { sooLean }
‘ (e Y {(srnuerne o : ~
r . M
’ GENERAL SEMANTIC RULES:

: 1. If <type spec> is empty (i.e. there is noispecification -

Y : present) then the interpretation is as follows:

f 153 ' ® TIf the <type spec> is that of a simple variable, function
H or structure terminal, then the implied %ype is

' SCALAR with SINGLE precision. T

{ S |
4-22 |

2 vim j
k ‘ x, |
- |

. EW P T T e T T T T R - o j

e e i i i L feas ke dea



P A et

ST

e The <type spec> is otherwise that of a minor
structure of a strucute template.

If the <type spec> is empty except for the keyword SINGLE
or DOUBLE, the implied type is SCALAR with the indicated
precision.

The precision keywordsfonly apply to VECTOR, VECTORF,
MATRIX, MATRIXF, SCALAR, FIXED, and INTEGER <type spec>s.

In the last case SINGLE implies a halfword integer; and

DOUBLE a fullword integer. In the absence of a precision

keyword, SINGLE is presumed.

Any <arith exp> in a <type spec> is an unarrayed integer

or scalar expression computable at compile time (see

Appendixz F). Its value is rounded to the nearest integer.

(Specifying a scalar expression is exactly the same as
specifying its integer equivalent.)

The <scaling> attribute defines the scale factor (see
Section 2.3.3) of the <type spec>. The scale factor must
be compile time computable (see Appendix F).

RULES FOR INTEGER, SCALAR, AND FIXED TYPES:

1.

Integer, scalar, and fixed types are indicated by the key~-
words INTEGER, SCALAR, and FIXED respectively. Note that
scalar type can be indicated implicitly as described in
General Semantic Rules 1 and 2.

RULES FOR VECTOR, VECTORF, MATRIX, AND MATRIXF TYPES:

1.

The keywords MATRIX and MATRIXF are used to indicate matrices
containing scalar and fixed components respectively. If
present, the two <arith exp>s in parentheses give the row

and column dimensions of the matrix respectively. 1In the
absence of such a size specification, MATRIX(3,3) is implied.

The keywords VECTOR and VECTORF are used..to indicate vectors
containing scalar and fixed components respectively. If
present, the parenthesized <arith exp> indicates the length
of the vector. In the absence of a length specification,
VECTOR(3) is implied. :

The row and column dimensions of a matrix, and the length
of a vector may range betwen 2 and an implementation dependent
maximum.

In the remainder of this specification, the word vector is
used generically for VECTOR and VECTORF where no confusion

could arise. The word matrix is used generically for MATRIX
and MATRIXF when no confusion could arise.
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1.

RULES FOR CHARACTER TYPES:

Character type is indicated by the keyword CHARACTER.
A character variable is of varying length; the
parenthesized <arith exp> following the keyword
CHARACTER denotes the maximum length that the
character variable may take on. A length must be
specified. -

The working length of a character data type may range from
zero (the "null" string) to the defined maximum length.

The defined maximum length has an upper limit which is
implementation dependent.

The asterisk form of character maximum length specification
must be applied to an <identifier> if it is a formal para-
meter of.a procedure or function. The actual length infor-
mation oﬁ the character string is supplied by the corres-
ponding argument in the invocation of the procedure or
function.

RULES FOR BIT, BOOLEAN, AND EVENT TYPES:

The keyword BIT indicates type. The following parenthe-
sized <arith exp> gives the length in bits. Its value
may range between 1 and an implementation dependent upper
limit.

The keyword BOOLEAN indicates a bit type of 1l-bit length.

The keyword EVENT indicates an event type, similar to
BOOLEAN, but which differs in that it has real time
programming implications (see Section 8). An <identifier>
of event type is the only type to which the attribute
LATCHED is applicable. The implications of the LATCHED
attribute are discussed in Section 8.8. An <identifier>
of event type may not be used as an input formal para-
meter, nor may it be a structure terminal.

RULES FOR STRUCTURE TYPE:

1.

2.

The condition for the <type spec> indicating a minor
structure are described in General Semantic Rule 1.

The phrase <template name>-~STRUCTURE defines an <identifier>
to be a major structure whose tree organization is
described by a previously defined template called

<template name>.
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The parenthesized expression or asterisk optionally
following the keyword STRUCTURE specifies the structure
to have multiple copies. The value specifies the number
of copies, which may range from 2 to an implementation
dependent maximum. ,

The copy specification may only be an asterisk if the

structure is a formal parameter of a procedure or function.

The actual number of copies is supplied by the corresponding
argument of an invocation of the procedure or function I 153
and must be greater than 1.

If the <identifier> name defined is the same as the
<template name> of the template of the structure,

then the structure is said to be ungqualified. Otherwise
the structure is said to be gqualified. Teuplates used for
non-qualified declarations may not contain nested :
structure references. *Section 5.2 contains material on
some further implications of structure qualification.

If the <type spec> of a function is STRUCTURE then no
specification of multiple copies is allowed.

If the <type spec> of a structure terminal is STRUCTURE,
then no specification of multiple copies is allowed.

*
Declarations of non-qualified STRUCTUREs must occur in the same name scope

as the template definition.
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* 4.8 Initialization.

The <initialization> attribute specifies the initial
values to be applied to an <identifier>. The circumstances
under which the attribute is legal have been described in
n Section 4.5.

} SYNTAX:
initialization specification
{
b
; B
[ s e .
initial list - ®_
)
| 1@—@
]
“ ,
;
) -
’5 expression
; .
i - arith exp initial list
( I
example: §; see below
| INITIAL (2# (1, 3#5))
!
f GENERAL SEMANTIC RULES:

1. The <initialization> starts with the keyword INITIAL
or CONSTANT. TIf it starts with CONSTANT, the value of
the <identifier> initialized may never be changed. It
is illegal for <identifier>s with CONSTANT <initialization>

f to appear in an assignment context.
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2. The simplest form of an <initial list> is a sequence
of one or more <expression>s computable at compile time.
(See Appendix F).

3. A simple <initial list> of the form given in Rule 2. may
be enclosed in parentheses, and preceded by <arith exp>#,
where <arith exp> is any unarrayed integer or scalar
expression computable at compile time. The value, rounded
to the nearest integer, is a repetition factor for the
initial values contained within the parentheses. This
repeated <initial list> may itself become a component
of an <initial list>, and so on to some arbitrary nesting
depth.

4. In addition to preceding a parenthesized <initial list>,
<arith exp># may also precede certain unparenthesized
items denoted collectively in the syntax diagram by §.
These items are:

e a single literal;
e a single unsubscripted variable name;

e blank (i.e., the component(s) of the <identifier>
should not be initialized).

5. The presence of an asterisk at the end of the <initial list>
implies the partial initialization of an <identifier>.

6. The order of initialization is the "natural sequence"
specified in Section 5.5.

RULES FOR INTEGER, SCALAR, AND FIXED TYPES:

l. If the <identifier> has no array specification, the
<initial list> must contain exactly one value.

2. If the <identifier> has an array specification, then one
of the following must hold:

® the number of values in the <initial list> is
exactly one, in which case all elements of the
array are initialized to that value;

e the number of values in the <initial list> is
-exactly equal to the number of array elements to
be initialized;

e the <initial list> ends with an asterisk, in which
case the number of values must be less than the
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number of array elements to be initialized, and
partial initialization is indicated.

3. <expre551on> must be an unarrayed INTEGER', SCALAR , or FIXED
expre951on computable at compile time (see Appendix F). Type
conversion between INTEGER and SCALAR is allowed where
necessary.

4. If the <identifier> is of type FIXED, <expression> must be a
literal or of type FIXED. If the scaling of the expression
and the <identifier> are both defined, they must be equal.

RULES FOR VECTOR, VECTORF, MATRIX, AND MATRIXF TYPES:

1. If the <identifier> has no array specification, then one
of the following must hold:

e the number of values in the <initial list> is
exactly one, in which case all components of the
VECTOR or MATRIX are initialized to that value;

e the number of values in the <initial list> is
exactly equal to the number of components to be
initialized;

e the <initial list> ends with an asterisk, in which
case the number of values must be less than the
number of components to be initialized, and partial
initialization is indicated.

2. If the <identifier> has an array specification, then
one of the following must hold:

e the number of values in the <initial list> is
exactly one, in which case all the components of all
the array elements of the VECTOR or MATRIX are
initialized to that value;

e the number of values in the <initial list> is
exactly egual to the number of components of the
VECTOR or MATRIX, in which case every array
element takes on the same set of values;

e the number of values in the <initial list> is

equal to the total number of components in all
array elements;

4-28




e the <initial list> ends with an asterisk, in
which case the number of values must be less
than the total number of components in all array
elements, and partial initialization is indicated.

3. <expression> must be an unarrayed integer, scalar, or fixed
expression computable at compile time. Type conversion be-
tween integer and scalar is allowed where necessary-

4. If the identifier is of type MATRIXF or VECTORF, expression
must be a literal or be of type FIXED. If the scaling of
the components and the scaling of the <expression> are both
defined, they must be equal.

RULES FOR BIT, BOOLEAN, EVENT AND CHARACTER TYPES:

1. If the <identifier> has no array specification, the
<initial list> must contain exactly one value.

2. 1If the <identifier> has an array specification, then one
of the following must hold:

e the number of values in the <initial list> is
exactly one, in which case all elements of the
array are initialized to that value;

e the number of values in the <initial list> is
exactly equal to the number of array elements to
be initialized;

e the <initial list> ends with an asterisk, in which
case the number of values must be less than the
number of array elements to be initialized, and
partial initialization is indicated.

3. If an <identifier> of Bit, Boolean, or Event type is
being initialized, <expression> inust be an unarrayed
<bit exp> computable at compile time (see Appendix F.).
If an Event <identifier> has the LATCHED attribute, then
it may be initialized to the value TRUE or FALSE (or
their equivalent). If it does not have the LATCHED
attribute, it can not be initialized. (see Section 8.8).
In the absence of <initialization> all events are implicitly
initialized to FALSE.

4. 1If an <identifier> of CHARACTER type is being initialized,
<expression> must be an unarrayed <char exp> compuatable
at compile time (see Appendix F.).
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RULES FOR STRUCTURE TYPES:

1.
2.

3.

Only a major structure <identifier> may be initialized.

If the <identifier> has only one copy, then one of the
following must hold:

e the number of values in the <initial 1list> is equal
to the total number of data elements in the whole
structure;

® the <initial list> ends with an asterisk, in which
case the number of values must be less thdn the number
of data elements in the whole structure, and partial
initialization is indicated.

If the <identifier> has multiple copies, then one of the
following must hold:

e the total number of values in the <initial list> is
exactly equal to the total number of data elements
in one copy of the structure, in which case each copy
is identically initialized;

e the number of values in the <initial iist> is equal
to the total number of data elements in all copies
of the structure;

® +the <initial list> ends with an asterisk, in which
case the number of values must be less than the total
number of data elements in all the copies of the
structure, and partial initialization is indicated.

The type of each <expression> must be legal for the type
of corresponding structure terminal initialized (see the
Semantic Rules for initialization of simple variables

of each type).
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5. DATA REFERENCING CONS|DERATIONS

Central to the HAL/S language is the ability to
access and change the values of variables. Section 4 dealt
comprehensively with the way in which data names are defined.
This section addresses itself to the various ways these names
can be compounded and modified when they are referenced.
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251 Referencing Simple Variables.

In Section 4.5 the term "simple variable" was intro-
duced to describe a data name which was not a structure, or
part of one. When a simple variable is defined in a <declare
group>, it is syntactically denoted by the <identifier>
primitive. Thereafter, since its attributes are known, it
is denoted syntactically by the <§var name> primitive, where

§ stands for any of the types arithmetic, bit, character,
or event.
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5.2 Referencing Structures.

When an <identifier> is declared to be a structure,
its tree organization is that of the template whose <template
name> appears in the structure declaration (see Section 4.7).
References to the structure as a whole (the "major structure"),
are obviously made by using the declared <identifier>, which
syntactically becomes a <structure var name>, The way in
which parts of the structure (its minor structures and
terminals) are referenced depends on whether the structure
is "qualified" or "unqualified" (see Section 4.7).

® If a structure is "unqualified", then any part of
it, either minor structure or structure terminal,
may be referenced by using the name of the part as it
appears in the <structure template>. If a minor
structure is referenced, the name becomes syntact-
ically a <structure var name>. If a structure:
terminal is referenced, then syntactically the name
becomes a <§var name>, where § stands for any of the
types arithmetic, bit, character, or event, as
specified in its <attributes> in the template.

® TIf a structure is "gual:ified", then any part of it,
either minor structure or structure terminal, is
referenced as follows. First the major structure
name is taken. Then starting at the template name,
the branches of the template are traversed down to
the minor structure or structure terminal to be
referenced. OCn passing through every intervening
minor structure, the name is compounded by right
catenating a period followed by the name of the minor
structure passed through. The process ends with the
catenation of the name of the minor structure or
structure terminal to be referenced. If a minor
structure is being referenced, the resulting "quali-
fied" name becomes syntactically a <structure var
name>. If a structure terminal is referenced, then
syntactically it becomes a <§var name>, where §
stands for any of the types arithmetic, bit, character,
or event, as specified in its <attributes> in the
template,

GRIGINAL PRGE I¢
OF POOR QUALITY

T T T T . % S




R g T T B TR e T T T R T T e R T T T T T g e
- . — " - . e am»w‘,

‘ e
example:

. ‘ - STRUCTURE A: ]

% - 18,

| 2C

l‘ , 3 E VECTOR(3),

4 > -

3 F SCALAR,
2 G, : structure template
3 H EVENT,
; 3 | INTEGER, B
1 BIT(6);

S e s

B

P "unqualified"
DECLARE A A-STRUCTURE, <~ |
Z A-STRUCTURE; ~—__

"qualified"

i} references toc parts of structure A -
G | J

ii) references to cocrresponding parts of structure 2 -

Z2.B.G Z.B.G.1 Z2.J
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5.3 Subscripting. .

. For the remainder of this section,a data name with

g known <attributes> is denoted syntactically by <§var name>,
v where § stands for any of the types arithmetic, bit, charac-
ter, event, or structure. It is convenient to introduce

: the syntactical term <§var> to denote any subscripted or
i unsubscripted <§var name>.

: SYNTAX:

arith

" § char variables
§ var structure
event :
D -
1—@—4 subscript -@—J’
exampie:

A11010
Y
|
9 It is also useful to introduce the syntactical term
? <variable> as a collective definition meaning any type of
% <8var>.
]
|
{ SYNTAX:
variable

i : o] event var =
| :
} ) ) -

@ — bit var

i

e arith var
3 it
tk > v, bit pseudo-var ¢
{
4 : s char var
4 P

structure var  |fr———’

- :J,.)E'ﬁ';yr.ﬂ,LLk

JE
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1
:
i
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i

%

i

1

1

SEMANTIC RULES:

1. <bit pseudo-var> is a reference to the SUBBIT pseudo-
variable. An explanation of its inclusion as a
<variable> is given in Section 6.5.4.
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5.3.1 Classes of Subscripting.

In HAL/S, there are three classes of subscripting
which may be potentially applied to <§var name>s: structure,
array, and component subscripting.

. @ Structure subscripting can be applied to
- arithmetic, bit, character, and event variables
which are terminals of a structure which has
multiple ccpies. It can also be applied to the
major and minor structure variable names of such
a structure. Structure subscripting is denoted
syntactically by <structure sub>.

e Array subscripting can be applied to any arith-
metic, bit, character, and event variables which
are given an array specification in their declara-
tion. This includes both simple variables and
structure terminals. Array subscripting is
denoted syntactically by <array sub>.

e Component subscripting can be applied to simple
variables and structure terminals which have one
or more component dimensions (i.e. which are made
up of distinct components). The applicable types
are vector, matrix, bit and character. Component
subscripting is denoted syntactically by <component

sub>.

The thiee classes of subscript are combined according to a
well-defined set of rules.
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SYNTAX:

subscript construct

< subscript >

component
sub g —— 1
ZL array sub -«L-O— 1 L
. component j
. : sub
s -
- . component 1
\ structure suh |- AO—L_ fu - )
H array sub [ °°";zg‘“"‘
example: -
d,K:L . )

SEMANTIC RULES:

1.

The syntax diagram shows 10 different ways of

combining the three classes of subscripting. The
following table shows when each of these combinations
is legal for simple variables and structure terminals.
In the table, the following abbreviations are used:

<component sub> -+ C

<array sub> > A

<structure sub> > S
5-8
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Interpretation of<8 var name>

data uqarrayed a?rayed unarrayed arrayed
tvpe simple simple struc ture structure
Yp variable variable| terminal termlnal(:)
integer none A S S;
scalar A: S; S;A
event S;A:
fixed
vector Cc A: S; S;
matrix A:C S;C S;A:
it bit S;A:C
charac-_
ter -

It is assumed that the structure has multiple copies.
If not, corresponding columns for simple variablies

apply.

In'the case of a <structure var name> relating to a
major structure with multiple copies, or to a riinor

structure of such a major structure, the following
forms are legal:

S
S;

No subscript is possible if the major structure has no
miltiple copies.
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examples:

A <array sub> /iP is any arrayed simple variable

equivalent form ~

P ’ lequivalent only if P is of
X integer, scalar, or event type
ii) Qx Q is any simple variable of integcr]

<component sub> /Iscalar, or event type

<array Sub> —=—e——{see example i)

<structure sub> Q is any unarrayed structure ter-
minal* of integer, scalar, or eveoiit
type

iii) Rx;

t——-—-—- <structure sub> -—{R is any structure terminal*

eguivalent forms =

RX quuivalant only if R is of unarrayed
Iintegez, scalar, or event type

X3y:2 S is an arrayed structure terminal¥
1) * & 4——— <component sub> of vector, matrix, bit, or
character type

iv) S
<array sub>

<structure sub>

* of a structure with multiple copies
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5.3.2  The General Form of Subscripting.

The three classes of subscripting, <structure sub>,

<array sub>, and <component sub>, have an identical syntac-
tical form; however, the semantic rules for each differ.

SYNTAX:

component, array, and structure subscripts

&

D
A/ J
sub exp
arith exp AT subexp [
M sub exp sub exp |-
{ & B

(#)
= < - aiith exp |

example:
3AT#-5

GENERAL SEMANTIC RULES:

1.

A <structure sub>, <array sub>, or <component sub>
consists of a series of "subscript-expressions"
separated by commas. Each subscript expression
corresponds to a structure, array, or component
dimension of the <8var name> subscripted.
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2.

There are four forms of subscript expression:
¢ the simple index;
§ the AT-partition;
e the TC-partition;

e the asterisk.

The simple index form is denoted in the diagram by a
single sub exp . Its value specifies the index of a
single component, array element, or structure copy

to be selected from a dimension.

The AT-partition is denoted by the form <arith exp> AT
<sub exp>. The value of <arith exp> is the width of the
partition, and that of <sub exp> the starting index.

The TO-partition is denoted by the form <sub exp> TO

<sub exp>. The two <sub exp> values are the first and
last indices,respectively,of the partition.

The asterisk form, denoted in the diagram by *, specifies
the selection of all components, elements, or copies

from a dimension.

<sub exp> may take any of the forms shown. The value of
# is taken to be the maximum index-value in the revelant
dimension. (For character variables, this is the current
length).

Any <arith exp> in a subscript expression is an unarrayed
integer or scalar expression. Values are rounded to the
nearest integer.
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5.3.3 Structurne Subseripting.

Major structures with multiple copies, or the minor

structures or structure terminals of such structures may
possess a <structure sub>., Since there is only one dimension
of multiple copies, the <structure sub> may only possess one
subscript expression. The effect of such subscripting is to
eliminate multiple copies, or at least to reduce their number.

RESTRICTIONS:

l.

Errors result if any index value implied by a subscript
expression lies outside the range 1 through N, where N
is the number of copies specified for the major structure.

If the subscript expression is a TO- or AT-purtition,
the width of the partition must be computable at compile
time. This is juaranteed by enforcing the following
restrictions.

e in the form <arith exp> AT <sub exp>, the value of
<arith exp> must be computable at compile time
(see Appendix F.).

® in the form <sub exp> TO <sub exp>, the values of
both <sub exp>s must be computable at compile time.

examples:

STRUCTURE A:
1 B SCALAR,
1 C INTEGER,
1 D VECTOR(6);

bECLARE A A-STRUCTURE(20);

A20 20th copy of A
A 10th anad 11th copies of A

2 AT 10; ‘ (semicolon optional)
C1 ¢ from 15t copy of A

D D from 4% through 6th copies of A

470 6; (semicolon enforced)

Note: D components 4 through 6 of U from
.:4 TO6 all copies of A

ki e e : _ R AR 2




5.3.4  Avay Subseripting.

Any simple variable or structure terminal with an

array specification (see Section 4.5) may possess an <array

¥ sub>. The number of subscript expressions in the <array sub>
must equal the number of dimensions given in the array speci-
fication. The leftmost subscript expression corresponds to

: the leftmost dimension of the array specification, the next

’ expression to the next dimension, and so on.

ll

T WL T Rem—— rpee e

RESTRICTIONS:

Errors result if any index value implied by a subscript
expression lies outside the range 1 through N, where N
is the size of the corresponding dimension in the array
specification.

If the subscript expression is a TO- or AT~ partition,
the width of the partition must be computablie at compile
time. This is guaranteed by enforcing the following
restricctions:

e in the form <arith exp> AT <sub exp>, the value of
<arith exp> must be computable at compile time;

® in the form <sub exp> TO <sub exp>, the value of
of both <sub exp>s must be computable at compile
time,

examples:

STRUCTURE P:
1 Q ARRAY{5) SCALAR,
1 R SCALAR;

DECLARE P P-STRUCTURE(10}:
DECLARE S ARRAY(5) SCALAR,
T ARRAY(5) VECTOR(6);

0*5 sth array element of Q in all copies of P
H

Q 2nd and 379 array elements of Q in 15t
1}2 10 3; copy of P { colon optional)

S . 4th through sth array elements of §
4 T0O5: colon optional)

278 ang 3¢ array elements of T
2 AT 2: ) ( colon enforced)

Note:T components 2 and 3 in all array elements
#;2 AT 2 PO T

. . . - SRR s - . . P —
S B B <

T 2 . T AT
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5.3.5 Component Subseripting.

Simple variables and structure terminals of vector,
. matrix, bit anc character type may possess component sub-
' scripting because they are made up of multiple distinct
components,

® Those of bit, character, and vector types must
possess a <component sub> consisting of one
subscript expression only;

e Those of matrix type must possess a <component
sub> consisting of two subscript expressions.
In left to right order these represent row and
column subscripting respectively.

RESTRICTIONS:

1. Errors result if any index value implied by a subscript
expression lies outside the range 1 through N, where N
is the size of the corresponding dimension in the type
specification.

2. PFor bit, vector and matrix types, if the subscript
expression is a TO- or AT-partition, the width of the
partition must be computable at compile time. This is
guaranteed by enforcing the following restricticns:

TEETRSeE T

| e in the form <arith exp> AT <sub exp>, the value
f ‘ of <arith exp> must be computable at compile
time;

; e in the form <sub exp> TO <sub exp>, the values
4 i of both <sub exp>s must be computable at compile
time.

§ 3. The subscript expressions cof a character type need not
‘ be computable at compile time.

; SPECIAL RULES FOR VECTOR, VECTORF, MATRIX, AND MATRIXF TYPES: 147
The <component sub> of a variable of vector or matrix type

can sometimes have the effect of changing its type. The
v : following rules apply:

e e e e BN i 8 e i i L . N T S S A BEEY  Bofe 3L 33

Y
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If a VECTOR or VECTORF type is subscrlpted with a simple

1.
- index <component sub>, then since onewcomponent 1s being G kw)
4 selected, theé resultlng <arith var> is of SCALAR or FIXED ’
1 typevrespectlvelyg .
i‘g . 2. If only one %f the two subscript expresmaons ‘in a <component sub> ‘
B 147 of a°MATRIX or MATRIXF type 1s§€/élmp1e index, then one row or :
F:§>~T.‘ , column is being- selected, and the result iss sZheréfore an
BT <arith var> of VECTOR or VECTORF type respectively. ' If both ¢ '
BRI R subscript “expressions are of simple index form, then one com- ;
Ny %", ponent of the MATRIX or MATRIXF is being selected, and the .
] ol ./ result.is an <arith-var> of SCALAF or FIXED type respectlvely. -
: Ve R Y \\; ;
)\ ’’’’’ / ",.A_/‘~ > uf o o
: R 3, © The <scaling> attribute deflnes the scale factor (see - 1
o . '/ Séction 2.3.3) of the <type spec>. The scale factor must
[ 1 “.  be compile time computable (5ee Appendixk F). -
'. ;‘. . . " S )
] s
N i
‘ ;: v - ) \V"‘
b examples: -
. d N,
. DECLARE M MATRIX(3,3),
i C ARRAY(2) CHARACTER®); =
3 ,»-: P : B ol i
} “C characters 2 through 7 of 15%
F‘“ ]‘ 1:22T07 array element of C v
| M, 1 column 1 of matrix M  (vector) it ;
4 " -
‘ M., 3rd component of 3Yd row A
. 3- 3 of M (scalar) D N
i %, =3 ?
Lo ,
\) :_,/X:
Al
}] W - Q
© >
.
0 . o e
8 a 5"16 .
b oo B B A5
S : ) f“)
N /A} . (/./ /\L/
o g ; N , g - — e »mﬁsu@mﬁj
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5.4 The Property of Arrayﬁéss.

e

[

A <§jvar name> which is a sxmg;e variable is sald to

be ”arrayed", or to poqsess~'arrayness , 1f any array specir

fication appears in its declaration.

The number of dimensions

of arrayness)is the number of dimensions given in the array

speCIflcatlﬂ 4 ;

A <§var name> which is a structure terminal

A\

s said to

be artayed oﬁ to possess arrayness 1f
followxng hoid:

elther or both of the

® an array specification appears in its” declaratlon

in a structure template;

® the structure of which <§var name> is a- termlnal

has maltiple copies.

The number of dimensions of arrayness

is the sum of the

dimensions originating from each source.

Appending structure or array subscrlptlng to a

:fﬁx<§var name> may reduce the number and

of the resulting <§var>

. o

The arrayness of HAL/S expreSSLOns originates ultlmately
o from the <§var>s contained in them.

size of array dlmen51ons

It is a general rule

that all arrayed <§var>s in an expression must possess identical
arrayness (i.e. the number of dimensions of arrayness, and

their corresponding sizes must be the

same) .- Although the

forms of subscript distinguish between array dlmen51ons, and
structure copy dlmen51ons, no distinction between them is

made as far as tht matching of arrayness 1s concerned.

Jj \

iy

NN

example:

STRUCTURE Z/

"1 B ARRAY(5):

DECLARE A Z-STRUCTURE(0):
DECLARE C ARRAY(10, 5);

C=A.B+C:

arrayness of both operands is 10,5

Q-

s
FoN
SO
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5.5 The Natural Sequence of Data Elements.

There' are several kinds of opefition in the HAL/S - \\@
language which regquire operands with multiple components,
array elements, and structure copies to be unraveled into . :
a linear string of data elements. The reverse process of ] 7

"reraveling” a linear string of data elements into components,
array elements, and structure copies also occurs. Two major
occurrences of these processes are in 1/0 (see Section 10),
and in conversion functions (see Section 6.5). :

The standard order in which this unraveling and
reraveling takes place is called the "natural seguence".
By applying the following rules in the order they are stated,
the natural sequence of unraveling is obtained. By applying -
the rules in reverse ord»r, and replacing "unraveled" by ’
"reraveled", the natura‘b*sequence for reraveling is obtained.

\&)
RULES FOR MAJOR AND MINO% STRUCTURE: e

1. If the operand is a major structure with multiple copies,
each copy is unraveled in turn, in order-of increasing
index. If the operand is a minor structure of a multiple-
copy structure, then the copy of the minor structure in
each structure copy is unraveled in turn in crder of
blncreaSLng index. -

%

2. The method of unraveling a copy is as follows. . Each
structure terminal on a "branch" connecting back to the
given major or minor structure operand is unraveled in
turn. The order taken is the order of: appearance of the
terminals in the structure template. = =«

=
3. Each structure terminal is unraveled accordlng to the

Rules given below. >

example:

STRUCTURE A: S
Y'Y
2 C SCALAR, | |
2 D VECTOR(), ¥
1 E INTEGER; :
DECLARE A A-STRUCTURE3); . o .
: A °

A

o orderof unravelingof B is B, i=1,2,3
o order of unraveling of each 8i is C'.l.)l

s )
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RULES FOR OTHER OPERANDS'

1. An operand of any type {integer, scalar, fixed, vector,
matrix, b1t, character, or event) may possess arrayness.as
described in Section 5.4. Each dlmenslon of arrayness,
startlng from the leftmost is unraveled in turn, in order
of increasing index. ) . :

2. 1Integer, scalar,\‘lxedﬂ bit, character,‘ard event types
are considered for: unraveling purposes as having only one
dqxa element.

[ :

3. Vector types gre unraveled component by componenft, in
order of increasing index. \

4. Matrix types are unraveled row by row, in order of
1ncrea51ng index. The components of each row are '
unraveled in turn in order of increasing index. o

example:

DECLARE V ARRAY(2,2) VECTOR(3);
o order of unravelingof V iS"Vi e . 1°1,2 :

7
o order of unraveling of each vi P | Vi jio j=1,2 //

o order of unraveling of each V.,

ij: . k=1,2,3

. 18 nvi, jik

(standard HAL/S subscript notation used)
0

Q

=" 5-19

L, ; i i, e B . bl El s oot s i, o S, S iy e e e -

P R T T -y

TP | R

o




AR

?;%r". f‘ o

@ ’
; 4

i L T
A SN «Mkk\-jﬁwmm‘ s AT
o i Simetit o gy e

8

74

N

i
) 6. . DATA MANIPULATION AND EXPRESSIONS
) O ) ) ﬂ
f
= AN o0
An expression is an algorithm used for computing a
Q ~'v&1ue. In HAL/S ; expressxons are formed by conbxnlng together
‘ operators with operands in a well-defined mannér. Operands
gLnerally are varlables, literals, other expressions, and
Lu\ct;ons, The type of an expression is the type of its
result, which is not necessarily the same as the types of
. its operands. e “
@ .
In,HAL/S, expressions cre divided lnto three major
classes according to their usage.
- & regular expressions: -appear in a very 1arge number
«  of contexts through tihe landuage; e.g.,
in assignment statements, as arguments to proce-
, Qures and func;;ons, and in I/0 statements.
Typical regular expressions arz arithmetic, bit,
and character expressions. They are collectively
denoted by <expressicn>. "o
! e conditional expressinns are used to express
combinations of relatiehships'betWeen quantities,
- and are found in IF statements, and in WHILE and
UNTIL phrases. They are denoted by <condition>.
® event expressions are used ex¢1u51vely in real time
programming statements..
o ¢ < :;//7 d7> R
» o I3 | ) f) !
‘ § ,
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Regular Expressions. .

3

bit expﬁessions and character expressions, together with a

limited form of structure expression. As a generic form,

Regular expressions comprise arithmetic expressions,

<expression> appears in the assignment statement, as the input

arguments of procedure and function blocks, and in the WRITE

statement.

SYNTAX:

[ o

expression

o

arith exp

" bitexp  }

char exp

structure exp

i

N

j

%

4

Descriptions of <arith exp>, <bit exp>, <char exp>,.and
<structure exp> are given in theyfollowing subsections.
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6.1.1 Avithmetic Expnessions . 7 :
Aritnmetic expressions include integer, scalar, fixed, 147
vector, and matrix expressions. Collectively they are known
by the syntactical term:<arith exp>. ) ‘
¢ g s 7 ’
SYNTAX: : ,

o

a

s x
arith operand I._.é_.‘ :: >___>_. B
{ per 25 w

I I e s__f4"F__,Jt o e
7 | ‘ v://
Lo

Y L :
o j
A \___ ) ' ),
examples: —
1+9-(K+2)3 : ,
> M.M-N) .
SEMANTIC RULES: : | 5
1. An <arith exp> is a sequence of <arith opefand>9A :
separated by infix arithmetic operators, and possibly e N ‘
preceded by a unary plus or minus. .9 .
. ) a - T o
2. The form < > is used to show that the two <arith = o
, ; 4 = 124
operand>s are separated by one or moiffe sp&cCes. e
‘It signifies a product.between“the <arith operand>s.-.
: &
i
P ' 7o
@&, .
i
, j
o
6-3 :
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" 3. The syntax diagraivs for <arith exp> produces a sequence
u ; extensible on the right. Any_sequence produced is not
o 124 necessarily to be considered as evaluated from left to

. right. The order of évaluatior of each operation
o+ in the sequence is dictated by operator precedence.
- Y
4. Not all types of <arith operand> are legal in every infix
< operation. The following table summarizes all possible

: > forms, by indicating the result of each leqal operation.

. OPLRANDS I 1X OPERAIOR
t : Ui RICH 4+ | - j¢> & P l WAET
‘ © JVicIoR  VECIOR JVECTOR | viCIOR | MATRIX || VECTOR?] SCALAR

L P

VECIORF VECTOAT JVECTORT | vicIORT | MATRIXE'| vECTORES| FIXEO w2

vicior  watrix R VICIOR N N
VICIORTMAIRIX, \\\\ & VECIORF \\\\\\:\\\\\\
T NN \\\\:N§‘\\\\
UL A NN NN S\

147 N ® VICIOR  SCALAR \\:N v;cwu‘k\\\\\\\\\\\‘ VECTOR RN

! oo A7 AN NN
i rorr_ 77 MY 77 N It |
N . : mamie_warie Premix [ [z A RMIMHMTTTTHN '
) . MATRIXF I_ﬂézg{_xﬁf MATRIXF; MATRIXF Mﬁmle NNN&\ i ) ' Q
T Soor NN Mlﬁlx:kk\\\'\\\\\\‘ MATRIX"] MATRIX . F
i i N ‘N NATRIXF \\\\&\\\\\\\\‘ Mlmx\?‘ FATR IS o
y ‘ T AN wmx:k\\:t\‘\\\\’\\\\\\\\\\\\\ IS
l Py [R—— NN ,mmxr:\k\\\\\\\\\\\&\\&\ﬁ - s |
‘ . scaarscauar | scauan | scaas | scar NN SCAMR | scaus . :

o ’ ) " FIXED FIAED FIXED | FIXED FIXED NN Fixeo \\\\ﬁ

\ N
scaae  itsoeR | scatar | scaas | scatar AN SCAAR | ScAar

: 7 ”—' FINED ~ INTEGER \\‘\\\\\\\\\\\ fixo \\\Q&\\N FIXED »nimq s
] .- INTECER scauar | scaar | scacar | scaar NN SCAUAR | SCALAR

- R ™S \\NN\ AN
o o ) i INTEGER  INTEGER | INTEGER | INTEGER | INTEGER \\\\§\\ SC!UR’\\\

=

7

SR R Ty e s e

LA RN TR

INTEGER
MATRIXF  FIXED

7
2

R

Notes:

In oper//{:ions with vector and matrix operands, the sizes of the operands
- must b(ﬁ compatible with the operation involved, in the usual mathematical

sense. ° ‘ '

2

B 2

@ outer product.
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(:) cross prodact - valid for 3-vectors only. ,

(:) dot product.m ‘ o 2/7’} >

(:) /Zvexy element of the vector or matrix is multiplied by the integers,
%ca§§f, or fixed. i
) ]

| very element of the vector or matrix is divided by the 1nteger 5

%

X scalar.

(:) if the right operand is literally "T")the transpose is indicated.
If the right operand.is literally "O" the result is an identity
matrix. If the right operand is a poqztxve integer number, a .
o repeated product is implied. TIf the rxght operand is a negative =
integer number, repeated product of the inverse is 1mp11ed. These
are the only legal forms. 0

<:> the operands are converted to scalar before division.

the operation is undefined if the value of the left operand is
negative, and the value of the right operand is nonintegral.
/<:) the result is a scalar except if the right operand is a non-
negative integral compile time constant in which case the result
is integer.

(E)O the right opetaﬁd must be a positive integral ccépile time constant.

Except .as noted in Rule 4 (+), if one operand in an operation

is of INTEGER type and the other operand is of SCALAR, VECTOR,

or MATRIX type, the INTEGER is converted to a SCALAR before
performing the operation.

If one operand in an operation is -INTEGER and the other
opérand is FIXED, VECTORF, or MATRIXF, the type ¢of neither
operand is converted before performing the operation.

If the two operands of an operatlon are of differing precision,
the result is double precision; otherwise the precision of the
result is the same as the precision of thes operands. This is
true in all cases except where ore operand only is of integer-
type. In this case the precision of the result is the same as
the precision of the non-integer operand.

For “the purpose of detefmining the scaling of an expression
involving an INTEGER and a FIXED, VECTORF, or MATRIXF, an
INTEGER' is defined to have a scaling of 29,

When performing additions or subtractions with operands of
FIXED, VECTORF, or MATRIXF type, if the scaling of both
operands is defined then the scalings must be equal and the
scaling of, the.result is dellined to be the same as the scaling
of the opéranéa. " % ’
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PRECEDENCE RULES:

1.

V|
*

=)

When performing multiplication or division with at least one
Pperand.of type FIXED, VECTORF, or MATRIXF, if the scaliitg

of both operands is defiried then the scaling of the result is
Feflned to be the product or quotient of the scaling of the
operands. PN

When performlng exponentiation of a FIXED or MATRIXF,

xlf the scaling of the operands is defined then the scaling
lof the result is defined to be the scale factor of the left
|operand taken to the power of the right operand.

If either or both of the operands of an operation have
RANGE attributes, the semantics of the operation are

unchanged, but a compiler may detect and report range
1ncompat1b111t1es.

The following table summarizes the precedence
for arithmetic operatoc$: .

i ' Q

Operator Precedence Operation

g\ : N PRI —
FIRST : -
*k 1 exponentiation’

E multiplication
cross~product
% dot-product
division 4 ' “
addition and unary plus’

A O e WN
=

subtraction and unary
minus

LAST

D
&

L “ ,
Z.U If two cperations with the same precedence follow each

other, then the following rules apply:

. operators **, / are evaluated right-to-left;
all other operators are evaluated left-to-right;

=
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SYNTAX: o

G o= T e

3. oOverriding Rules 1 and 2, the operators <>, %, and .
are evaluated so as to minimize "the total number of -
elemental multiplications equxred. Howevér, "this rule
does not modxfy thereffectjve precedence order in cases

_where it would cause thekyfsult to be numer;ca]ly
-+ different, or the open@;a n to bgfallegal

An <arith operand> appearlng in un =¢T1th ﬁxp> has the
following form:

G

-, mithmtic om}md

{A +8)
@ DOUBLE

o

o

SEMPRTIC RULES: N
1. An <arith operand> 'may be an arithmetic variable, an
arithmetic express1on\enclosed in parentheses, a
<normal function> of the appropriate type (see Section
6.4), an <arith conversion> function (see Section 6.5.1),
or a literal <number>, s .

2. The precision of an <arith operand> may be converted
by subscripting it with a <precision:> specifier (see
Section 6.6). If the operand is an_<arith var>. this is
true only if it has no <subscript>. :

3. Only integer, scalar, and fixed <arith operand>s may .-
have the form <number>. N

4. The scaling of an <arith operand> may be converted by
subscripting.it with a <scaling> specifier (see Section
6.7). 1If the operand is an <arith var> this is true only
if it has no <subscript>.l Scaling operators are defined
for arith operands which are numbers or are of type
FIXED, VECTORF, or MATRIXF. /jfi

/

lSq,nce a subscrlpted <arith var> is an example o: an
<arith exp>, the <precision> or <scaling> speclfler may be
applied by first encloSLng the <ar1th exp> in parentheses.

4 | 6-7 ’
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6.1.2  BLt Expressdons. ' I _
o I ~ U i
A bit expression is known by the syntactical term |
<bit exp>. Ay ! j
St 4
\/( ;
_ SYNTAX:, ) ¥ooe . ’ g
. :
, ~ R
| | N bit expression @ i **1
‘ — ® o
r - i
) 3
- : |
i —®—
; o
| : bit operand \/ 2 ;
CAT Y .
NS L
. . J : i
example: “o ;
B&C|TD ‘ o
]
: SEMANTIC RULES:
| - .
» 1. A <bit exp> is a sequence of <bit operand>s separated
by bit operators. i
; - 2. The syntax diagram for <bitiexp> produces a sequence @
y i extensible on the right. Any sequence produced is o
" not necessarily to be considered as evaluated from left ” i
to right. The order of evaluation of each infix operation 1
is dictated by operator precedence:
fl
] 1
6-8 l
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; Operator Precedence
° FIRST Z(
aar, || @Y 1
g AND, & 2
OR, | ,\ 3
i z - LAST : ]
| If two operatibns with the same precedence follow each
| other, they are evaluated from left §° right.
[ . ! ‘
i‘ 3. The operator CAT (]]) denotes ciitenation of <bit operand>s.
; The length of the result is the sum of the lengths of the
| operands. .
f 4. The operators AND (&) and OR (|) denote logical inter-
ey section and union,respectively. The shorter of the two
<bit operand>s is left padded with binary zeroes to match
‘the length of the longer. :
L, L2 . 4

L A <bit operand> appearing in a <bit exp> has the following
} ’
N ; SYNTAX:

{ -
}, E bit operand

bit -~
operand : @

L. B SR TS -+ T N

it ) YR R A

bit var irg

-]

o

| | J-@— ey
s

eventvar

normal function

i bit conversion

example: \——1 bit pseudo-var |’ y
BIN '11010110" - » /
° /‘:"7»;7
N
\\J . R
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i

; E ! l\ i
gE i e
e i :
1
1 o :
-
A : 2 -
oo { : anf
FO SEMANTIC RULES: o '
b 1. A <bit operand> may be a <bit var>, a <bit éxp> enclosed !
[ in parentheses, a <bit literal>, a <normal function> of o
; bit type (see Section 6.4), .a <bit conversion> functionm, i
n ; or a <bit pseudo-var> (see Sections 6.5.3 and 6.5.4).
. 7 7 72, 1In addition a <bit operand> may be an <event var> or
Y N a-<process-event name> (see Section 8.9). Events and -
t ; process~events are treated as BOOLEAN (l-bit) <bit operand>s.
5 3. Any form of <bit operand> may be prefaced with the NOT
i i . (=) operator causing its logical complement to' be evaluated T
3 prior to use within an expression. Note that associating ]
) ! To the NOT operation with the <bit operand> syntax achieves
i ? an effect similar to plading the NOT operator in the bit
: i "expression syntax at the highest leveél of precedence,
| o # S =%
v H ' R ‘ /:,’// E4 ’
| “ oy
. |
o ] X
1] Y > o {:
’r o ) - ;;’;’//‘ ‘é
] "/,////’ é
1 / ;
AT
£ . %
. 4’3.\
¢ B @t ’
| = j
] .
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6.1.3 Character Expressions. »
A character expression is known by the syntactical {
term <char exp>.
. SYNTAX:
)
. °0 - o Ji
charscter :.!mm ‘ “
- |
o |
ch ‘ ,
ar operand {1} j
L arith exp —-j m i
exampie : - -
ajljaeea )
/V
/
- SEMANTIC RULES: ’
// :
1. A <char exp> is a sequence of operands separated by the |
~catenation operator CAT (||). Each operand may be a f
<char operand> or an integer or scalar <arith exp>. ;
j
2. The sequence of catenations is evaluated from left to )
right. Coe ;
3. Integer and scalar <arith exp>s are converted to character |
- strings according to the standard conversion rules given
in Appendix D,
7
¢
' ;
§
i
6-11 4 . s
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4 GO :
Aﬂ<ch§: operand> appearing iji a <char exp> has the following

: form.
1 Q
; S%NTAX
z g = / S ¢
w (TN '
YW chacacter operand }
N
operand : ) “
. F_@___‘ char exp % . ;
R — char var ‘ ' "
i - normal function - iz
} = : - (o \ =
: ]IIIIII[ .
| ’ %g . N
I . Ji x4
. 4 example: . ‘-T-— char convorszgr@/—-——-' ‘
§ ) (ais)
i p
r
SEMANTIC RULES: = & %*w}
B Gy
1. A <char operand> may be a character variable, a A ;
<char exp> enclosed in parentheses, a <char literal>, il
. a <normal function> of character type (see Section 6.4), \ |
: . oOr a <char conversion> function (see Section 6.5.3). 5
L\ - <
; | ,\ |
4 E ]
. < ! .
< v
b A
¥ ;
: ¢ |
$ i
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T e 6.1.4  Stwucture Expressions .
: 0 / 3 . - ’ \' T?;\ ’
SRR o . Since there are no manipulative expressions for \
L structures, a <structure exp> merely consists of one
structure operand. .

SYNTAX: o

S J , s~ sucture evpression \

]

[ .

E ] = ‘ structure var, -
i

|

normal function J

‘»
Y : i
| | SEMANTIC RULES: | | : J
| :
j
j
;
3
1
1
;

1. A <structure exp> consists of one structure operand which
2 o may be either a’<structure var>, or a <normal function> of
§ \ Vstructure type (see Section 6.4), B
i ST R
(¢ "

6.1.5 Anrtay Properties of Expressions. T | ‘ :

R e ad A

Any regular expression may have an array property
; 23 by virtue of possessing one or more arrayed aperands. The
2 ’ evaluation of an arrayed regular expression implies element-
3 by-element evaluation of the expression. For any infix opera-
tion with an array property the following must be true.

K . B : i ‘ ‘ ’ \\
) SEMANTIC RULES:

,}')

i l. 1If oné of the two operands of an infix operation are
A arrayed, then evaluation of the operation using the |
unarrayed operand and each element of the arrayed operand i
is implied. The resulting array has the same dimensions i
as the arrayed operand. REREA A S ‘ ;

2. If both of the operands of an infix operation are arrayed,
then both operands must have the same array dimensions.
Evaluation of the operation for each of the corresponding .
elements of the operands is implied. Theresulting array
has' the same dimensions as the operands. »

6-13
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6.2 Conditional Expressions. o

o

Conditional expressions express combinations of relation-
ships between quant*txes. The HAL/S representation of a/zgla-
tion betweeﬁ quantities is a <comparison>; <comparison? s are
combined with logical operators to form conditional expressions,
or <condition>s. T A

S,

SYNTAX: < iw

It S

. conditional expression
(=,

N

oF

hal

= = con&in‘omlopomd PR

8

example:
(A>8)I{A>C)

SEMANTIC RULES: . /

/
u

1. »a condltlonal expression or <cond1tlon> is a sequence
of <conditional operand>s separated by logical operators.

2. The syntax diagf¥am for <condition> produces a sequence
extensible on the right. Any sequence produced . is not
necessarily to be considered as evaluated from left to
right. The order of evaluation of each infix operation.
is dictated by operator precedence:

6-14
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Ji

~ Operatof °  Precedence
o =
. FIRST
AND, & ! 1
@ OR I} I 2 N
LAST

If two operations with the same precedence follow each
other, they are evaluated from left to right.

o 3, Tha operations AND\(G) and OR (|) denote logical lnter-
section and union Tespectively.
» 7
i A <conditional operand> appearing in a <cond1t10n> has the
follow1ng formf
SYNTAX:
- conditional operand B
O vz
7 @//
/ ;
- comparison Vl
{3 32-5 o
B : T l @._ condition
= 30
NOT .
example:
“1{A>8B)

SEMANTIC RULES:

1. A <conditional operand> is either a <comparison> or
a-parenthesized <condition>. The latter form may be
preceded by the logical NOT (7) operator.

u 2. A <comparison> is a relatlonshlp between the values of

two arithmetic, bit, character or structure operands,

The result of a <comparison> is elther TRUE S;/ﬁl Ej
but cannot be used as a boolean operand .in a/6/g expres-
sion. W///%//¢;;:~/ «
6-15
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- 6.2.1 Anithmetic Comparisons. ) ’ . ,v s
e . ) . { }
; - ) An arithmetic <comparlson> is a comparison between
: two arithmetic expressxons. ‘
J
. SYNTAX:
! srithmetic comperieon @ B
: |
: comparison } ' ’
| . ‘ |
’ o
o . T N
R 9 b arithexp = arith exp  freeeee I
r — ./ - : J
L V
e v
. f
b 5 -
: ) ’ S
; ¢ - o
S 2 |
L ox:mpu: ?
1>
T )
- SEMANTIC RULES: |
’ a
- 1. The types of <arith exp> gperand must in general match, o
! with the following exceptlon' in a comparlson with .
: mixed integer and scalar op&rands, the integer operand S |
is converted to scalar. & |
- - 2.  If the prec1sxons of the <arith exp> operands are mixed
: ; g then the single precision operand is converted to double ]
2 " precision.
e
:
R ° ?
6-16 v ’ //7\\
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of arithmetic comparison.
~ following table indicate all legal forms.

3. Not all types of <arith exp> are legal for every type
The unshaded bhoxes in the

ﬂfyf

i

Operator

operands =

NOT= >
VECTOR Y
VECTORF
MATRIX v
MATRIXF L
INTEGER Y <=} = no arrays «=|=- - = >
SCALAR
FIXED

|

.

o
F .

If the <comparison> operator is =, the result is
TRUE only if all the elemental comparisons are TRUE.

¢ O L ;
If‘éhe <comparison> operator is NOT= (=¥{=), the
result is TRUE if any elemental comparison is

TRUE.

the operators

If the operands are vectors or matrices, the
<comparison> is carried out
basis.

If one or both of the <arith_éngs are arrayed then only
: and NOT= (==) are legal, and the result
is an arrayed <comparison> (see .Section 6.2.8).

If the type of the <arith exp>s is FIXED, VECTORF, or
MATRIXF, and the scaling of both <arith exp>s is defined,
“then the scalings must be equal.

on an element-by-element

J
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6.2.2 '\Com ons. . |
53\3 parisons. = O L
\ L3 ] a - é
k A bit comparison is a comparison between two bit o ‘
expressions. 4
2 . ]
G == |
SYNTAX: i ,
bit comperison @(3: r
| bitex = bit — M
s 26 N jhiaall Py |
|
< . I B !
k exsmple: " |
8 1= BIN 110 o
] |
:
SEMANTIC RULES: b / , ;
. ‘ y L :
1. 1If the lengths of the operands are the same, their y/ ;
values are equal if and only if they have identical bit S
patterns. .

2. If the lengths of the operands differ, the <bit exp>
of shorter length is left padded with binary zeroes
to match the length of-the longer before comparison :
takes place, :

3. 1If one or both of the <bit exp>s are arrayed, then the
result is an arrayed <comparison> (see Section 6.2.5).

B AL S
s
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.6.2.3 Chanacter Companisons,

<0

\Qo
A character sc\mpanson is a comparison between two
character express:mrs. P .
€
i <L .
o 5 SYNTAX:
o character comparison
f ] ~ 115
, .
| char { =) ch S
exp " A=) ar exp P
} § __..(:}___¢ .
i i 4
-———4: y———J o ? J
. , p {
] 5: ‘\\‘\.T
example: .
y C="A C:::)
. . O
SEMANTIC RULES: ) ) A

; 0 1. The two strings are compared left-to-right through as o
{ many characters as are contained in the shorter string. ¥

2. If a difference in any character is detected, the value
.of the comparison is determined by the internal
character represen ntations of the dlfferlng characters

(n.b. this is machine dependent) . 4
; 3. If the shorter string is identical to the longer one 115,
B truncated to be the same length as the shorter, then

it is less than the longer one.

: - S
; 4. If one or both of the <char exp>s are arrayed then the : }
; . result is an arrayed <comparison> (see Section 6.2.5). [

6-19
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3 f
1) = i "\,l ;
J
.6.2.4 Strwcture Comparisons. -~
| .0
A structure comparid%n is a comparison between two i
| structure expressions. ) ' ” ' |
:{ i ° (/ b E
o B . i
SYNTAx: A o () 7 :
o
// Gy ) H /
. i
) -
- ®
S | ’ '
structure exp
. . ’ -
g TyodA
‘ , 4} j
SEMANTIC RULES: o = )
. i
1. The tree organizations of botli <structure exp>s must e ]
identical in all respects. ,3
. ) . . i
i 2. The number of copies possessed by each <structure exp?
must be the same. If the number of copies is greater than
one, then the fol%pwing holds: 3
e if the%ébomparison> operator is =, the result is TRUEﬂ}
only %ﬂ it is TRUE for all copies. -
® if th@ <c¢omparison> operator is ~= (NOT=), the result 5 ’
is TRUE if it is TRUE for at least one pair of corresponding P i
copies. ° e P ' :
4 4] o \\‘J\J/,;7
:r '/" )7 ¢
LA 6-20 o g
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\6.2.5  Companisons between Arrayed Operands.

A

A <comparison> of one of the forms described may have
arrayed operands. When one or both of the operands is arrayed,
the <comparison> operators are restricted to = and ™= (NOT=).

In any arrayed <comparison>, the following must be true.

SEMANTIC RULES: SN

1. If one of the two operands of a <comparison> is arrayed
then evaluation of the <comparison> using the unarrayed
operand and each element of the arrayed operand is
implied.

2. If both of the operands are arrayed, then both operands
must have the same array dimensions. Evaluation of the
operation for each of the corresponding elements of the
operands is implied.

3. The result of an arrayed <comparison> <is unarrayed. If
the operator is = then the resuit is TRUE only 1if it is
TRUE for all elements of the <uomparison>. If the
operator is "= (NOT=) then the result is TRUE if it is
TRUE for at least one element of the <comparison>.

Py

L

= &

6-21

4

o

el S




6.3 Event Expressions.

Event expressions appear in real time programming

cal term <event exp>.

§ ’ SYNTAX: o
event expression (39
) -
e

= ‘mt operand " /\ ANID—»—-,,
: _ _ _

example: )

ALPHA OR BETA
.  SEMANTIC RULES:

5

1. An <event exp> is a sequence of <event operand>s separated
by a subset of bit operators. An <event exp> may not be
v arrayed, ) s
2. The syntax diagram for <event exp> produces a sequence
extensible on the right.  Any sequence ‘produced is not
. necessarily to be considered as evaluated from left to
qught.j The order of evaluation of each infix operation
© is dictated by operator precedence.

e s S R
..

6-22

Statements (see Section §.), and are denoted by the syntacti-
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TAEET TN, T T T

= Operator \ Precedence .
( ” D FIRST <Ly
s x} @& v - N > ° \ ] .
' ° AND, & i ] e
! i | OR ’ l ﬂ 2 J o = i ‘
| g LAST LR

{

i If two operations with.the same precedence follow each
i other, they are evaluated from left:to right.

3. The operators AND (&) and OR (|) denote 1og1cal inter-’

section and union. respectlvely.
. . -

An <event operand> appearing in an <event exp> has the ‘
following form.

o

SYNTAX: - 0

event operand @
- event var

1 (A&B)

example:

N

// SEMANTIC RULES:

X . U
L RS T D VT = W >

1. An <event operand> may be an event variable, an <event exp>
enclosed in parentheses, or a <process-event name>, in : C
which case it is the name of a program or task event. :

2. The arrayness of any <event var> must have been removed :
by suitable subscripting (see Sections 5.3.3 and 5.3.4). i

3. The <event operand> may be optipnally prefaced by the
logical complementing operator NOT (7).

' 4. 1If the <process event name> used as an event operand is
» that of an external PROGRAM, then a <PROGRAM template> must
. ' be included. in the compilation unit. The <process event name> 5
3 ‘ : for a TASK block is defined by the occurrence of the TASK , |
: block within a PROGRAM block. :

6-23 : ‘_é
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6.4 Normal Functions. |

o )
: Sections 6.1.1 through 6.1.3 have made references to (;)
% normal functions which may appear as operands in various types

of <expression™. Normal functions. comprise all those functions :
which are neg conversion functions, and fall into two classes: !

® "built-in" functlons defxned as, part of the HAL/S

language; )
é : ® "user-defined” fuﬁctlons defined by the presence - ~//ﬁ :
i of <funct10n.block> 1n ’compllatlon>s. 3 /

~J

The manner of anoklng each elass of functlon is essentlally
the same. <j

L {’*} N : O
. | ) i R : @ - P 1
; SYNTAX: s .
: normal function :
i normal
. funition ’
) &
! _ -
; | expression
example: . 0/ e c ; i ;}
j -7 SIN(2 X) ’ ~ .
) o . = ) ’ § 4
SEMANTIC RULES: o0 : | ' A
¢ 1. <label> ipvokes execution of a function with name <label>.
2, If <14bel> is a reserved word which is asbuilt-in function
name then that built-in function is invoked. A list of . : ‘
; built-in function names is given in Appendix C. 5 ;
‘ %)
l 3. If a <function block> with name <label> appears in.such a
name scope that <label> is known to the 1nvocatlon, then ‘ .
that block is invoked. , M o . -

4. If no such <function block> ex1sts, then the <fuqctlon block>
is assumed to be external to the <compilation> contalnlng
the invocation. A <function template> for that <function GO
block> must therefore. be present in the <compllatlon>
S ) (see Section 3.6).

4.5. If a <funct10n block> is declared inside a DO...END ton
group; 1t'may only be invoked by a <normal funct10n> cal1 158
contained in the same DO...END group. g
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® implicit integer and scalar to character conversions

Q>

The type of the <normal function> must be appropriate to
the type of the <expression> contalnlng it (see Sections
6.1.1 through 6.1. 3). :
Each of the <expression>s in the syntax diagram is an
"input argument” of the function invocation. put argu-
ments are "call-by-reference" or "call-by-value”

I3 \
Each input argument of a <normal function> must match the
corresponding input parameter of the function definition?2
exactly in type, dimension, and tree®organization, as
applicable, except for the following relations:

a
i

o ’ ¢

124

f\ﬁ

° pr¢0151ons need not match, precision conversions are allowed;

i

.* the lengths of bit d@éuments need not match,
® CHARACTER arguments must be declared CHARACTER(*),

® implicit integer to scalar and scalar to integer
conversions are allowed;
2

Z%re allowed.

itionally, if the parameter is of type FIXED, VECTORF
OK\MATRIXF and the. scallng of both the input argument and
formal parameter are defined, they must be equal.

Input arguments may be viewed as being assigned to their
respective input parameters on invocation of  the function.

.The rules applicable in the above relaxations thus parallel
the relevant assignment rules given in Section 7.3.

\\\
If the appearance of an invocation o# a user~def1ned func-
tion precedes the appearance of its \runctlon block>,
the name and type of thé function must be declared at the
beginning of the containing name snope (see Section 4.6).

Special considerations relate to arrayed input arguments
to the <normal function>. If the corresponding input
parameter is arrayed, then the arraynesses must match in
all respects. In this case, the function is invoked once.
If the corresponding parameter is not arrayed, then the
arrayness Iust match that of the <expression> containing
the function. In this case, the <normal functions> is
invoked once for each array element.

1l "See Section 7.4

2  the parameter specifications for built-in functions is part
of the formal def1n1t10p~glven in Appendix C.
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é
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> >
= 14 ‘,E
|
k., “;
' 4 ‘ ,
' 12 :
) :
z example: :
i DECLARE X ARRAY(4) SCALAR; ' ;f
i : ) , P
’, M i "~ SIN evaluated once i
X1 = SINUXD); R {tor each element of X P
: ADD: FUNCTION (P) SCALAR; =
[ DECLARE P ARRAY(4) SCALAR; j
? . . T Y i!
| 1- RETURN P1+P +Py; |
, CLOSE ADD; . “ e B |
i . ADDH evaluated once
. only: formal parameter
. P has same arrajness
(X1 = [X1 + ADD([XD); as argument X, .
. i [ADD must be defined . BN
. Vi ' before its invocation]. T
,' Note: [ ] enclosing a variable name indicates that it has _ ‘
? been declared to be arrayed. b ° ;
, & \ 3
’ . B
[0 R )
, ¢
: fl )
A%4
v s //// 1
oy -
o
3 |
}, o EREE  6-26
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6.5 Explicit Type Conversions.

S
The limited implicit. type conversions of fered B}QHAL/%
‘ are described elsewhere in this Specification (see Sections -
d 6.1.1 and 7.3). HAL/S contains a comprehensive set of
& function~like explicit conversions, some of which also have
! the property-of being able to shape lists of arguments into
; arrays of arbitrary dimensions. For this reason, conversion
f - functions are sometimes referred to as "shaping functions®.
gg HAL/S contains conversion functions to integer, scalar, vector,
poo- — matrix, bit and character types. N
.
. W
o
; ) :ﬁgy
= -
! ® o
' e o
i 0 5 - .
: : A
| B ¢
Y, Vi :
J
. 2 .
- )
1 p : &)
3 l»f . 6-‘27
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. 6.5.1 Anithmetic Conversion Functions
: ‘ >

Arithmetic conversion functions include conversions to
integer, scalar, fixed, vector, and matrix types.

o
s °

SYNTAX:

,,,,, ’ arithmetic conversion function @

e g o
A | -
- ’ ‘ ?\z"’ =
|
—_— MATRIXF
{ rixeo }-)

._O:}

2 147

<2

example:
INTEGER2 2(4#I+J)

o

GENERAL SEMANTIC RULES:

1. The keyword INTEGER, SCALAR, FIXED, VECTOR, VECTORF,
MATRIX, or MATRIXF gives the result type of the conversion.

2. The conﬁé;sion keyword is optionally followed by a
<precision> specifier giving the precision of the result
"(see Section 6.6), by a <scaling> specifier giving the oo
scaling to be performed during conversion (see Section 6 7),
‘and-by a. <subscr1pt> specifying its dimensions.

6-28

253
Rt




T T

T T R, ey T

LS e

- e St

\ 5.

i ( 3 1.

[

1

“See Section 5.5. 6-29

o

The conversion has one or more <expression>s as arguments.
The total number of data elements implied by the argument(s)
are shaped according to well-defined rules to generate the
result. The data elements in each <expression> are B
unraveled in their "natural sequence"l. The result 6f
doing this for each argument in turn is a single linear
string of data elements.- This string is then reformed or

“"reraveled" to generate the result.

Any <expression> may be preceded by the phrase <arith exp>#,
where <arith exp> is an unarrayed integer or scalar
expression computable at compile time (see Appendix F.).
The value of <arith exp> is rounded to the nearest integer
and must be greater than zero. It denotes the number of
times the following <expression> is to be used in the,
generatlon of the result of the conversion.

The nesting of <arith conversion>s is subject to 1mp1emen-
tation dependent restrictions.

In the context of ah <arith conver516n>, integers, scalars,
vectors, and matrices hdve a defined scaling of 20, a11
<expression>s with defined scalings must have the same

- scaling.-

SEMANTIC RULESC(INTEGER, SCALAR, AND FIXED):

If INTEGER, SCALAR, or FIXED are unsubscripted, and have
only one unrepeated argument of integer, scalar, fixed,

bit, or character type, then if the argument is arrayed, the
result of the conversion is 1dentlcally arrayed.

If INTEGER, SCALAR, or FIXED are unsubscrlpted, and Rule l
does not apply, then the result of the conversian is a linear
(1-dimensional) array whose length is equal to the total
number of data elements implied by the argument(s).

“ILf INTEGER, SCALAR, or FIXED are subscripted, the form of

the <subscript> must be a sequence of <arith exp>s separated
by commas, - The number of <arith exp>s is the dimensionality
of the array produced. Each <arith exp> is an unarrayed
integer or scalar expression computable at compile time.
Values are rounded to the nearest integer.and must be greater
than one. They denote the size of each array dimension pro-
duced. Their product must therefore match the total number of
elements implied by the argument(s) of the conversion.

INTEGER, SCALAR, and FIXED may have arguments of any type
(subject to general rule 6 above) except structure. Type

‘conver51on proceeds according to the standard conversion rules
set out in Appendlx D.

Y
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‘i 5. The precision of the result is SINGLE un)ess forced by the
: precision of a <precision> specifier. - t.}

: 1; 6. > A <scaling> spec1f1er is permitted on INTEGER and SCALAR only
T if 21l the <expression>s are composed of numbers, FIXEDs,
1 " VECTORFs, or MATRIXFs. a

7. When converting FIXEDs, MATRIXFs, and VECTORs, to INTEGERs,
SCALARs, VECTORs, or MATRIXs, the scaling ©of the result of
the conversion (if known) must be 2

? i SEMANTIC RULES (VECTOR, VECTORF, MATRIX, AND MATRIXFQ: c -

1. In the absence of a <subcript>, VECTOR or VECTORF produces
a 51ng1e 3-vector result; MATRIX or MATRIXF produces a
single 3-by-3 matrix resvlt. The number of data elements
implied by the argument(s),must therefore be equal to 3
and 9 respectively.

2. VECTOR, VECTORF, MATRIX, and MATRIXF cannot produce arrays
of vectors and matrlces. ‘Consequently, <subscript> may
only indicate -terminal subscripting.

/‘\

| 3. In VECTOR or VECTORF, the <subscript> must be an <arith exp>,

! _<arith exp> is an,unarrayed integer or scalar expression

» computable at compile time (see Appendix F). Its value

- is rounded to the nearest integer, and must be greater than

’ : one. It denotes the length of the vector produced by the
conversion. It must therefore match the total number of ,
data elements implied by the argument(s) of the conversion. {f}

4. In MATRIX or MATRIXF, the form of the <subscript>must be

<arith exp>,<arith exp>

Each <arith exp> is an unarrayed integer or scalar expression
computable at compile time. Values are rounded to the nearest

; 141. integer, and must be greater than one. They denote the row i
| : | * and column d1mensxons,respect1ve1y,of the matrix produced by
S the conversion. Their product must therefore match the total
number of data elements implied by the argument(s) of the
conversion.

5. VECTOR, VECTORF MATRIX, and MATRIXF may have arguments of <
: 1nteger, scalar, fixeds, vector, and matrix type only.

-l 6. The precision of the result is SINGLE unless forced by the -
‘ presence of a <precision> specifier.

.ﬁ ?. A <sca11ng> spe01f1er is permitted on MATRIX and VECTOR only
if all the <expression>s are composed of numbers, FIXEDs,
VECTORs, or MATRIXs,
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examples:
DECLARE X ARRAY(2,3) SCALAR,
: V VECTOR(3);
INTEGER”X}L\, result is 2,3 array of integers 4/\
|NTEGER([X]., 5.4)) . .. result is linear l2-array of
integers &
<
SCALAR(V) i result is linear 3-array of
scalars
|NTEGER2 6(2”)(]) < result is 2,6 array of integers® " 12‘4
- MATRIX(3#V) result is 3 by 3 matrix, each row
' being equal to Vv
VECT0R6( (X1 vestor of length 6
Note: ' A variable enclosed in [ ] denotes that it is
arrayed
o
)
¥ Tor example:
oy o 12 3]
Let [X] = [4 5 6. 124
1. Argument 2#([X] is "first unraveled", i.e.
[ 123456 12345361
2. Linear ’stroing is then "reraveled" into 2x6 array:
[1 2 3 4 5 6]
I ‘2 3 4 5 6
€
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6.5.2° The Bit Conversion Function. 0
,» Conversion to bit type is carried out by the BIT (w)
conversion function. . !
~ SYNTAX:

bit conversion function ‘ @I}

Af<:>— radix -<:>~{:}-dmﬁu
BIT —— : ;

{ { ’-—Expmsmn‘
2r

onmplo:i
BIT (1+J)
GENERAL SEMANTIC RULES: / T
e guidaieitaba S {
1. The keyword BIT denotes conversion to bit type.
2. The conversion has one argument of integer, scalar, fixed, gﬁ;
bit or character type. If the argument is arrayed, the e

result of the conversion is identically arrayed.

SEMANTIC RULES (without radix ):

1.

Conversions of the argument proceed according to the
standard conversion rules given in Appendix D. The
resulting bit string is of max1mum\1ength for the
implementation and the significant data is right’
justified within the word. >

<subscript> represents component subscripting upon the
results of the conversion. <subscript> has the same

semantic meaning and restrictiomns in the current context -

as it does in the subscripting of bit <variable>s (see
Section 5.3.5).
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SEMANTIC RULES (with <radix>):

.1. The single argument of the <radix> version of the BIT
conversion must be a <char exp>. <radix> specifies a

radix of conversion, and has one of the follow;ng syntac-
t1ca1 forms:

o

@HEX (hexadecimal)
: @DEC i (decimal)
’ eocT - (octal)
@BIN - " (binary)

7

2. The <char exp> must consist of a string (or array of
strings) of digits legal for the specified <radix>; Q
otherwise a run time error occurs. The conversion gencrates
the binary representation of the digit string.

3. During conversion, if the length of the result is too
long to be represented in an implementation, left truncatlon

occurs.
\A)V o
examples: ) ~
i :
- DECLARE X ARRAY(2,3) SCALAR;
BIT(IX} ; result is a 2,3 array of bit strings
‘ t o
= (IXhH Y same as above except that only bits
1 TO 16 1 through 16 of each array element
(T ('FACE') are taken
T
B @HEX " result is bit pattern of hexadecimal
digits represented by argument
Note: A variable enclosed in [ ] denotes that it is g D N
arrayed <
6-33 o
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6.5.3

CHARACTER conversion.

SYNTAX:

{

/ N

The Character Conversion Function.

0
Conversion of character type is carried out by the

%? ‘ #

CHARACTER CONVERS ION FUNCTION

 CHARACTER

fa)

0

" CHARIGTER g (8]

GENERAL SEMANTIC RULES:

l.

'2.

The keyword CHARACTER denotes conversion to character
y;xype .
[}

The conversion has cne argument of integer, scalar, fixed,

bit, or character/type. If the argument is arrayed, the

- resul;%gf the conversion is identically arrayed.,

i
[ « R

s //)\G

) y i
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SEMANTIC RULES (without <radix>):

%.

2.

3.

Conversion of the argument proceeds accordxng to the
standard conversion rules given in Appendix D.

<subscrzpt> represents component subsc:zptxng upon the
results of the conversion. It has the same semantic
mean;ng and restrictions in the current context as it
does in the subscripting of character <var1able>s (see
Section 5.3.5).

A <s_a11ng> specxflcatlon is allowed only if the
<expression> is of type FIXED.
N

Q

SEMANTIC RULES (with <radix>): v

1.

N

The single argument of the <radix> version of the
CHARACTER conversion must be a <bit exp>. <radix?>
specifies a radix of conversion, and has one of, the
following syntactical forms: -

@HEX : (hexadecimal)

@DEC (decimal) __/

@oCcT {octal)

@BIN (binary) !

The value of <bit exp> is converted to the representation
indicated by the <radix>, left padding the value with

binary zeroes as required. The result is a character /

string consisting of the dig%ts of the representation:

i

examples: 0

DECLARE X ARRAYI2,3) SCALAR;

CHARACTER(IX]) result is a 2,3 array of character
: strings
4 TR
CHARACTER. (IXD) ‘ same as above except that only the
® second character of each array
. lement i k
CHARACTER - (BIN '10110] ") °7e7en® *e taken
result is decimal represeritation of
the bit pattern of the argument
Note: A variable enclosed in [ ] denotes that it is
arrayed

6-35
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€.5.4 " The SUBBIT Pseudo-variable.

) The §UBB;T pseudo-variable .is a way of making the
bit representation of other data types directly accessible

without conversion. It may appear in an assignment context

(see Section 7.3) as well as part’of an <expression>. It
is denoted syntactically by <bit pseudo-var>.

Pl

SYNTAX: 5
SUBBIT pseudo-varisble
0 ) )
\ ’ . .
— - @—[,\yﬂiﬁk j—®—-
‘t@ subicript —®-Jf oipmsion
e
example: n
SUBBITg o X! > -
)
i

= =3

SEMANTIC RULES: | ,
1. The keyword SUBBIT denotes the pseudo-variable.

2. SUBBIT has one argument only. If it appears in an
assignment context, the arguwent must be a <variable>.
If it appears as an operand of a bit expression, the

argument must be an <expression>.

< 3. The argument may be of integer, scalar, fixed, bit,
or character type, and may optionally be arrayed.

4.1 The effect of SUBBIT is to make its argument look like

an operand of bit type. (If the argument is arrayed, then

it looks like &n éﬁggyed.bit operand.)

7

5. <subscript> represents component subscripting upon the
pseudo~-variable. It has the same semantic meaning as if
it were subscripting a bit variable (see Section 5.3.5).
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The length of the argument in bits may in some implemen-
2 tations be greater than the maximum length of a2 bit
Koo operand. ' Let the maximum length of a bit operand be
L N bits. If SUBBIT is unsubscripted, only the N leftmost
! bits of the mach1ne representation of the data-type of
: ° the argunient are visible. If the representatlon is less
t : than N, the number of bits visible is equal to the
f length of the particular data argument.

- 7. Partitioning subscripts of SUBBIT may make between 2 and
{ N bits from the represenfatlon of the argument type

- visible at any time (i.e. the partition size is N.)

i N : The partition size must be known at compile tzme. If

| the representation is less than the specified partition
| size, binary zeros are added on the left.

' / 8. In an assignment context, SUBBIT functions may not be

‘ nested within SUBBIT functions. Neither may they
appear as assign arguments, or in READ or READALL
statemengs.

J ;
M " example:
3 B ’ }
s DECLARE P SCALAR DOUBLE; |
i : ‘ .
i . t ]
r . o , SUBB|T33 T0\64(P) bits 33 through 64 of the machine :
. representation of P look like a 32-bit
bit variable
bits 1 through 32 are invisible
3 §' "
i &
: - . @]

va

AN
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6.5.5. Summary of Argument Tipes. U ?
‘ S , . ‘
‘ The asterisks in the following table irf;icate the & i
legal argument types for each conversion function.
INTEGER .~S(::|.MI;R FIXED ARV?E%%QT TYVPEECTORF MATRIX-;AATR W BT [CHARECTER | 5
INTEGER | Sk % | % | % | % *x | %
| SCALAR * | % % * | Lk * || % i )
 FRACTION % * * * % 2 * : |
vecrop EEEIEEEZEEE) \\\ iy |
| -vscmar * | ok - % % % % \\\\ \\\\\\ : %
MATRIX - * |k * % % * N\\\\ 5
— : NN t
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6.6 EXP;_ICIT PrecisioN CONVERSION,

The preciéion specifier may be used to cause explicit
precision conversion of integer, scalar, fixed, vector,
and matrix data types.

SYNTAX:

precision specifier

{ SINGLE )}

\—-—J ! 1\
L — . -
DOUBLE g

SEMANTIC RULES:

1, If <precision> is specified as“a subscript to an
<arith operand> (see Section 6.1.1), a conversion to
the precision specified takes place.

2. If <precision> is specified,as a subscript to an
<arith conversion> then the result of the conversion is
generated with the indicated precision.

3. If referring to integer type, SINGLE implies a halfword,

and DOUBLE a fullword. The interpretation is machine
dependent. :

- 6-39
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SCALING -,
FIXEDs, VECTORFs, and MATRIXFs contain values between

minus one and one. It is the programmer's responsibility

to define appropriate scale factors for all fractional objects

and to explicitly specify all scaling operations. The scaling
specifier is used to define the scale factor associated with a
FIXED, VECTORF, or MATRIXF, and to specify any required

changes in that scaling. Scaling specifiers may be -used as
attributes in declarations (Section 4.5), to specify changes

in the scaling of literals, FIXEDs, VECTORFs, and MATRIXFs .
(Section 6.1.1), and to specify changes in scaling while
performing conversions (Sections 6.5.1. and 6@5'3)'

© SCALING 7 .

arith exp =

(&)

arith exp | ¢ }

6.7
147

1.

2.

3.

SEMANTIC RULES:

factor by 2<arith exp> which is equivalent to a multiplica-

;When used as an attribute in' a declaration, it defines

‘When used as an operators it specifies a change in the scale ~

S ST P T e e

)
<arith exp> must be of either integervor’scélar type.

The form @<arith exp> specifies a scaling of 2°arith exp?

When used as an attribute in a declaration, it defines the
scale factor of the associated objects to be 2<arith exp>, ‘
When used as an operator, it specifies a change in the scale
tion by 2-<arit exp>,
The form @@<ar§th exp> specifies a swaling of <arith9exp>. =
the scale factor of the associated obkjects. to be <arith exp>. _
factor by arith exp which is equivalent to a multiplication
by <arith exp>"1, , '
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| 7.  EXECUTABLE STATEMENTS
i \{\' b Ty i .
| Executable statements are the building blocks of the
HAL/S language. They include assignment, flow control, real i
? time programming, error recovery, and input/output statements.
S Syntactically a statement of the above type is designated by
<statement>. The manner of its integration into the general
organization of a HAL/S compilation was discussed in Section 3.
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7.1 Basic Statements.

)
All forms of <statement> except the IF statement

and cgrtainwforms of the ON ERRCR statement (Section 9.1);
fall into the category of a <basic statement>.

SYNTAX: 3
\

Ry

|

basic statement p————

Any <basic statement>, unless it is imbedded in an IF
statement or ON ERROR statement, may optionally be labelled
with any number of <label>s, Not all forms of <basic §
statement> are described in this Section. Real time )
programming statements are described in Section 8, error

recovery statements in Section 9, and input/output statements
in Section 10.
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7.2 The IF Statemen. |
1
;
1
The IF statement provides for the unconditional exec- ﬁj
tion of seyy‘ents of HAL/S code. o I
SYNTAX: 1
v
|
1
IF stomment j
; !
\“‘\ . i
I  condition - ——— ;
bit exp ’ |
J 26 1
- - - ——t SLALEMENT i,
7 L 4@, J j
, B — eoee ol : 1
“ ICItIDw!-;-‘k LSE)—,. statement |- ]4
i
example:  IF J > 0 THEN K = 1; §
' ELSE K = 2; ‘
) 1
? 1
SEMANTIC RULES: |

1.

The IF statement, unless it is imbedded in another i
IF statement or in an ON ERROR statement, may
optionally be labelled with any number of xlabel>s.

The “option to label the <statement> or <basic statement> {129
of an IF statement is not disallowed. However, such .
labels may only be referenced by REPEAT or EXIT state-

ments within=the (compound) <statement> or <basic statement>

thus labelled.

If <bit exp> appears in the IF statement, then it must
be boolean (i.e. of 1l-bit length).

If thé <condition> or <bit exp> is TRUE, ‘then the <statement>
or <basic statement> following the keyword THEN is executed.
If <bit exp> is arrayed, then it is considered to be TRUE
only if all its array elements are TRUE. Execution then
proceeds to the <statement> follow1ng the IF statement.

o
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5. If the <condition> or <bit exp> is FALSE then the
- <gstatement> or <basic statement> following the keyword
THEN is not executed. If the ELSE clause is present
then the <statement> following the keyword ELSE is
executed instead, and then executior’ proceeds to the
<statement> following the IF statement. If the ELSE

clause is absent, execution merely proceeds to the next
<statement>, =

NOTE: If the ELSE clausegis present, a <basic statement>

‘rather than a <statement> precedes the keyword ELSE. A

nested IF statement therefore canhot appear in this position,
thus preventing thq}well—known *dangling ELSE' problem.

D
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7.% The Assignment Statement.

&

o

The assignment statement is used to change the current
{ value of a <variable> or list of <variable®s to that of an
expression evaluated in the statement.

)

SYNTAX: g

v

#

|

assighmant statement

o

} - - variable expression
IO
I
by example: )
Y / ETA, KAPPA = LAMBDA + 1;

GENERAL SEMANTIC RULES:

1. <variable> . may not be an event variable or an input
parameter of a procedure or function block.

2. The effectlvﬁ order of execution of an assignment state-

ment is as follows:

® any subscript expressions on the left-hand side are

_evaluated;

® the right-hand side <expressf§n> is evaluéted;

® the values of the left-hand side <var1able>s are

changed.

3. If the (expressiond® on the right-hand side is arrayéiﬁz

then all the <variabled>s on the left-hand side must be

arrayed.

side must be the same, and correSpondlng dimensions on
either side must match in size.

7-5
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If the <expr2551on> on the rlght-han& side is not arraxnd =
then it is still possible for one or more <variable>s’o: {w)
left-hand side to be arrayed. 1If more than one <variable>

is arrayed, the arraynesses must match in the sense of

General Semantic Rule 3, above. The single unarrayed value

will be assiqgié to every element of arrayed targets.

Generally, the type of the <expression> must match the
types of the <variable>s on the left-hand side. Specific
exceptions to thls‘\gle are listed below. The type of

an assignment is taken to be the same as the type of the
<variable> whose value is being changed.

If a variable has a RANGE attribute then the runtime value

of the expression must fall within the range. ,An out of -

range assignment may lead to compile time and/or runtime. .~
error messages--its effect is undefined.

SEMANTIC RULES (integer and scalar assignments): s

1.

The following implicit type conversions are allowed
during assignment:

e Assignment of an integer <expression> to a scalar
<variable> is allowed;

e Assignment of a scalar <expre551on> to an inteager -
<variable> is allowed. ¢ ¥

If the left- and right-hand sides of a scalar assignment
have differing precisions, precision conversion is freely
allowed. Conversion from DOUBLE to SINGLE precision
implies truncation of an implementation dependent number o
of binary digits from exponent, mantissa, or both.

SEMANTIC RULES (fixed assignments):

'l..

2.

3.

Both the <variable> and the <expression> must be of type FIXED.

1f the scaling of both the <variable> and the <expression> are
defined they must be equal.

I1f the <variable> and the <expression> have deferent‘Qre0151ons,
the value of the <expression> is truncated on the right or zero
extended on the right to conform with the precision of the
<variable>,

7-6
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SEMANTIC RULES (vector and matrix assignments):

1. fThe <expressxon> must normally be a vector or matrix
expression with the same type and dimension(s) as the
<variable>s on the left-hand side. One relaxation of
this rule is permitted. Matrix or vector <variable>s may
be set null by specifying literal zero for the <express1on>.
In this case only, both matrices and vectors of any <
dimension(s) may appear mixed in the list of <variable>s.

< |
f

147

2, If the left= and rlght-hand sides of an a551gnment have
differing precisions, precision conversion is freely allowed,
according to the ;semantic rules for scalar and flxed as-

signments given above. o

3. For VECTORF and MATRIXF assignments, if the scaling of both '
the <variable> and the <expression> are defined they must be

equal. ; 7 N Q

SEMANTIC RULES (bit assignments):

1. If the length of the bit <expression> is unequal to that
of the left-hand side bit <variable>, then the result of
the <expression> is left-truncated if it is too long, or
,left-padded with blnary zeroes if it is too short.

Eoane
e

2. The effect of a left-hand side <Var1able> belng a B S :
<bit pseudo-var> is described in Section 6.5.4. S

SEMANTIC RULES (character assignments):

1l. Assignment of an 1nteger or scalar <expression> to a
character <variable> is allowed., During a551gnment/the
integer or scalar value is converted to a character string
according to the conversion formats given in Appendix D.

2. 1If <variable$ is a character variable with no component
subscripting, then: e

‘ If the 1ength of the <exnre5510n> is greater than the

declared maximum length of the <variable>, the
<expression> is right-truncated to that length. The
<variable> takes on its maximum length.

e If the length of the <expression> is not greater than

the declared maximum length of the <variable>, then y
<variable> takes on the length of the <expression>. :

1-7

& ,"‘
. ,.,e.,rmm»xciq

5.

o e it ol . - . L
R T



T e o

B TR e Ty e
ERELMEE .

SEMAN

()

%)

Y
A\
: M

. T
| e = -

If <variable> is a character variable w1th component sub-)
scripting then: -

e If the length of the <expression> is greater than the
length implied by the component subscript, then it“xs
right-truncated to the implied 2ength. .

o If Aﬁe length of the <expression> is less than the
length implied by the component subscript, then it is
rlght-padded with blanks %0 the implied length.

° After assignment the <variab1e> takes on the length
.implied by the upper index of the component subscript,
or retains its original length, whichever is the
greater. If the upper index of the subscript implies
a length greater than thé declared maximum for that
<variable>, rlght-truncatlon to the maximum 1ength
occurs.

e If the lower index is greater than the length of the
<variable> before assignment, then the intervening
gap is filled with blanks.

TIC RULES (structure assignments):

O ,

<expression> can only be a <structure exp>. The tree”
organization of the structure operands on both sides

of the assignment must match exactly in all respects.
The sense in which tree organizations of two structures
are said to match is described in Section 4.3.

7 (& v

8]

)

ST

TUSPURSIN & (S

e mi ATTL o N e T




{1

7.4 The CALL Statement.

Q§§

The CALL statement is used to invoke execution of a
procedure. The PROCEDURE block may be in the same <compilation>
as the CALL statement or external to it. )
SYNTAX:

W

CALL statement
‘cxg;mion
—_— . 3 O\
o U/

] vaiiabte
example: )
CALL EPSILON (A * B) ASSIGN (C);

SEMANTIC RULES:

l. CALL <label> invokes execution of a procedure with name
<label>.

2. if a <procedure block> with name <label> appeérs in such
a name scope that <label> is known to the CALL statement,
then CALL <label> invokes that block.

2.5. 1If a <procedure block> is declared inside a DO...END

group,. it may only be invoked by a CALL statement contained

in the same DO...END group.
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3. 1If no such <procedure block> exists, then the <procedure

‘ bhlock> is assumed to be external to the <compilation>
containing the CALL statement. A <procedure template>
for that <procedure block> must therefore be present in
the <compilation> (see Section 3.6).

4. Each of the <expression>s is an "input argument" of the
procedure call.

5. Each of the <variable>s is an "assign argument" of the
procedure call. Only assign arguments may have their
values changed by the procedure. If <variable> is sub-
scripted, it must be restricted in form to t%e following:

e No component subscripting for bit and character types.

® If component subscripting is present, <variable> must
3 , be subscripted so as to yield a single (unarrayed)
£ element of the <variable>.

e If no compénent subscfipting is present, but arréy.
subscripting is, then all arrayness must be subscripted
away .

6. Assign arguments are "call-by-reference". Input arguments
are either Y“Ycall-by=reference" or "call-by-value™.

Each assign argument must match its corresponding procedure
block assign parameter exactly in type, precision, dimension,
arrayness, structure tree organization, and DENSE and
REMOTE attributes, as applicable. CHARACTER lengths

154 are an exception; they must be declared CHARACTER(*).
The reason is that character types are of varying length
and the actual length is available at execution. If an
assignment argument has the LOCK attribute, then the
following must apply:

H RIS
~
«

4

® If it is of lock group N, then the corresponding assign
parameter must be of lock group N, or *.

@ If it is of lock group », then the corresponding
parameter must also be of group .

1 In‘thig context "call-by-reference"” means the arguments

are pointed to directly. "Call-by-value" means the

124 5 value of an.input argument, at the invocation of a
procedure, is made available to the procedure.
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¥ | 8. Two types of indentifiers may not be used as assign argu-
; PR ments of a CALL statement when they are part of structure ;
. ' variables and have a DENSE attribute. They are integer 142
. l type identifiers with a specified RANGE attribute and bit
' ' 3 type identifiers. All other types of structure terminals
P with the DENSE attribute may be used as ASSIGN arguments.
n } See Sections 4.3 and 4.5 for further explanation of the.
‘ DENSE attribute. Note, however, that an entire structure
: } with the DENSE. aftribute may be passed provided that
} % ‘ - template matching rules are observed.
’ ] 2
| i
’ E
| |
l J
i l
] kG %
| i
T N .
- 1
T |
| i
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: ﬁ
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For 1nput arguments, the following “ T laxatlons of
rules 7 and 8 are permltted' ’

9.
) prech51ons need not match
|
& the lengths of bit arugments need not match;

‘. o
e CHARACTER ajguments must be declared CHARACTER(*);

e implicit integer to scalar and scalar to integer
conversions are allowed; ",

e implicit integer and scalar to character conversions
are allowed;

PY matchlng of the attrlbutes 'DENSE and REMOTE is not
‘required.

Input arguments may be viewed as being aSsigned to their
respective input parameters on invocation of the procedure.
The rules applicable in the above relaxations thus
parallel the relevant assignment rules given in

Section 7.3.

10." If the formal parameter and actual argument are both
FIXEDs, VECTORs, or MATRIXs with defined scaling,
then the scalings must be equal.

11. If an assign argument-is a structure terminal or a

minor structure node (but not if it is a maior structure)
and if the structure possesses multiple copies, then the

number of coples must be reduced to one by subscripting.

2l

example:

STRUCTURE Z: BN
1A,
2 C CHARACTER (80),
2 B VECTOR,

1 D INTEGER;
DECLARE 2z Z- STRUCTURE(ZO)

CALL °X ASSIGN(ZZ, 2Z.A, ZZ.A.B,

ZZ.A1); s
— \
————
legal illegal legal
[
) ‘ '
7-12
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7.5 The RETURN Statement.

execution from a TASK, PROGRAM, PROCEDURE, or FUNCTION block.

&

The RETURN statement is used to cause return of

In the case of the FUNCTION block it also specifies an
expression whose value is to be returned.

SYNTAX

RETURN statemant

basic
statement

'\.RETU‘RN } 1 > —J O
expressic. [

example
\\ DONE: RETURN ZETA;

Y

GENERAL SEMANTIC RULES:

1.

The effect of the RETURN statement is to cause normal
exit (return of ‘execution) from a TASK, PROGRAM,
PROCEDURE,; or FUNCTION block. (Also see the CLOSE
statzament, Section 3.7.4). . .

<expressxon> may only appear in a RETURN statement of

a <function>. 1Its value is the returned value of the

function, and is evaluated prior to returning.,

ORIGINAL PAGE IS
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: 3. <expression> must match the function definition in type
; and dimension, with the following exceptions: g tJ

g T

!
- o e the llengths of bit expressions need not match;
e the lengths of character expressions need not match;

e implicit integer to scalar and scalar to integer
conversions are allowed;

e implicit integer and scalar to character conversions ) }
are allowed. )

The return of the function values may be viewed as the ,
assignment of the <expression> to the function name. { -
The rules applicable in the above exceptlons thus

parallel the relevant a551gnment rules given in Section 7 3.

e M

>

4. If the <expression> and the function are both FIXEDs,

i
i
i
H
i
3
i
{

147 § i VECTORFs, or MATRIXFs with defined scalings, the scalings :>
- . must be equal. 7
124 ' 5. <expression> must always appear in RETURN statements of

<function block>s. Execution must always end on logically
reaching a RETURN statement of such a block, and not by )
loglcally reaching the delimiting CLOSE statement. '

v
I
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7.6 The DO...END Statement Group.

The DO...END statement group is a way of grouping a

- sequence of <statement>s-together so that they collectively

look like a single <basic statement>. Additionally, some
forms of DO..END group provide a means of executing a $equence
of <statement>s either iteratively, or conditionally, or both.

SYNTAX:

DO . .. END statement group

~ procedure block %
3 -

function block

l 150

basic
statement

i update bfock =

55
do statement P>~ o end statement |——
51
-1 statement '

44 "
- ) j
example: =/

DO WHILEJ>0;

Jrd-1;
END;

The DO...END statement group is opened with a <do statement>

and closed with an <end statement>. In between may appear

any number of <statement>s interspersed as required with

FUNCTION, PROCEDURE, or UPDATE blocks. The form of the : '150
<do statement> determines how the <statement>s within the

group are executed.
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7.6.1 The Simple D0 Statement.

9]
The simple DO statement merely indicates that the follow-
ing sequence of <statement>s comprising the group is to be

viewed as a single <basic statement>. The sequence is executed
i once only. P

SYNTAX:

simple DO statemant

T TN . o .
R,
N
| e ( - } { po }—{ :}———-
Y 3 .
] -
]
v
7
Y
(9
}
! 7
/
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7.6.2 The D0 CASE Statement.

The DO CASE statement indicates that in the fo;fbwing
sequence of <statement>s comprising the group, only one
specified <statement> is to be executed.

SYNTAX:

: m DO CASE Statement @

— DO CASE arith exp —G ~0e ——— - -J

= ' N R

.{ ° m ELSB)—-{ statemant

K exampla:
i ALPHA: DO CASE J- 1;

SEMANTIC RULES:

- 1. <arith exp> is any unarrayed integer or scalar expression.
( g The value of a scalar expression is rounded to the nearest
- 1nteger before use. , iy

2. Let the value of <arith exp> be denoted by K. If K is
greater than zero, but not greater than the number of
<statement>s in the group, then the Kth Xstatement> of
the group is executed.

3. If the value of K is outside the range defined in Rule 2,
and no ELSE clause appears in the DO CASE statement,
then an error condition exists. The result of such’ 134
an error is implementation dependent. ‘

i 4.  If the value of K is outside the range defined in Rule 2,
P . but an ELSE clause does appear, the <statement> following
g the ELSE keyword is executed instead of one of those in the| 159
: ‘ group. The option to label <statement> is not®disallowed.
However, such labels may only be referenced by EXIT or

V . REPEAT statements within the (compound) <statement> thus

! ‘ labelled. :

i 5. rThe presence of any code block deflnltlon in the group of
- , : <statement>s does not change the K-indexing of the <statement>s
‘ ' except for UPDATE bloc¥s (which are con51dered as single
statements) . :

154

i
&

7-17

e




Q

bt i 2T

7.6.3 The DO WHILE and UNTIL Statements.

The DO WHILE and UNTIL statements cause repeated ,
execution of the sequence of <statement>s in a group until J
some condition is satisfied.

SYNTAX:

DO WHILE and UNTIL statements «

candition
| bit exp ]@— R

DO WHILE | > 0; ) o A

oxangploz

SEMANTIC RULES:

1. There is no semantic restriction on <condition>.
<bit exp> must be boolean and unarrayed (i.e., of
l1-bit length). The <condition> or <bit exp> is re-
evaluated every time the group of <statement>s is
executed.

2. In the DO WHILE version, the group of <statement>s is
i repeatedly executed until the value of <condltson> or
<bit exp> becomes FALSE. The value is tested at the
beginning of each cycle of execution. This implies that
if <condition> or <bit exp> is initially FALSE the group
of <statement>s is not executed at all.

h\
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3. In the DO UNTIL version, the group of <statement>s is
repeatedly executed until the value of <condition> or .
<bit exp> becomes TRUE. The value is not tested before
the first cycle of execution. On the second and all
subsequent cycles of execution, the value is tested at the
beginning of each cycle. Use of the UNTIL version there-
fore guarantees at least one cycle of execution.
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~ SYNTAX: o

7.6.4 The Discrete DO FOR Statement. .

The discrete DO FOR statement causes execution of the
sequence of <statement>s in a group once for each of a list
of values of a "loop variable". The presence of a WHILE or
UNTIL clause can be used to cause such execution to be depend-
ent on some conditxon being sat:.sfzed.

G

1Y

o
o

discrets < FOR statement

0 -

do : @
<suumun > i )
—3 - e Eo,n)— arith var

i M
T N\
| condition
bit eﬁp
example: k4
DO FOR | = 10, 20 WHILE J > 0; i
SEMANTIC RULES: o

1. <arith var> is the loop variable of the DO FOR statement.

It may be any unarrayed integer, scalar, or fixed
variable. The initial loop variable, determined after all
required subscripting and NAME dereferencing, is used
throughout.

2. The maximum number of times of execution of the group of
<statement>s is the number of <ar1th exp>s in the assign-

ment list.

3. <ar1th exp> is an unarrayed INTEGER SCALAR, or FIXED
’ express:Lon .

0 ’ . GR!G'{NAL PAGE 18
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4. FIXED may be used only if the <arith var > and all .
the <arith exp>s are fixed, If more than one’of the 1147
FIXEDs in the DO statement has a defined scaling, the
scalings must be equal.

e 5. At the beginning of each cycle of execution of the group
the next <arith exp> in the list (starting from the left-
most) is evaluated and assigned to the loop variable. The

a551gnment follows the relevant assignment etatement rules
given in Section 7.3.

T R S e AL 3ies e

TR T Ty R e

6. Use of the WHILE or UNTIL clause_causes continuation of
cycling of execution tu be dependent on the valuz of

r , <cond%t10n> or <bit exp>.

- There is no semantic restrlctlon or <condition>.

oy <bit exp> must be boolean and unarrayed (i.e. of
1 l-bit length). The <condition> or <bit exp> is re~

r ‘ evaluated every time the group of <statement>s ig)

executed. .

Q o

, B f’ 8. . If the WHILE clause is used, cycling of execution is

\ abandoned when the value of <condition> or <bit exp>

' becomes FALSE. The value is tested at the beginning of

i ‘ each cycle of ‘execution after the assignment of the loop

' variable. This implies that if <condition> or <bit exp>
i is FALSE prior t& the first cycle of execution of the group,
) then the group will not be executed at all. .

i
~J |
1]

R
[o o]
1]

et et ke

9. If the UNTIL clause is used, cycling of execution is
abandoned when the value of <condition> or <bit exp>
becomes TRUE. The value is not tested before the first
cycle of execution. On the second and all subsequent
cycles of execution, the value is tested at the beginning

= 7 of each cycle after the assignment of the loop variable.
) Use of the UNTIL version therefoye always guarantees at
least one cycle of execvtion.
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7.6.5  The Iterative D0 FOR Statement.

2}

operation to the discrete DO FOR statement, except that the
list of values that the loop variable may take on is replaced
by an initial value, a final value, and an optional increment.

SYNTAX:

L
)

5

iterative DO FOR stamment

= - e

= - ~—Po FO@— arith var L-@— arith exp -.._
|

r s e B EXP - -

arith exp W condition ’

axample:

DO FOR1=1TO308Y 2 UNTILJ<O: ~

SEMANTIC RULES:

l. ~<arith var> is the loop variable of the DO FOR statement.
- It may be any unarrayed integer, scalar, or fixed
variable. The initial locp variable, determined after

all required subscripting and NAME dereferencing, is used
‘throughout.

2. Each <arith exp> is any unarrayed integer, scalar, or
fixed expression. All are evaluated prior to the first
cycle of execution of the group.

7-22
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e

FIXEDs may be used only if the <arith var> and all
the <arith exp>s are fixeds. If more than one FIXED

in the DO statement has a defined scaling, the 147

scalings must be equal. When FIXEDs are used, the
BY clause must appear. f

If a BY clause appears in the DO FOR statement, the value
assigned to the loop variable prior to the ﬁth cycle of
execution is equal to its value on the K-1 cycle plus
the value of <arith exp> following the BY keyword (the
"increment").

Assignment of values to the loop variable follows the
relevant a551gnment rules given in Section 7.3. 1In
particular, if Lhe loop variable is of integer type,

and an initial value or increment is of scalar type, the
latter will be rounded to the nearest integer in the
assignment process. The effect of the loop variable assign-
ment is identical to that of an ordinary assignment state-
ment: the loop variable will retain the last value computed
and assigned when the DO statement execution is completed.

after the value of the loop variable has been changed, it
is checked against the value of the <arith exp> following
the TO keyword (the "final value").

If the sign of the incremént is positive, the next cycle
is permitted to proceed only if the current value of the
loop variable is less than or equal to the final value.

If the sign of the increment is negative, the next cycle is
permitted to proceed only if the current value of the loop
variable is greater than or equal to the final value.

If the WHILE clause is used, cycling of execution is
abandoned when the value of <condition> or <bit exp>
becomes FALSE. The value is tested at the beginning of
each cycle of execution after the assignment 'of the loop
variable. This implies that if <condition> or <bit exp>

is FALSE prior to the first cycle of ekecution of the group,
then the group will not be executed at all.

If the UNTIL clause is used, cycling of execution is
abandoned when the value of <condition> or <bit exp>
becomes TRUE. The value is not tested before the first
cycle of execution. On the second and all subsequent
cycles of execution, the value is tested at the beginning
of each cycle after the assignment of the loop variable.
Use of the UNTIL version therefore always guarantees at

least one cycle of execution. - /ﬁ
4 .




[x}

I 7.6.6 The END Statement.
' 2

o

The END statement closes a DO...END statement group.

SYNTAX: . . o

- END statsment

=) e
T (e )——s / —~
Lo-®- L=

example:
END LOOP:;

SEMANTIC RULES:

1. If <label> follows the END keyword, then it must match a
. <label> on the <do statement> opening therDO...END group.

2, The <end statement> is considered to be part of the group,
in that if it is branched to from a <statement> within the
group, then depending on the form of the opening <do
statement>, another cycle of execution of the group may
begin.  (The END statement closing a DO CASE is not counted

154 as another case.)

a

V
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1.4 Cther Basic Statements. .

Sl J

i ) TR TN o & » o
| Other <basic statement>s are the GO TO, "null", 7

M

¢ EXIT, and REPEAT statements.

Sy

P SYNTAX: :
b ;
P GO TO, "null", EXIT, and REPEAT stateménts .@
!!,
N i
%
| example:
ONE: DO FOR | = 1 TO 10;
TWO: DO FOR & = 37 TO 43; REPEAT
IF By g = FALSE THEN REPEAT ONE
o END;
t END:
, SEMANTIC RULES:
i 1. The GO TO <label> statement causes a branch in execution
! to an executable statement bearlng the same <label>.
: The latter statement must be within the same name scope
. as the GO TO statement. A GO TO statement may. not be
. used tb cause execution to branch into a DU.:.END group,
S or intc or out of a code block.
b 2. The "null" statement (where no syntax except possikle
<label>s precede the terminating semicolon) has,no effect

at run time.
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The, EXIT statement is legal only within a DO...END group,

or w1th1n,such groups nested. The ~Ihrm EXIT <labed controls
execution relative to the enclosing DO...END group whose

<DO statement > bears <label> . The form EXIT controls
execution relative to the innermost enclosing DO...END group.
Execution is caused to branch out of the DO...END group
specified or implied, to the first executable statement
after the group. .

The REPEAT statement is- legal only within a DO...END group
opened with a CO FOR, DO WHILE, or DO UNTIL statement, or
within such groups nested. The form REPEAT <label > controls .
execution relative to the enclosing such group whose<DO
statement > bears <label>. The form REPEAT controls execution
relative to the innermost such group. Execution is caused
to abandon the current cycle of the DO...END group. If the
conditions of the opening <LO statement > are still satisfied,
the next cycle of execution begins normally.

Code blocks (procedures, functions, etc.) may aprear within
DO...END groups. However, EXIT, REPEAT, and GO To statements
may not be used to cause executlcn to branch into or out of
such code blocks.
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8. REAL TIME CONTROL

g

HAL/S contains a comprehensive facility for creating
a multi-processing job structure in a real time programming
epvironment. At run time a ‘Real Time Executive (RTE) con~
trols the execution of processes held in a process gqueue.
HAL/S contains statements which schedule processes (enter

them in the process queue), terminate them (remove them from

the process queue), and otherwise direct the RTE in its
controlling functlon. HAL/S also contains means whereby the
use of data by more than one process at a time is managed in
a safe, protected manner at: speclflc, localized points within
the processes.
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8.1 Real Time Processes and the RTE.

., In HAL/S, a program or task may be scheduled as iﬁj =)
;. a process and placed in the process queue. Although the
) process created is given the same name as the program or task,
it is important to distinguish the static FRAGRAM or TASK
block from the dynamic program or task pr #5 created. Two
processes are actually involved in the crea lqg of a process:
the schedgling process, or "father"; and the scheduled process,
or "son".:

A process is said to be either "dependent" or "independ- . .
ent", as designated when created. A program or task process
: is "dependent" if it is absolutely dependent for its existence
! upon the existence of its father. 1If a orogram process is -
: "independent” its existence is independent of that ’
i of all other processes. If a task process is "independent"
==y its existence is generally independent of that of all other
processes with an important exception: the program process in
whose static PROGRAM block the stati¢ TASK block of the task
process is defined.

Each process in the RTE's process queue is at any
1nstant in one of a number of states. For the gurposes of
this Section, the followxng states are deflned

e "active" - a process is said to be in the active
state if it is actually in execution. Depending
on the implementation it may be possible for
several processes tp be in execution simultaneously. L

e "wait" - a process is said to be in the wait state if
it is ready for execution but the RTE has decided
on a priority basis that its execution should be
delayed or suspended.

e "ready" - a process is said to be in the ready state
if it is in either the active or the wait states.

e N )

® "stall" - a process is said to be in the stall state '
if some as yet unsatisfied condition prevents it
from being in the ready state.

The occurrence of a prodess being brought into the active
state for the first time is called its "initiation".

*

TR o

except of course for the first or "primal" process which

must be created by the RTE itself.

2 these states are not necessarily defifitive of those actually

existing in any particular implementation of the RTE. , A
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Execution of a CLOSE or RETURN statement by an active
process causes the following sequence of events: .

1. CANCEL commands are issued for all DEPENDENT process
still on the process gueue. (See Section 8.4)

2. The processs enters a stall state until all DEPENDENT 151
processes have finished.

3. The current cycle is deemed finished. Control reverts
to the RTE which may or may not remove the process from the U
process gueue.

8.2 Timing Considerations.

In the HAL/S system, the RTE contains a clock measuring
elapsed time ("RTE-clock" time). Time is measured in "machine
units" (MU) whose correspondence with physical time is imple-
mentation dependent HAL/S contains several instancés of timing
expressions which in effect make reference to the RTE-clock.
Simultaneous occurrences produce 1mp1ementat_en dependent I 151
results.

0
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8.3 The SCHEDULE Statement. -

™

Processes are scheduled (placed in the process queue)
The statement has many

variant forms and offérs the following features:

means of the SCHEDULE statement.

® A process may be scheduled 'so that the RTE immediately
placﬁs it in a ready state, or so that the RTE places

it in a stall state pending some condition being satls-

fied.

\

A‘pfocess:may bé‘designated dependent or independent.

+e The cyclic execution of a process may be specified.

e Conditions of future,removal of a process from the
process queue may be!fpec1f1ed.

{

w\

/AN

L

SYNTAX:

©

SCHEDULE statemant

o AT }- writh exp 24

arith exp

24

g{ SCHEDULE H label }
24
—————— -—Galomro—@—- arith exp )

ON

DEPENDENT

avent exp

avent exp

f()_ |

e

REPEAT

‘example:

SCHEDULE IOTA PRIORITY {5);
SCHEDULE DELTA PRIORITY {P-2} DEPENDENT. REPEAT EVER! 15.9;

>
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SEMANTIC. RULES:

1.

©

SCHEDULE <label> schedules a program or task with the
name <label>, placing a new process with name <label> in
the process queue. A run time error results if a
process of that name already exists in the process queue.
Unless otherwise specified the RTE puts the new process
in the ready state immediately after execution of the
SCHEDULE statement.

The phrase IN <arith exp> is used to cause the process
to be put in the stall state for a fixed RTE-clock dura-

“tion. <arith exp> is any unarrayed integer or scalar

expression evaluated once at the time of execution of the
SCHEDULE statement. If the value is not greater than
zero then the process is put immediately in the ready
state.

The phrase AT <arith exp> is used to cause the process
to be put in the stall state until a fixed RTE-clock

time. <arith exp> is any unarrayed integer or scalar
expression evaluated once at the time of execution cf

-the SCHEDULE statement. If the value:is not greater than

the current RTE-clock time and the REPEAT EVERY option
is not specified, then the process is put immediately

in the ready state. If the value is less than the current
RTE time and.the REPEAT EVERY option was specified, then
phased scheduling takes place. The process is put in a
stall state until a future time computed by the expression

CT + RE - ((CT-AT)MOD RE), where CT = current time, RE = RE-
PEAT EVERY cycle time, and AT = originally specified AT tima.

The phrase ON <event exp> is used to cause the process

to be put in the stall state until some event condition
is satisfied. Starting from the time of execution of

the SCHEDULE statement, the <event exp> is evaluated at
each "event change point"? until'its value becomes TRUE.
At that time the process is placed in the ready state. @
If the value of <event exp> is TRUE upon execution of the
SCHEDULE statement, then the process is 1mmed1ately °
put in the ready state. ‘

i

1 the meaning of an "event change p01nt" is’ deflned in 9
~3ection 8.8. ~

(e
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The initiation priority is set by means of the phrase 2
PRIORITY (<arith exp>) where <arith exp> is an unarrayed
integer or scalar expression which is evaluated once on
execution of the SCHEDULE statement. Scalar valuesware
rounded to the nearest integral value. Its value must:
be consistent with the priority numbering scheme set up
for any implementation, otherwise a run time error results.
A priority value must be present in the SCHEDULE statement.

Interpretation of priority is implementation dependent. N

il

When the keyword DEPENDENT is specified, the process created

by the SCHEDULE statement is dependent upon the continued
existence of the scheduling process. Note, however, that
a TASK process is always ultimately dependent upon the en-
closing PROGRAM process. Thus when scheduling a TASK from

the PROGRAM level of nesting, the keyword DEPENDENT is re~ *

dundant and need not be specified.

The REPEAT ‘phrase of the SCHEDULE statement is used to
specify a process which is to be executed cycllcally by |
the RTE until some cancellation criterion is r&t. If the
REPEAT phrase is not qualified, “then cycles cf execution
follow each other with no 1nterven1ng time delay. To

cause execution of consecutive cycles to be separated by

a fixed intervening~RTE—clock time delay, the qualifier
AFTER <arith exp> is used. <arith exp> is an unarrayed
1nteger, scalar, or FIXED expression evaluated once at the
time of execution of the SCHEDULE statement. If the value
is not greater than zero then no time delay results. To
cause the beginning of succeéssive cycles of execution to

be separated by a fixed RTE-clock time delay, the qualifier
EVERY <arith exp> is used. <arith exp> is an unarrayed
integer or scalar expression evaluated once at the time

» of execution of the SCHEDULE statement. If the value is

such as to cause a cycle to try to start execution before
the previous cycle has finished execution, then a run-
time error results.

Between the successive cycles of executicx’ of a cyclic
process, the process is put in a stall state and retains
the machine resources the RTE reserved for it. It is
not temporarily removed from the process queue.

The WHILE and UNTIL phrases provide a cancellation cri-
terion for a cyclic process. Before the cyclic process is
initiated, they also prov:de a means of removal of the
process from the’process queue. In this latter capacity,

they also apply to- pon-cycllc processes. , s
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The UNTIL <arith exp> phrase specifies a cancellation
criterion based on RTE-clock time. <arith exp> is an » 147
unarrayed integer, scalar or fixed expression evaluated |
once at the time of execution of the SCHEDULE statement.
For any process, cyclic or non-cyclic, the following is
true# If the value of <arith exp> is not greater than
the current RTE-clock time, then the process is“never
entered in the process queue. Otherwise & CANCEL command l 151
is issued if the RTE-clock equals <arith exp> while the N

process is still on the process queue (see Section 8.4 ).

The WHILE <event exp> phrase specifies a cancellation f
criterion based on an event condition. For any process,

cyclic or non-cyclic, the following is true. If the

value of <event exp> is FALSE at the time of execution

of the SCHEDULE statement, then the process is never o
placed in the process queue. If not, then “&vent exp> cT
is evaluated at every "evert change p01nt" until its o =
value'becomes FALSE. At this time a CANCEL command is ' 151
issued if the process is still on the process queue (See

Section 8.4).

The UNTIL <gvent exp> phrase also specifies a cancella-

tion criterion based on an event condition. However, it
~differs fundamentally from the WHILE <event exp> phrase

in that it always allows at least one cycle of a cyclic

process to be executed. Consistent with this, the phrase

has no meaning and therefore no =ffect in the case of a s
non-cyclic proceas. For a cyclic process, the value of -
the <event exp> is evaluated at every "event change p01nt"

from the time of execution of the SCHEDULE statement. l 151 .

If <event exp> becomes TRUE prior to the end.of the first
cycle, a CANCEL command is issued at the end of the first
cycle. Otherwise if <event exp> becomes TRUE while the
process is still on the process, queue, a CANCEL command 151
is 1ssued at that time. (see Sectlon 8.4 ). w
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8.4 The CANCEL Statement.

i Cancellation of a process may be the result of the
enforcement of a cancellation criterion in the SCHEDULE
statement which created the process, or alternatively .may
be the result of executing a CANCEL statement. 0

- SYNTAX: P

"1

©

CANCEL statsment >

example:
- ) FINISHING: CANCEL ETA, NU;

SEMANTIC RULES:

CANCEL <label> causes cancellation of the proceés <label>.

£y

Gy

e

+. 106 1. .
A run time erroxr resultf if the process queue contains no
151 process with that name.®  The CANCEL:-statement can be used
. to cancel any number of processes sjmultaneously:
106 "

2. If the CANCEL statement has no <label>, cancellation

-of the process executing the CANCEL statement is implied.

[ 151
G
] €
‘ S
’ @ 1 the default action taken by the Error Recovery Executive
reoo for this and other similar errors-may be to ignore the
. error. .
kil
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If at the time of execution of the CANCEL statement, a
process to be cancelled-has nct-  yet been initiated, then
the process is merely removed from the process queue.
This applies to both cyclic and non-cyclic processes. =

If at the time of execution of the CANCEL statement a

process to be cancelled has already been initiated, then

the following ensues: If the process is non-cyclic

and it has alreadv been 1n1t1ated, the CANCEL statement

has no effect, if the process is cyclic, then the’

process "is removed from the process queue at the end cf the
current cycle of execution. P ‘ 51
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8.5 The TERMINATE Statement. ‘
The termination of a process results in the immediate ,
cessation of execution of the process, TERMINATE's of depen-
dents, and removal from the process queue. The TERMINATE
151 statement is used to direct the RTE to terminate specified
processes or the process issuing the TERMINATE.

SYNTAX:

L

TERMINATE statement

£ g

s e R
it l
fI ——17

o

[ > ] \‘ TERMINATE }
N example: 7

o : : STOP: TERMINATE SLPHA, BETA;

O
NS

e aanaan

- ' SEMANTIC RULES:

1. TERMINATE <label> causes termination of the process
<label>. A run time error results if a process of that
~> name 1s not in the process queue, or if it is not a
dependent son of the process currently executing the
4 TERMINATE statement. The TERMINATE statement can be used
‘ . to terminate any number of processes simultaneously.

2. If the TERMINATE statement has no <label>, termination of

the process currently executing the TERMINATE statement
! s 1s implied. K B

1 subject of course to implementation dependent safety
& constraints.
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8.6 The WAIT Statement.

The WAIT statement allows. the user to cause the RTE

< l 3 E 3 i n H

SYNTAX: ' : ®

WAIT statement

basic
<stmmont > : D

(e ar&h exp _-—_“»

FOR DEPENDENT »_.@._

event exp

“—(UNT@-— ith exp j—

NOW: WAIT UNTIL T +7.5;

f
{

example:

SEMANTIC RULES:

1. The WAIT <arith exp> version specifies that the process
executing the WAIT statement is to be placed in the stall
state for an RTE-clock duration fixed by the value of
the expression. <arith exp> is an unarrayea\integerq
scalar or fixed expression evaluated once -at ‘the time of 1147
execution of the WAIT statement. If the valu¢ is not
greater than zero, the WAIT statement has no éffect.

2. The WAIT UNTIL <arith exp> version specifies that the
process executing the WAIT statement is to be placed in
the stall state until an RTE-clock time fixed by the
value of the expression. <arith exp> is an unarrayed
integer, scalar or fixed expression evaluated oncetat the l 147
time of execution of the WAIT statement. If the value
is not greater than the current RTE-clock time, the WAIT
statement has no effect.

i
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The WAIT FOR DEPENDENT version specifies that the process
executing the WAIT statement is to be placed in the stall
state until all its dependent sons have terminated. If
there are no such processes, the WAIT statement has no

effect.

The WAIT FOR <event exp> version specifies that the pro-
cess executing the WAIT statement is to be placed in the
stall state until an event condition is satisfied. Start-
ing from the time of execution of the WAIT statement,

the <event exp> is evaluated at every "event change point"
until its value becomes TRUE, whereupon the process is
returned to the READY state. If the value of <event exp>
is TRUE upon execution of the WAIT statement, then the
statement has no effect. 0

Q
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8.7 The DPDATE PRIORITY Statement‘. '

i N

.

! ’g The SCHEDULE statement which creates a process can

5 : also specify the priority of its initiation. At any time

' between the scheduling and the termination of the process,

that priority may be changed by means. of the UPDATE PRIORITY

3 statement. <

, - SYNTAX: . ;

9 7 -
: = }

. é
r i - ) ) Ji o
i i " B

. ) UPDATE PRIORITY itatement -

| - (UpoaTe PRIORITY ) @—- arith exp—-@— 1
| - \ )
- L&.J \

1

i

|

i

exampie. ) 1
UPDATE PRIORITY GAMMA TGO PRIO +10; : i

4

1

i

Do ot
TS

i ‘ ' SEMANTIC RULES:

e “ ' 1. UPDATE PRIORITY <label> is used Lo change the priority :
i L of the process with name <label>. The new priority is
[ A T given by the value of <arith exp>. <arith exp> is an
‘ ' unarrayed integer or scalar expression whose value must
i ' be consistent with the priority numbering scheme set up
3 for any implementation, otherwise a run time error results.
’ Scalar values are rounded to the nearest integral value.
A run time error results if there is no process with name
. <label> in the process queue.

n
.

: UPDATE PRIORITY with no <label> specification is used to
i change the priority of the process executing the UPDATE
: ) - PRIORITY statement. <arith expr has the same meaning as
4 before.: ‘ :

8-13
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C 8.8 Event Control

; a
i ; ‘ 5

o Although a formal specxflcatlon of events and event o
S - . /) expressions has already been given in Sections 4 and 6.3, the

: ) // Specification has not yet made their purpose clear in the con-
Moo y text of real time programming. Superficially event variables
‘ are closely akin to boolean variables in that they are binary-
Ly : valued. Conceptually the two forms of HAL/S events (latched
t and unlatched) may be thought of as the software counterparts

of hardware discretes and t1m1ng llnes, respectlvely.
® a latched event may be thought of as a boolean system

state which may be SET or RESET by appropriate actions,
or momentarlly ch anged for signalling purposes.

an unlatched event may be thought of as the software -
counterpart of a timing line which is used purely for//
signalling - it is normally FALSE but becomes -TRUE -
momentarily when a signal actlon is executed.

. This analogy is no accident, since event varlables can’actually

i ; form the interface between HAL/S software and suZh hardware

! . control signals. The design and operation of this interface
is implementation dependent.

o

R e L

At any instant of time the RTE may be viewed as having a

knowledge of all existing events.

Whenever the value of an

‘. event changes, the RTE senses this so-called "event change
point", and may in response perform the evaluation of certain”’
: <event exp>s. Depending on the results of the evaluations, the
o ‘states of one or more processes may be changed This response
’ ‘ of the RTE to changes in event variables is termed an "event
action". The value of an event variable can change .in response
to the enVlronment external to the HAL/S software; dependlng
upon the type of event (see SEMANTIC RULES), a SET, RESET, or
SIGNAL statement may also be.-dsed to alter the state of an event
variable. The only event cliange actions possible are to ready
or cancel one Or more process., : ﬂ

, § y

SET,SIGNAL and RESET statements

A & basic )
8 \, statement

SET .

SIGNAL
RESET

| event var

ARG A 1 e

’ ex;mpla:
SIGNAL "10TA}

oo
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g GENERAL SEMANTIC RULE: - ;
§ 2' | 1. <event var> denotes any unarrayed event variable, subscrlpted
; j or unsubscripted. ,
. N

| , SEMANTIC RULES (latched <event var>s}:

E‘ . B (\‘/:)
‘ ; - 1. SET cthanges the value of,the <event var> to TRUE and-initiates
L all event actions depending upon the TRUE state of this event.
} : No action is taken if the <event var> is already TRUE,

- . 2.° RESET changes the value of the <event var> to FALSE and ini=-
tiates all event actions depending upon the FALSE state
_this event. No action is taken if the <event var> is already
, FALSE. <7
3. . SIGNAL does not change the state of a latched event.
4., If a latched event is TRUE, SIGNAL initiates all event actions
depending upon the FALSE state of this event.

5. If a latched event is FALSE, SIGNAL 1n1t1ates all event,
. actions, depending upon the TRUE state of this évent.

SEMANTIC RULES (unlatched <event varss):

O

\
’ .

] . . 1. SET and RESET are illegal for unlatched <event var>s.

] ; ‘ ) O

, , , 2. When used in a <bit expression>, an unlatched. °vent variable.
i . {( is equivalent to a literal "FALSE".

3. SIGNAL initiates all event actions depending upon the TRUE

state of this event. Note that when an event expression

: depends upon a logical product of multiple <event var>s,

4 . at most one such <event var> can be unlatched if the event
action is ever to be taken. ;

1
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SUMMARY:
= ,
SET « RESET SIGNAL
) Take all evernt
unlatched event *illegal illegal actions depending
‘ on TRUE state of
: . <event var>
' {:\ l : &
; old 1. Set event state "\ Take all event
i value |E© TRUE - actions depending
. latched is . no action on TRUE state of
i event ;ALSB 2. Take all event <event var>
4 actions Qepending
; on TRUE state of 5
y <event var> N
¥ ,
& -
old 1. Set event Take all event
value’ ) state to FALSE actions depending
latcted is no action on FALSE state of |
even TRUE 2. Take all <event var> i
' event actions : |
depending on i ;
FALSE state of ‘ {
<ever.t var> ;
3
: A\
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8.9 Process-events, o

N\ _
Every program or: task block” has associated with it

a "process-event" of the same name. This process-event behaves

in every way like a latched event excgépt that it may not

appear in SET, RESET or SIGNAL statements. Its purpose is

to indicate thp existence of its associated program or task

process. If a process of the same name as the process-event

exists in the process queue, the value of the process-event

is TRUE, otherwise it is FALSE.
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810 Data Sharing and the UPDATE Block

' /The UPDATE block ‘provides a controlled environmeht
for=the use of data variables which are shared by two or more
processes. If controlled sharing of certain variables-is
desxred,«they must possess the LOCK(N) attribute, where N .
indicates the "lock group" of the variable (see Section 4.5).
LOCKed variables may only be used inside UPDATE blocks. A
LOCKed variable appearing inside an UPDATE hlock is said to
be "changed" within the block if it appears in one or more
statements which may change its value (the left-hand side
of an assignment for example). It is said to be "accessed”
if it only appears in contexts other than the above*y

x
A formal specification of the UPDATE block appears in
Section 3.4. The manner of operation of an UPDATE block is
implementation dependent, but“is-such as. to prov1de certain
safety measures.

OPERATIONAL RULES: : . oo

1. If two processes both requlre variables from the same
lock group,to be changed, then the first process entering
~its UPDATE block must complete execution of the block before
the other process can enter its own UPDATE block. The
second process is placed in a stall ‘state for the duration.

2. If oné process entering an UPDATE block requires a

variable(s) with the attribute LOCK(*) to be changed, . I 124

then the situation is eqqlvalent to one in which the
process requxres use of a variablé from every lock group.

3. If only one of the processes requires a variable of a
lock group to be changed, the other merely requiring it
to be accessed, then dependlng on the 1mplementat10n,
either Rule 1 or 2 holds, or some overlap in execution
of the two processes' UPDATE blocks is allowed. The
nature of such overlap must be such as to provide
exclusive use of the lock group by the process requiring
its change between the point where the variable is changed
and the close of the UPDATE block.

4, If both processes only require a variable of the same lock
group accessed, then ewecutlon of the two processes' UPDATE

block may be allowed to overlap dependlng upon 1mplementatlon

5. 1If there are several simultaneous confllctswin u51ng
shared variables because of ‘the participation of mbre
than two processes, or more than one lock group, then
the most restrictive of Rules 1 through 4 requ1red is
applied to resolve the conflicts.

i«
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9. ERROR RECOVERY”AND CONTROL™ )

it ’_// o @

ﬁ ; R { . A //

; = References to so-called 'run time Stnars/ have been -

i 2 B made elsewhere in this Specification. Such errors arise at

) ,r\ execution time through the cccurrence of abnormal hardware
g N\ or system software conditions. Each HAL/S implementation
\ possesses a unigue collection of such errors. The errors
) in the collection are said to be "system~defined”. 1In any
. -~ 1mplementatlon every possible system-defined error is assigned
) a unique "error code". In addition, a number of other legal

2 error codes not assigned to system-defined errors may exist.

. These can be used by the HAL programmer to create "user-
defined" errors. All run time errors, both system- and user-
defined, are classified into "error groups". The error code
for an error consists of two positive integer numbers, the
first representing the error group to which it belongs, and "
the second uniquely’ identifying it within its group. The
method of classification is implementation dependent.

At run time an Error Recovery Executive (ERE)- senses

. errors, both system-defined and user-defined, and determines
: what ccurse of action to take. For every error group, a

: (- : standard system recovery action ‘is“defined which the ERE will

: : take unless error recovery has been otherwise directed by the

user. Depending on the error and the implementation, the

standard svstem recovery action may be to. terminate execution

abnormally, to execute a fix-up routine and continue, or to
1gnoré”the error.

. In a real time p> ogrammlng context, every pro»ess in
’ L . the process queue has a separate, independent "error environ<
( .ment': whlch”ls‘contlnuous from the time of initiation of
¥ o £he process to the time of its termination. At any instant
{ ' of time the "error environment" of acproce§s is the totality
w of error recovery actions in force at thaf time for all
possible errors. At . the time of initiatidn of the 3

process, the standard system recovery action is in force for

all grrors. (

% , , . HAL/S possesses *two error recovery and control state-
MU ments. The ON ERROR statement is used to modify the error o
. environment of a process at any time during its life. The }
. 5 SEND ERROR statement is used for the two-fold purpose of ,}

Ly i creating user-defined error occurrerces, and simulating system-
E defined error occurrences. : E

. h . e
il i {
>

I
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9.1 The ON ERROR Statement. | )

‘ The error environmehi upon entry to a code bldcﬁ?(other
than PROGRAM or TASK) is unchanged from that of the previous
statement executed. If acode block changes the error environ-

ment, the entry environment is restored upon exit from t@e code
block. : ° ’

environment ‘prevailing at the time of its execution. It

can change the error recovery action for one selected v !
error code, foyione selected error group, or for all .
greéaps simultanidously. There are two basic forms of

the”statement: ON ERROR and OFF ERROR.
"> If an ON ERROR with a given specification is executed in %
a particular code block, then the modified recovery action :
remains in force until one of three things happen:

Y

'l - U The ON ERROR statement is used to change the error
3\

- Y e 2 L |
® the modificatign is removed by execution of an

] OFF ERROR with ‘the same error épecification, the

: : recovery action thereupon reverting to that in .
force on entry into the code block. L A

fedi

® the modification is autvmatically removed by exit

from the code block.

a
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SEMANTIC RULES: ¢ o )

1.

©

e
Lz

The ON ERROR statoment consists of two parts. a
specification of an error action to be taken by the
ERE, preceded by an <error spec> specifying.the’
error number, error group Or-groups$ ‘to which the
action is to apply.

There are three forms of <error spec>, for specifying o
either all error groups, or a selected errxror group, ’
or a selected error code. .

® The form of <error spec> without subscript is
used to specify all error groups.

D

® The subscript construct <number> with optional
following colon is used to specify a selected
<error group>. The value of <number> is restricted
to the set of error group numbers defined for a
particular implementation. :
B j

® The subscript construct <number>: <number> is used
to specify a selécted error code. The leftmost
<number> designates the error group number; the |
rightmost <number> the selected error number within :
the group. Values are restricted to the set of , , )
error codes defined for a particular xmplementatlon. .
The form ON ERROR .... specifies the modification of ; o
the erxror recovery actions for the given <error spec>. B T
OFF ERROR .... specifies the removal of a modification
previously activated in the same name scope for *the
same <errorispec>. If no such modification ex1sts, b
the OFF ERR\R is effectively a no-operation. L ;

The presence of the IGNORE clause specifies that in the
event of occurrence of a specified error, the ERE is :
to take no action other than:allow execution to proceed
as if the error had not occured. The IGNORE actlon may
not be permltted for certain errors. ;

The presence of the SYSTEM clause specifies that in the
event of the occurrence of a specified error, the ERE
is to take the standard system recovery action.

i i
{1
I
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f 6. The form ON ERPOR ... <statement> specifies that o

<statement> is to be executed on the occurrence of a- -y

specified error. <statement> may optionally be ‘ \ Y e

labelled. However, such labels may only be referenced !

, by EXIT or REPEAT statements within the (compound) , . 129 .
) <statement> thus labelled. After execution of <statement>, ‘

& “ execution normally restarts from the executable statement

following the ON ERROR statement. Execution of <statement>
itself may of course modify this.

7: It is important to note that the form ON ERROR ....
<statement> is itself a <statement> while other forms
y of ON ERROR are <basic statement>s. The forix ON ERROR ...
! <statement> may therefore not be the true part of an
IF...T@?N...ELSE statement. . =

8. If an ON ERROR possesses a SYSTEM or IGNORE clause,
it may also possess an additional SIGNAL, SET, or 3
RESET clause. The purpose is to cause the value of ° 7
an <event var> to be changed on the occurrence of a
specified error. Its semantic¢ rules are the same
as those described for the corresponding SIGNAL, SET
and RESET statements in Section 8.8. Note that if
<event var> contains a subscript expression, then that
expression will be evaluated at the time of execution

of the ON ERROR statement, not on the occurrence of the
error.

PRUPTPPE
i ok Lo b S

SRS

//
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PRECEDENCE RULE:

1. An ON ERROR executed within a code block always &otallj 152
F supersedes an ON ERROX executed hefore entering the code i
° block.’ -
\\ Q
2: .

Within a code block the action specified by an ON ERROR
is only superseded by another if the two <error spec>s
“are of identical form. Similarly an OFF ERROR nullifies
5 the effect of a previous ON ERROR only if the two <error
spec>s are of identical form. However, different forms
of <error spec> may involve the same error group or error
code. It is logically possible for up to three ON ERRORS,
each with a different form of <error spec> as described
in Rule 2 above, to be active simultaneously and involve
the same error code, The ON ERROR precedence order for B

3 . determining the recovery action in the event of an error,
: : . occurrence is as follows:

AT PR | T S




4 )
B
k4
A
-
.
i
N
o

&

all groups

selected group

selected error

code

{2number> :} 2
<number> | '

<number>: <number> 3

. <error spec> f =
Error subscript A
Specification construct 9] Precedence
, - .
0 LAST

o
e
nRaOmM i
PIRST e 2
o
-

s
p—

.
-
it
i ;o
-
Y
i b
3 3

w

;,

b

¥

|

o

i
i
i
i
:
i

| R TN



§
g

9.2 The SEND ERROR Statement.

The SEND ERROR statement is used to announce a selected
error condition to the ERE. If the error selected is 'system-

~defined' then in effect that error is being simulated.

SYNTAX:

SEND ERROR sutsment

exam

SEND ERROR

ple: .
SEND ERROR 15; v

SEMANTIC RULES:

1. <number> : <number> is a subscript construct consisting
of two unsigned integer litgrals. The leftmost <number>
designates the error group/to which the selected errcr

- rondition belongs. The rightmost number denotes the

- error number within the designated group. Values are
restricted to the set of error codes defined for a
particular implementation. If the error code corresponds
to a system-defined error, then that error is simulated
by the ERE. Simulation of certain system-defined errors
may not be permltted ”

2. The action taken by the ERE after' announcement of the
selected error condition is dictated.by the error
environment prevailing at the time of execution of
the SEND ERROR statement.
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10. INPUT/OUTPUT STATEMENTS o

3
oow

The HAL/S language provides for two forms of I/0:
sequential I/0 with conversion to and from an external
character string representatlon. and random-access record-

oriented I/0.:"

. All HAL/S I/0 is directed to one of a numbex of
input/output "channels". These channels are the means used "I
to interface HAL/S software with external devices in a run =
time environment. 1In any implementation each channel is
assigned a uniq%e unsigrnied integer identification number. o

The input/output. statements described in this Section
are intentionally general-purpose. They prov1de a basic
support facility for applications programming on 'the Shuttle
project. Spec1a11zed hardware-oriented I/0 commands may
be created via features of the HAL/S Systems Language,
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1.1 Sequential 1/0 Statements. q\

|

All sequential I/O in HAL/S is to or from character-
oriented files. HAL/S pictures these files as consisting of
lines of character cata similar to a series of prlnted lines
or punched cards. AR "unpaged" file simply consists of an
unbroken series of such lines. In a "paged" file the lines
are blocked into pages, each a fixed, implementation depend-
ent number of lines in length. The choice of paged or =
unpaged file organization for each sequential I/0 channel ls
specified in an implementation dependent manner.

HAL/S pictures the physical device as moving across
the file a read or write "device mechanism" which actually
performs the data transfer. The device mechanlsm has at
every instant a definite column and line position on the \11e.
The action of transmitting one character to or from the file
is followed by the positioning of the device mechanism to
the next column on the same line, When the end of the line
is reached the device mechaniem moves on to the first
(leftmost) column of the next line.

“?\ The HAL/S sequential I/0 statements are the READ,
READALL, and WRITE statements. Within these statements ;/O
control functions can be used to cause explicit positioning

of the device mechanism on the file.

16-2
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10.1.1 The R\.:Av and READALL Statements . SR
"('\ s -The sequentlal 1nput ‘'of data is accompllshed in HAL/S
. by employing either a READ or a READALL statement. -The choice
depends upon- the format of -the character input and the conver-
51ons (if any) which are to be performed™
i A READALL statement is used/yborevenznrbltrary character
’ strlng images are to be input Wﬁfﬁxvt conversion: otherwise READ -
is used. - : ¥
f#%\\v SR <£ormat list>s may be used with READ statements when data
RN, 1is not in a standard external format, e.g. if two numbers are
TS -flocatad in consecutlve columns without separatlon._
v o ,'»i'J'J i &
i H{S)(ntax, :
r - ,7/ , Y p
. ‘ : READ AND READALL STATEMENTS
o / basic '
‘ statement
arith exp |
’ i
24 |
1145
i 1 > ,
) ! _variable
. | — 20
i ' ) i/o
- ‘ : control
67
format
list
. 82
§\ : : Q@ ’ 5 Sis . B
) © example: READ(5) VAR,(Y,2) IN 'F5.2" ,DELTA,; .
U ' ! ' '
N : =
= s GENERAL SEMANTIC RULES: i

l. <arith exp> is an,unarrayed scalar or integer arithmetic’
expression. The value is treated as an 1nteger- scalar
“values are rounded to the nearest vinteger prior to use.
The value must represent a legal I/0 channel nunmber.

2

2. <i/o’control> is any legal I/O control functlon used to
p051t10n ‘the dev1ce mechdalsm explicitly.

29
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3. Unless overridden by éxplxcxt <i/o control> or <format llst>,
the device mechanism is automatically moved to the leftmost
column pos;:xon and advanced to the next line prior to reading
the first <variable>. A SKIP, LINE, or PAGE before the first
<variable> overrides the automatac line advancement. A, )

TAE or COLUMN overrxdes the automatic column pOSltlinng.

4. An unexpected end of file reached dur;ng the read;ng o; =
data from thg input file causes'a runtime error.

5. <variable>'s are read in order. Each <var1able> s subbcrlpt

is evaluated just prior to its input. ~

SEMANTIC RULES (READALL Version):
py
1. <vat1able> ‘may be any character or structure variable
.¥in an assignment context. This specifically excludés °
xnput parameters of functions and procedures. If<it
is of structure type, all the terminals of the template
it references must be of character type. In this cas
also no nested structure template references are allowea ’ - 7

o

2. Jf <variable> is an array or structure each element i
thereof is filled seguentially in its "natural sequence".

3. Data is read from the input file character by character

i from left to rzght, each <variable> element bexng filled
in turn. Filling of an element is completed either when
the end- of a line on the file 4is reached, or when the
element has reached its declared maximum 1ength which-
ever happens sooner, °© .

4. <format list> may not be used with READALL.

5, o ’ =
i .

R .
SEMANTIC RULES (READ Version): o N
1. <var1able> is any variable which may be used in an aSSlgnment
context. This specifically excludes input parameters of
functions and procedures,

2. If <var1able> is a vector or makrix, or an array or structure,
each element thereof is filled sequentfaxly in its "natural
sequence", - , 3

3. When read;ng data specified in a format list the device
mechanism is positioned by the format list . All the
characters in the field determined by the format axe
transmitted ang converted to the'lnternal HAL/S data type.
If the width of the Spﬁ:l&ledafleld is greater than the
number of characters rgmalnlng on the line, an 1mplementa-
tion dependent mechanmsm>xs invoked. o
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6.

. transmitted and an error sent whenever the field being
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In the absence of a <format list>, the device mechanism
(subject to <i/o control>») scans the input file left to right,.

separated by commas, semicolons oxr blanks. Each field found
is in turn transmitted and converted from its standard exter-
nal format to an appropriate HAL/S data value. Fields may
fiot cross line boundaries except when reading charactexr

strings. ’

from line to line, looking iy fields of contiguous chanactars\\m
@

When not under control of a <format list>, a semicolon field
separator encountered during a normal sequential scan to
£ill a variable element terminates the READ statement as

follows: .
Vi

* The current}gariable element is left unchanged;
/ x:;c . N )
e All remainiﬁﬁyivariable>s in the statement are unchanged;

¢ All remaining control functions in the statement are
ignored.

<i/o control> functions can force the device mechanism over
the semicolon without causing early termination.

When not under control of a <format list>, a null field is
transmitted whenever a comma or a semicolon is Qetected when
data is expected. This occuxs when a comma ox semicolon is:

¢ precéded by a comma or semicolon;

e preceded by c¢4e or more blanks following the last comma
or semicolon. e

When undexr control of a <format“list>, a null field is
read is entirely blank.

A null field causes the corresponding variable element to
remain unchanged following transmission.

For READ, statgments, fields must either be read using’

<format /LI8t> or else they must appear in a standard

external format. A list of standard external formats is

given in Appendix E. A type mismatch causeS a runtime error. '
. o ’
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10.1.2 The WRITE Statement %
0 i

The sequential output of data is accomplished in HAL/S {

by employing the WRITE statement. 73

<format list>s may be used to output data in non-standard

O
form. |
SYNTAX: Bo° . o {
| . i

: : WRITE STATEMENT ’z
basic . )E Z 3
statement /. , o
I s : ’ ¢ P
R ! |
. | . i
s ! |
= arith exp
| g LT
| |
AR e
i t,
Lo | |
S o
i ‘: \',‘f‘f
; expression !
23 ;
| q0 L4 %
? control i
- 67 s
format |/ i
: list "
- : 82
| , !
WRITE (6) 'ANS =' ||a3B, sKIP(2);
SEMANTIC RULES:
1. <arith exp> is an unarrayed scalar or integer arithmetic
expression. The value is treated as an integer: scalar
values are rounded to the nearest integer prior to use. I iy
The value must represent a legal I/0 channel number, ’
2. <i/o control> is any legal I/O control function used to e
'~ position the device mechanilim explicitly. o
3. There are no semantic restfictions on <expression>. j
4., If <expression> is of vector or matrix fype, or is an-array
or structure, then each element thereof is transmitted se-
qguentially in its "natural sequence".
10-6
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© 5. Unless overridden by explicit <i/o control> ora
<format list>, the device mechanism is autqratically
moved to the leftmost column position and advanced to
the next line prior to transmitting the first <expression>.
A SKIP, LINE, or PAGE <i/o control> before the first
<expression> overrides the automati¢ line advancement.
A TAB or COLUMN <i/o control> overrides the automatic
column.positioning, e .

A 6. ,Each <expression> in turn is converted to its standard
\ = external format before being transmitted to the output

file. A list of standard external formats is given in .,
Appendix E. : 7 .
v . s
7. <format list>s may specify additional <expression>s to be
transmitted in non-standard formats. ’

Example: =
Output INTEGERS K1 and K2+K3 in columns 1-5 and 6-10,
o respectively:
S b,
WRITE (6) (K1, K2+K3) IN '2I5';

8. When not under control of a <format Iisi>, the deavice
mechanism is moved to the right by an implementdtion de-
pendent number of columns between the transmission of two
consecutive elements. If a TAB 92-COLUMN <i/o control>

. Separates two consecutive {expression>s then this over-
rides the automatic movement between transmission of the
last element of the first <expression> and the first element

of the segond é%kpression>.
= & : !

9. When a line has been filled to the point where the next
ddnverted output field will not £it in the remaining columns,
a wrap-around condition occurs. The actions taken in such a
case are implementation dependent,

10-7
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10.1.3 | 1/0 Cont?ot Funotions.

. An I/0 control furiction 1s introduced into a READ,
READALL, or WRITE statement tc cause explicit movement of the
devxce/mechanxsm. Note that the interpretation of each I/O

g controf ‘function differs depending upon whether the file is
paged or unpaged.

!t . SYNTAX:

COLUMN —=i~ ,
SKiP b—@— arithexp —-@-—

P | - LINE ; o

oy

example: : N
COLUMN (i1+2) ? a

NS

g o

SEMANTIC RULES:

1. <arith exp> is an unarrayed scalar or integer arithmetic
expression specifying a value to the control function.
The value is treated as an 1nteger- scalar values are
rounded to the nearest integer prior to use. 1In they
fol%owxng rules, let the value of <arith exp> be denoted
by

_ 2. TAB (K) speclfles/relatlve movement of the device mech-

- R anism across the current line by K character positions
S (columns). Motion is to the right (increasing column

_ . index) if K is p051b1ve, to the left if K is negative.

& ~, »- Pos$itioning to negative or zero column index values, or
o v ' to a positive index g bater than an implementation depen-
: . ' dent maximum.causes a cun time error.

9
I T

10-8
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COLUMN (K) sgecifies absolute movement of the device
mechanism to column K of the current line. Values of
K may range from 1 to an implementation dependent maxi-
mum value. Column indices outside the legltz.mate range
cause run time errors. )
SKIP (K) specifies line movement relative to the current
line of the file. A positive valze of K will cause for-
ward movement. Subject to implem ntation and hardware

restrictions, backward movement is indicated by a negative

value of K. Error conditions will be indicated if a
skip cauves movement past either erd of the file, or
movemcnt:din violation of ‘any implementation restriction
on the‘direetlon of the skip.
wl
LINE (K) specifies line movement to a specified line
number, K. Two interpretations occur depending upon .
whether the_ file is paged or unpaged.
® Paged files - LINE (K) advances the file uncondition-
= ally., K may not be less than 1 or greater than the
“implementation and hardware dependent number of lines
per page, otherwise an error condition will be indi-
cated. TIf K is not less than the current line number,
the new print position is on the current page; if K
is less than the current line number, the device
mechanism is advanced to line K of the next page.

4 Unpaged files - LINE (K) p051t10ns the device mechan-
ism at some:absolute line number in the file. On -
input K must be greater than zero, but not greater
than the total number of lines in the file. On output,
K must merely be greater than zero. 1In either case, °
values outside the indicated ranges cause run time
errors. Depending on the implementation, values of '
K causing backwards movement may be lllegal. ; e

G

PAGE (K) is only applicable to paged files and specmfles
page movement relative to the current page. If:K isy¥
positive the movement is forward, towards the end of
file. Depending upon the 1mplementat10n, negat ‘wve page
values may or may not é leﬂdl. The line value relative
to the beginning of thq page remains unchanged.

0
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10.1.4 FORMAT Lists N

FORMAT lists present‘L powerful way to perfcrm I/0 opera-
tions with complete explicit control of all.conversion and lay-
out func:tions.

SYNTAX:

0

FORMAT LISTS s,
variable ; )

expression

23 < format character |
g expression

83
variable
D
20 -
<) @

... expression . e
5] . }\}
23 ’i 5/\7/

‘ @ examples: (A, B,C) IN'F&:2' || IN: FORM

)) D IN'E15.6' i

R~

sx%xé RULES :

l. A <format list> used with a READ may only conta1n<var1ab1e>' 2

-not <expression»>'s,

2. <format character expression> is any character expression.
A runtlme check is made for 1ega11ty.

3. All variables in the <format character .expression> are
evaluated/before any I1/0 takes place 1nvolv1ng the FORMAT
1ist, «

4. Each <expxe551on> or <variable> is handled accordlng to
< format character expression®», - If the <expression> or
<variable> represents ‘an aggregate of £elements, then each
element is handled sequentially in its/ naturual sequence.

Example: pECLARE V VECTOR INITIAL(2.12, 3.4, -7), ,
. F CHARACTER(]16) INITIAL('F4.2, F5.1, F4.1');
then: g

WRITE(6) V IN F

| 2.12BK3.4-7.0
produces:

column ! 5 10

10-10
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10.1.4.1 FORMAT Character Expressions. e
FORMAT character expressions determine ho items in FORMAT lists are °
{ cead or written. N M/ © . /

i SYNTAX:

format
character
\expression

format -
item

g i ey

\

format
character
expressioqj

83

145

I\

example: F4, 3E10.2 // 5(X4,A6/)

I L

el

SEMANTIC RULES.

1. <numbex>must be an unsigned, non-negatlve integer.

2. Each item input or output is handled according to a pa/ ticular’
° format item. If <number> -precedes a format item, it is S inter-
preted as if <Qumber> copies of the format item had been writ-
ten. If <number> precedes a pdrenthesized <format character
expression> , it is 1nterpreted as if <numbers *oples of the
<format character expression> had been written.

3. Each invocation of a READ or WRITE statement contalnlng a
i <format list> interprets the <format character expressions>
? starting from the beglnnlng.

N 4. If the <format character expression> is exhausted and addi- o
e tional items remain to be input or output, control is returned 4
e to the <format character expression> corresponding to the

S .last closed parenthesis encountered. A preceding <number> is
taken into account if present. If no embedded <format char-
acter string>'s are present, cont\ ol reverts to the beginning.

1 é 5. '/' is 1nterpreted a°;,SKIP(1) ,COL MN(l), .
£ 1e-1 ¢ v

. { o ,o . o . R : ) ]
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6. Consecutive commas/ are ignored. 0 , S

¢ e

Example:

DECLARE ARRAY(20), DIM VECTOR, ANIMAL CHARACTER(15): | ' ;

: . WRITE(6) ('ANIMAL', 'LENGTH', 'WIDTH', 'HEIGHT')
145 IN 'Al5, (A10)';-., - \

DO FOR TEMPORARY I = 1 TO 20;
WRITE(6) (ANIMAL,, DIM;) IN 'Al5, (F10.1)';
END;

produces: ?

ANIMAL LENGTH WIDTYH HEIGHT : N
CENTIPEDE 3.1 .3 .2 ) o
‘ AAIDVARK A2.7 - -12.6 8.2
. d 3 B . & . 2 ' ¢
. N .
, ! . o R . f' ) M
S | ecofumn 15 .0 25 EE
b f =
o'
\\b )
4 {M\t .
] ?
[ i 2 5
4 a “ -
§
?2‘4 ' -
T/—{; .
o ¢ a
- ’ ) )
i 9 10-12 o
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 SYNTAX:
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i “
% / ?
10.1.4.2 FORMAT Items. Each/FORMAT iwit conceptually repre-
sents a single I/0 operation, Coes A ’

FORMAT ITEM - -
- : 5
i}
&
o 3 .
¥ S | formatitem s 7
N . - .
F format item -
86

iy

145

0
:
03
E
|
1
:
3
i
i
! ﬁ
- 1
;
i'
a
i
i
%
1
|
!
o
E

: ‘-l E format item %
j q A format item ]-8—7—7
l ” \._li U format item ‘ 32—)
o . 9 - ,
| ‘ \ P format jtem
NS Tl 91
i \ N format quote string lﬁ-)
q "l?/o control 7
examples: F5.2 ’ 67
0 COLUMN({25)

SEMANTIC RULES:

1. At the beginning of the READ or WRITE statement and after-
processing an item, X format items, guote strings, and 1/0
control are processed until some other format item is reached.

2. The®semantics of <I/O-:control> were defined in Section
10.1.3. 3y, ’ e

3. The following table briefly describes the formats. See
individual items for fuller applications.

A~
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10,1.4.3 I FORMAT Item. I FORMAT items are used for INTEGER
I/O. ’
SYNTAX: J . .
a ‘/(_',‘rf),;f" (“
v | FORMAT ITEM “
'7,'“‘""“5
SEMANTIC RULES:
1. <number> is the length of the field being transmitted.
It is an unsigned positive integer.
2. Implicit INTEGER/SCALAR conversion is allowed
For READ Statementsl:
1. A sign may preceed the input quantity.
2. 1In input data, blanks before a sign or between a sign
and the first digit are allowed. All other positions
must contain digits between 0 and 9, otherwise a runtime
error occurs.
For WRITE Statements: g ~
1. A sign is printed only'if the number is negative.
2. If the number of prlnt positions requlred td represent
0 the quantity isvless than number , leftmost positions
are filled with blanks. If greater than number , a
runtime error is sent and asterisks are printed in place
of the quantity.’
Example: + :
DECLARE A INTEGER TNITIAL (3);
WRITE(6) (A, -2, A-2) IN 'I2'; = ‘ g
{7
- - 's /(
produces: ‘ Iy
E3-2p1 / B
N 15-15 . K"’?f’"‘
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10.124.4 F _and E FORMAT Items. F ,ORMAT items are used for o
decimal quantities. E FORMAT items are used for decimal {“)

quantities written in scientific notation (i.e.,with exponents). -
SYNTAX: ) @
F and E FORMAT ltems
.}, o -
145
&
et
// i )
examples: F9.2 £
E14.3 )
[ i
SEMANTIC RULES: -
- l. The first <number> is the width of the field being transmitted.
The optional second <number> specifies the number of decimal.
platﬁs to the right of the decimal point; if it is omltted,
it 'is assumed to be zero. Each <number>, if present, is an
unsigned positive integer.
“I 2. 1Implicit INTEGER/SCALAR conversion is allowed. ° -
. For READ Statements- f
l. 1Input is an optionally 51gned quantlty. .
2. If an explicit decimal point appears in the input, it overrides “@
: the format; otherwise, de01mal position is implied by the
<format 1tem>. ‘ ’ “ i
Example: READ(5) (A,B,C) IN 'F6.3'; \, 4
interprets: 15,34 as 12.34
- PPBl234 as 1.234
- b.1234 as .1234 .
| iy
10-16 B
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For

/f\\
An exponent may be supplied of the form:

E + <number) !

L

a4
If either E or t is specified, ‘the other may be omitted.

For input quantities, blanks are allowed preceding the sign, the “
first digit, E, +, and the first digit of the exponent. Other
blanks cause a runtime error.
There is no difference between E and F formats in READ statements.
WRITE Statements: ‘
e <) P

For F format items, the string printed is: ‘

-aaaa. bbb

N S —

m n

where n is determined by the second number in the format, and m is —
determined by the magnitude of the quantity to be printed. The minus
sign is printed only if the quantity is negative. If the number of
print positions required to represent the quantity is less than the
field iength, a zero is added to the left of the decimal if no other
digits are present there. Any additional positions are filled with
blanks from the left. S : B
For E format items, the quantity printed is:

-a., bbbE‘i‘CC Q “'u_\‘ ,:‘\\ R

R .

The minus sign is printed only if jthe quantity is negative. One -
significant digit is printed to the left of the decimal point. This
is zero if the quantity = 0. n is taken from the format item,.

If the field length is insufficient, an error is sent and asterisks
are printed in the field. -

«
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10.1.4.5 A Format Items. A format items are nsed foﬁ character

data, D
s YNTAXU: ;J o . Y 0}
o ’ » - | {;
2 A FORMAT ITEM : 1iib
i ) }
|

example: A7 “ -

SEMANTIC RULES: ' ) v
1. -<number> is an uhsigned poszt'vé integer representing the%
field length. -

a -

4]
E)

.Po:nREAQ«Statementsg

1. If the field specified is greater than the declared
length of the varlable, the rightmost characters in the
field are seledted. Otherwise, the length of the CHARACTER
o variable is set to the field length. .

\:.\\

For WRITE Statements:

1. If the fleld length written is greater than the fumber of
characters in the variable, blanks are added to the left,

Otherwise, the leftmost characters are written to f£fill the
field. o

Example:é«

WRITE(6) (PERSON;, HEIGHT;) IN 'Al0, X2, F5.2';

would produce: R A
" BAGLEY 55.67 V
R | ! » y
columps 10 17 ; 7

Note: BIT a(d CHARACTER conversion functions can be used.
with' A format items for I1/0 1nvolv1ng bit varlables. See

Sectlons 6.5.2 and 6.5.3.
' - 10-18
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10.1.4.6 U Format Items. U format items ar® used for integer, ]
Fcalar, and character data I1/0. o . . ;
) .
SYNTAX: 7 ,\ — : s\

\Q : Z ‘

U FORMAT ITEM O :
: . : 4

) U fomat ’tem 2 / —-\0"\\{ " o )
, : G o " ‘

’\ - . el 4 ]
o : J & !

¢ o
eXample: Ulé . , ;!
- ‘ i
=9 \\ 1
.‘ < e :
SEMANTIC RULES:
1. <number> is an unsmgned positive integex representlng the |
Y field w1dth. E Y j
2. The interpretation of the <U format item> depends upon the data “i
type of the ‘associated <variable> or <express;on>. N
- for character strings, U<number> is equivalent to A<number>; %
. oo

- for integers, U<number> 1is equivalent to I<number>; §
- for scalars, U<number> is equivalent to E<number>. <number>-7 i
o v ) ‘! .
g ]
10-19 - “ | | P

| ; :

. i
. o

RGN o o . BT R S ]
Y s e e s s idad e St e DT RPNRI IUNND SRt . - SR+ SIS AR S I U it .




wF T

i~

T

L SRR
i Y

L TRy

]

145

i}
a3

10.1.4.7 X Format Items. X format items are-used to skip
columns on input and output.

SYNTAX :

_‘ X FORMAT ITEM Q
€ : g - = o ) .

e Y7
ey J
— /;/
3 \ _ > .K.ﬂlp?.f X‘
SEMAN11C RULES: . N
] . ‘ N
1. <number> is an unsigned positive integer.w
2.

 The effect is the same as TAB(<number>),.

P
22%/ Example:

READ(5) A in 'X5, I3';

&
" If the input is:
12345678
then A becomes:
y
678. y
Iy
/:
.ﬁ
W
:_« . / . -
) //
10-20
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. 10.1.4.8 FORMAT Quoté Strings. FORMAT quote stri o
o ! used for character output. 4 ' n?s are RES T j
i . Ni i
'« SYNTAX: : ’ ]
R ) . W !
o " FORMAT QUOTE STRING v
b ; o format quote Strin ('/:
: \ Rg}
. 3 195
=7
<
example: "NOTHING IS MORE PRECIOUS THAN INDEPENDENCE AND FREEOM. 8
o :
SEMANTIC RULES: LN
% For READ Statements: ' | ) S 5
<
1. Columns corresponding to FORMAT quote strlngs “are skipped
in READ statements. : -
& :
For WRITE S%Qtements: :
1, A double quote in the text is represented by a pair of
double quotes. > oo
2. <characters> is copied to the output line,
Example : -
“ WRITE (6) ANS IN '"ANSWER = ", I2';
would produce:
ANSWER = 21 - - o
column !
o
a
o o . : . {
/ r10-21 S TR
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? 10.1.4.8 P Format Items. P format items can be employed for
' most types of numeric 1/0: They can be very useful for mixing

character and numeric output data and specifying column align- ~‘)
ment, . , kv
F ) SYNTAX: , R
M P FORMAT ITEM
£
(*)- (s) - )
Y4 Yy < ()
145 |+ o any
- et L )|
except <
7 = s 5-* d ;
S / A G o S i
\ i ﬁ example: P the answer i3 ss.s 3 . QW) ]
s - . / j .\‘}\ v v . K S i
.-) J ;
SEMANTIC' RULES: |

7 ;
1. The P format item runs from the first character following ]
the P to the first ',' or '/' encountered (or the end of

the format character .string).

2. Each set of consecutive '$° s, '.'s, and '*'s defines a
numeric field corresponding to an INTEGER or SCALAR item.
t*' defines the\beglnnlng of an exponent If more than one
', or 'YX is present in a given numeric field, a runtime

error is sent.

3. More than one field is allowed, e.g.
WRITE(6) (NO, ARGL, ARG2, ARG1+3RG2) IN 'P TEST#SS: §. $$*$$s +
$.88x88 = §. $$*$$$'° 5

. ; ; (y‘ For READ Statements:

1. Each field length is the number of *$', '.', and '*' present.
Other characters cause corresponding columns to be skipped. '

-22 . N
10-2 | 7
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A decimal in the input field takes precedenée.
wise, a decimal is placed by the '.', if present

An exponent may be suppli ’4€f the form:
. , , Zﬁ , y

E % <number>

If either E or * is specified, the other méy be omitted.

Blanks are ‘allowed preceding the sign, the first digit,
E, *, and the. first digit 6% the exponent. Other blanks

cause a runtlﬁe error.
Example: )
READ(S)J(X,Y) IN 'PXXX$$.$8XS$':
then if the input is:
01234567890

then X would be set to 345.67 and Y to 90.

r WRITE Statements:

If a quantlty to be printed is smaller than the specified

gfield width, blanks are appended to the left. I

Other-

£ the

Jquantlty to be printed (including '-' if needed) is larger

than the spe01f1ed field width field, a runtime error is sent

and the first is filled with asterisks.

All characters except '$', '*', and ',' are printed.

If°an expdhent is called for, the number takes the form:

-a.bbbEzxcc
o

S

i 9 k N , .
i

enough to hold the exponent.

fel

Example: ©

DECLARE CHARACTER (100), - C
T INITIAL('P TITLEl TITLE2 TITLE3/'),
D INITIAL('P  $$.$%  $$.98  $8.8§/');

WRITE(6) IN T;

WRITE(6) DATA ARRAY IN D; °

1709
10-23

2
- A non-negative quantity priﬁls a blank in place of the "~
sign. The leftmost digit printed will be non-zero unless
the value to be printed is exactly zero. The field widths
i, j, and k are taken from the number of "$" signs in, the-
picture. i must be greater than zero and k must be large
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-would produce

TITLELl

- 98.72

o

OXY el

column

the following tabfe:

TITLE2

TITLE3

43.00

Y
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10.2. Random Acceﬁs 1/0 and the FILE Statement.

0

.., Random access 1/0 is handled bfr means of the FILE
statement. In this access method individual records on a
file Tmay be written, retrieved or updated. A unique "record
address" is used to specify the particular xecord on the
file referencg .

SYNTAX:

FILE statements

= [ " ] variable

arith exp -—@-—

example:

FILE(3,4+2) = ALPHA ; 10 1000°

I

SEMANTIC RULES:

1. The statement is an output FILE statement if <file exp>
is .on the left of the assignment. If <file exp> is on
the right, .thenf(othe statement is an input FILE statement.

10_2 5 kS
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2. <file exp> sQEElfies the random access I/O channel and s
record address to be referenced. <number> is any legal K_)
random access channel number. <arith exp> is any unarrayed

~ integer or scalzﬁ expression. If the expression“is scalar,

E its value is rounded to the nearest 1nteger before use.

- A run time error occurs if its value is not aolegal re%prd\

\ address.

g 3. 2Any record on a random access file may be transmitted by
a FILE statement. 5

} ' 4. In the input FILE statement, <variable> is any variable -
‘ usable in an assignment context. This specifically
excludes input parameters of function and procedure blocks.

~
| Moreover, <variable> is also subject to the following 7
S rules~
k1 o o
f i* 7 No component subscripting for bit and character
f j ® If component subscripting is present, <variable> . .
| i must be subscripted so as to yield a single ' N :
! (unarraysd) element of the <variable>. ’
I
: ® If no component subscripting is present, bdz%z?fay
- B subscripting is, then all arrayness must be subscrlbted
b i i . ) away. z,,
B @ BIT type structure terminals which have the DENSE ' é'i
attribute may not be used, due to packing implications. W .
_ However, an entire structure with the DENSE attribute
may be used.
® If the <variable> is a structure terminal or a *
minor structure node (but not if it is a major
. structure) and if the structure possesses multiple
copies, then the number of copies must be reduced
¢ to one by subscripting.
(’\
| 5. In the output FILE statement, there are no semantiq& _
resfrictions on <expression>. i\
6. Compatibility between data written by an output FILE g )

statement, and later reference to it by an input FILE

statement is assumed. The exact interpretation of compa=-

' tibility is lmplementat(wﬂ dependent. In general, the ' ,

, . FILE statement transmits binary images’of the internal -
data forms, so that compatibility will be guaranteed if _

i “the <expression> of the output FILE statement and the @
<variable>,of the input FILE statement have the same data
type and organization. -

; iy L S
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11. . SYSTEMS LANGUAGE FEATURES *

11.1  INTRODUCTION

The systems language features of HAL/S are described in this
section. The features.presented here are in three sections.
The new Program Organization features are "Inline Function
Blocks" and "$-macros", A data-related feature of this
systems language extension is the concept of "TEMPORARY
variables". The NAME Facility concerns a new concept in

-HAL/S, the addition of NAME variables pointing to data or

blocks of code.

The information contained in this section constitutes

an extension of material presented earlier. Accordingly,
many of the syntax diagrams presented here are

modified versions of earlier diagrams reflecting the
extended features. Such modified diagrams are indicated
by appending the small leter "s" to the diagram number.

11.2  PROGRAM ORGANIZATION FEATURES

The addition of Inline Function Blocks and "$-macros" to
HAL/S extends the information presented in Section 3
concerning program organization. Inline functions are a
modified kind of user function in which invocation is
simultaneous with block definition. . $-macros may be
viewed as a class of special purpose implementation
dependent built-in functions.

4

¥ The title indicates that the usage of these constructs
- 1s more suited to systems programming rzther tkan
applications programming. The programmeriis warned
that unrestrained and indiscriminate)d%é of certain of i

these constructs can lead to software unreliability. »
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11.2.1  Inkine Function Blocks et
° The HAL/S Inline Function Block is a method of -
simultaneously defining and invoking a restricted version
of the ordinary user function construct. Its primary purpose
#is to widen the ut:.llty of the parametric REPLACE statement -
0 described in Section 4.2. Its appearance is generally in the
form of an operand of an expression.
‘ - °  An Inline Function Block, like other blocks, has a new -
154 level of name scoping and error recovery.
i SYNTAX: -
] o arith @ .
o7 {bie '
a i struct
iy . ]
)
; FUNCTION  }=——p s H —_———
' & o fYPps Spec 17 o/ 3
o oS
| }
: s _ ’ = statement e
. it
o= o= o ]  declare group - S J—— closing ‘—-——- i
_ 4 :
11 :
; . ’ . update block —‘J ;
' example: ¢ |
, IF X == Y THEN R = FUNCTION VECTOR;
: DECLARE A,B;
. =3X +¥; ;
; ) = X/¥, G |
o " : RETURN VECTOR(A, B, 0) ; |
. c CLOSE;
_ ) .
////T = 0
/- »
[} .
4 i
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‘ SEMANTIC RULES:

1. tThe syntacdtic form is actually equxvalent to thaﬁ
function block except that: .

o4

{ 3 (.\'2

.
T

"
I

a) The <§inline function> has no label;
b) The <finline function> has no parameters;

! Tooe) The <§inline function> definition becomés an operand
in an expression. .

. /‘
o & ‘j
&
O
it
11-3
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a

0 <functlon bIock> deflnltlons;

0
S

Q

- g : by -

The semantic rules for an <§inline funct10n> block

definition are the same as those for the <function

,I/ck> definition 'described in Section 3. 3, subject
Qg restrictions listed below.’ .
A <Einline funcflon> may'not contain the follow1ng
syntactlcal forms.v~'” o

O! All forms_ of I/O SLatements, L: ' tQ ‘ o
\\ -
® 2all forms of reierence s Je) user—defxned PROCEDURE -
‘and FUNCTION blocks, L.
/ § A D0 e ® : «
¢ Real Tihe statements. o ' 5 : )
A <§inline functlon> may only contain’ one form of
nested block, the <update block> ‘The following

block forms are thus excluded: -
! - <,

Q

(J
s

[ <§rocedure block> definitions; R

0 Further nested <§1n11ne funct10n>s.

In use,, the follow1ng semantlc restriction holds.
<§inline function>s may not appear as operands of

. “
the subscript or exponent expressmons. . {m}
g o
" The <§inline function> falls 1nto one of the follow1ng Q>u -
four® categories:
i S > i
<arith inline> . ' = <type spec> specifies an =
. inline function of an arith-
o r metic data type: SCALAR,
o . FIXED, INTEGER, VECTOR,
, | VECTORF, MATRIX, or MATRIXF.
<bit inline> e - <type spec> specifies an _ N
: - inline function of a bit
.type: BOOLEAN or BIT.
7 C:’
° 11-4
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<char inline> ' ; - <type spec> specifies an
; inline function of the
CHARACTER data type.

<struct inline> \= <type spec> specifies an
' . inline function with a
= . structure type specifica-
. '\ tion.

‘ \
X N
The use 'of inline functions as(cperands of HAL/S

expressions is discussed in Section 11.2.3.

i

11.2.2  $%$-macro Redenreinces
’ )
The HAL/S $—-macro facility provides a means of
adding functional, spec;al-purpose extensions to the
language without requiring syntax changes or extensive

" rewriting of the compiler programs. The details of the

1mplementatlon of any“given t-macro will depend upon

its nature and purpose. Possible options include inline
generation of code or links to an external routine
pexformxng the processmng of the %-macro.

The syntax of the,%-macro reference is presented
in this section. The invocations of $-macro routines in
vaxlous expression or statement con§exts is descrlbed

below in Sections 11.2.3 and 11.2.4. \\
\

J
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%-Macro Statement

writh
bit

struct
typeless

{ % label }

)

N %
Q)
W

SEMANTIC RULES:

1. The §-macro reference falls into one of the folIOW1ng
: five categeories based upon data type: -

¢

® <arith %-macro> is a reference to a §-macro which

147 returns an arithmetic value of INTEGER, SCALAR,
R FIXEB,&@ECTOR VECTORF, MATRIX, or MATRIXF =
data type ‘

® <bit .%-macro> is a reference to a §-macro whlch«
returns a bit string value.

: |
. <char%-macro> is a reference to a §-macro which
{ refurns a value of the CHARACTER data type.
I

® <struct %-macro> is a reference to a §=-macro which
‘ returns a structure data value.

® <typeless %-macro> is a reference to a §-macro
~which performs some systems function but -
returns no value and may only be referenced
from a %-macro call statement . (See Section
.11.2.4 below). | Y

(>3
“

Available $-macros in any implementation will be
¢ provided in the appropriate User's Manual.

) S

2. The <glabel> is a reserved word beglnnlng with the
character "g$" which identifies the $-macro in question.
The character "g" dlstlngulshes g-macro names. from all
other reserved words in the HAL/S language

I
2

11-6
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3. A series of one or more arguments of the %-macro
reference may be supplied. The type, organization
and- number of the arguments supplled to the $=-macro
must be consistent with the requirements of the

L PR rcutine. . ; .
. 4. Details of <%$-macro arg>s will be supplied wath the ;
’ T definition of a ngen $-macro. 117
//Z/; i}
o

A%

11.2,3 o Operand Regerence Invocations ]
’ N
Inline Function Blocks are always invokééﬁat the
point of their definition as operands of <expression>s,
$-macros are also invoked as operands of <expression®s
whe they are of a definite data type and thus return
élue. Similar modifications of several syntax
dlagramSufrom Section 6 add these features to arithmetic,
bit, and character operands, and to structur% expressions.
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SYNTAX OF ARITHMETIC OPERAND:

(4]

srithmatic operand

N

SEMANTIC RULES:

1.

/

1/

This syntax diagram is a systems language extension
of the arithmetic operand diagram in Section 6.1.1.
The semantic rules of Section 6.1.1 apply to this

revised diagram.
4

<arith inline> is an inline function block which has an

arithmetic <type spec> in its header statement..

<arith $-nmacro> is a reference to a §-macro which

re%ggns an arithmetic value (See 11.2.2 above).
Y .
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SYNTAX OF BIT OPERAND:

s
-~

e

bit operand “i’f

bit var

event var

&

bitliteral  }- B ) .

i

normal function

bit conversion - <

bit pseudo-var

bit inline

i

b:.g \gnaé:o

SEMANTIC RULES:

1.  This syntax diagram is a systems language extension
of the bit operand diagram in Section 6.1.2. The
corresponding semantic rules found in Section 6.1.2
also apply to this revised diagram.

2. <bit inline>» is an inline function block‘ﬁhich has a
bit string (BOOLEAN or BIT) <type spec> in its header
statement. .

3. <bit %macro> is a reference to a %$-macro which returns

a value of the BIT or BOOLEAN data types.

£t
@
&
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SYNTAX OF CHARACTER OPERAND:

€

1
\\ |
r—@— Ch.f axp —@
” [
char var”
al
nqrma.l function (J
o - "d ’
char literal /-~
. 0 char eonvmi&n
b3 ¥ =
o char inline
\insiiinnd | FR——
char Smacro

SEMANTIC RULES:
1. This syntax diagram is a systems
of the character operand diagram

The corresponding semantic rules
6.1.3 also apply to this revised

language extension
in Section 6.1.3.
found in Section
diagram.

2. <chaf inline> is an inline function block which has
a CHARACTER <type spec> in its header statement.

3. <char %macro> is a reference to a %-macro which returns .

a value of the CHARACTER data type.:
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SEMANTIC RULES:

@
1.

7

SYNTAX OF STRUCTURE EXPRESSION:

structure expression T
[ et ) ”.
. ls’
N ‘ N
\\\; &
—1 SUUCTUTS VAP, | b
7 -
normal
“we? function !
o4
structure inline
L———-—-—-‘ struct % macro -—-—_—J

=

This syntax diagram is a systems language extension of : J
the structure expression diagram found in Section 6.1.4.

The semantic rules found in Section 6.1.4 also apply to
this revised diagram.

1D

<struct inline> is an’inline function block which has a
structure <type spec> in its header statement.

<struct $macro” is a reference to a %$-macro which returns
a value of a structure data type.

o “

Q

11-11 o

Q) K

s e s B e e s A e




154

S

l-

© 1{
0 g
N "E
, 9 (‘_ } g}
" 11,2.4 The $-Macro Call Statement
The invocaticn of a typeless S-macro is ]
performed by a <8-macro call statement>. 4
-
SYNTAX L %
% MACRO “ O
) 7
example: % SWAP (A, B, C); iy
W

« SEMANTIC RULES: !

The <%-macro call statement> invokes execution of the

typeless $-macro being referencegl)u;w\\ §

i £

2. The effect of this statement is depende?)mt upon the
details of the %-macro being reference)c}‘.
[ 0

A
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b S II.3 Temporary Variables -

o

The extension of HAL/S data concepts to include a
TEMPORARY variable form for use within DO groups is defined
within the systems language facilities. The object of
incorporating the TEMPORARY variable is to increase the
optimization and efficiency of the object code produced by the
: . ~ compiler. Depending upon the details of the object machine, o
) 4 ° a temporary variable might be stored in a CPU reglster or a

high .speed, scratchpad memory location rather than in the
slower main storage. Coding efficiency may also be achieved
with temproary variable because the instructions needed to
access reg;ster or scratchpad memory values are generally more
- compac€ Since the existence of a temporary variablé is
o confined to a DO group (from DO header statement to the END
' statement), these forms become highly localized control variables.

~ If a temporary variable appears in a REENTRANT block,
each process simultaneously executing the block gets its 154
own temporary varlable.

11.3.1 Regufar TEMPORARY vuniab£eA

b Regular TEMPORARY vatlables are declared in TEMPORARY
S statements following the DO statement which. begins a DO, . .END
: ‘ statement group and preceding the first executable statement of
the DO...END statement group. The following dlagram is a
i, Systems language extension of the DO...END statement group
in Section 7.6.

et

11-13

SYNTAX:
'} 4 00...END Suwment Group
. @

. tomy 0 o
| -
i —— : —4 ond r__
d - update block,
: ; V —  [%
. ‘ - I
function block
i !
y K
‘ procedure biock N
;
o
H
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SEMANTIC RULE: . - N . r ;
1.

" The TEMPORARY declaration may be included as part of any

&
o 3
N i
b b
e R

DO group except a DO CASE group. Uje of TEMPORARY s \
variables within nested DO groups og?a DO CASE 1; allowed.

\
4 .

a
wf

A D et i Rt

The TEMPORARY statement°is a spedial purpose data declar-
ation used to create TEMPORARY variables for general use within
the DO grou

syntax as described -above. Its form compares very
closely to ‘that of the DECLARE statement in Section 4.4.
H

SYNTAX: :

i a2

¥

€
o
o
b b
._)..G‘.‘.,Mm_w

b

|

. i

// o
5/ |

i
> ‘

<

1
* SEMANTIC RULES: .
1. 1In the <tempbrary statement>, <attributes> may define
the <identifiers> to be of any data type except EVENT.
147 ‘ 2. <attributes> may onyfé;pecify type, precision, scaling
and arrayness. ¢ i .
' = 0
3. No minsr attrlbute is legal. * o
4.

The name of <1dent1f1er> may not duplicate the name
of another <identifier> in the same name scope

(procedure, function, or other block name) or of another
temporary in the same DO...END group.

11-14
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11.3,2

0 The Loop TEMPORARY variable form is used in the context
of the DO FOR group and is declared by its specification in a
The following two syntax diagrams are modifi~-

DO FOR statement,

Loop TEMPORARY Variables

cations of the discrete DO FOR and the lteratxve DO FOR

syntax diagrams.

[t}

SYNTAX:
Q& . i} ) ‘
o diseress DO FOR with lsep TEMPORARY varishle index
o
statement

Itecative DO FOR with loop TEMPORARY vaciable index

identifier

j{TEMPORARY )—1
4
DO FDR lnlh vn

mlh axp.

o=

0

PR S




SEMANTIC RULES: _

1. All the semantic rules for DO FOR statements which are
given in Section 7.6.4 and 7,6.5 apply as well to the

b - corresponding Loop TEMPORARY forms. Additional rules for

‘ Loop TEMPORARY variables are. given below. @

Q

2. The Loop TEMPORARY variable is defined in the DO FOR
statement; a loop TEMPORARY variable is always a
single precision INTEGER variable.

3. The scope of the Lbop TEMPORARY is the DO FOR group of
7 the DO FOR statement which defines the variable.

4, The <identifier> name used for the loop TEMPORARY may not
duplicate the name of another <identifier> in the same
name scope, nor may it duplicate the name of another
TEMPORARY variable in the same DO ... END gr?up.

v

|
X LR
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.14 The NAME Facility | | o
0 o ‘ Y : )
This section gives a definitive description of the
o HAL/S NAME facility. This facility is desxgned to £ill

g 7 the system programmer s need for a "pointer" construct.
3 Its basic entxty is the NAME identifier: a NAME identifier

TR BRI TR
Q

E

4

N

Ky po;nts to" an ordxnary HAL/S identifier of like attributes.

i€ The "value" of the NAME identifier is thus the lozation of the
\ identifier pointed to. (3n "ordinary" identifier is a HAL/S
}i identifier without the NAME attribute). .

i . 11.4.1 1dentifiens with the NAME attribute

] . _ - . B

i Identifiers declared with the NAME attribute become
‘ NAME identifiers. NAME identifiers may be declared with

| the following data types:

|

INTEGER : CHARACTER
SCALAR EVENT \ :
FIXED STRUCTURE ‘ 126
VECTOR . PROGRAM : P
! VECTORF TASK - 147
; MATRIX =~ ) i ; ' ’ .
Y MATRIXF '
! BIT '
; BOOLEAN » °

The following dlagram is an extension of the DECLARE state-
ment syntax-diagram in Section 4.4. The modification shows
how the keyword NAME is used in such a declaration to state
the NAME attribute. ;

SYNTAX:

declaration statement @

pecuast q 7t .,,.,- /W (JIl—l{}

example:
' DECLARE ALPHA NAME VECTOR (7}

. . .
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GENERAL SEMANTIC RULES:

1, The following <attribute>s apply to the NAME {ariable

itself and bear no relationship to the ordinary
1dent1f1er whxch is po;nted to at any given time during

execution:™ SRS

® The <1n1t1allzatxon> attribute (if supplied) refers
to the initial pointer value of the NAME variable

itself.

® STATIC/AUTOMATIC refer to the mode of initialization
5 ‘ of the NAME variable ltself on’entry 1nto a HAL/S
block.

e ~DENSE/ALIGNED apply to the actual NAME variable when
it is defined by inclusion in a structure template,

3 All other legal attributes de;pﬁgbe the characteristics
I  of the ordinary variables to—which the NAME variable may -

- point. Except as noted below, these other attributes must
always match the corresponding attributes of the ordinary
variables to which the NAME variable points; compilation
errors w111 ensue if this is not the case.

[N

2. The A“CESS attribute is 111egal for NAME variables; its

absence does not prevent NAME identifiers from pointing
to ordinary identifiers with the ACCESS attributes,and )
matching is not required in this case. T

3. There must still be conszstepcy between declared type,
attributes, and factored attributes just as is the case
for ordinary identifiers as described in Chapter 4; of this

Specification.

1

“examples < T )

DECLARE VECTOR(3) DOUBLE LOCK{2), X, Y NAME
DECLARE P NAME TASK; ‘

Y may point to X

P points to any task block

Vi

)

D

T

™7
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4,

i e Z may point to Y but not X

S
|
ey

o

g SEMANTIC RULES (Data NAME Identifiers):

Arrayness Specification - in general the arrayness
specification of a NAME identifier must match that
of the ordinary identifiers pointed to, in both
number and size of dimensions. =

Structure Copy Specification - in general the number
of copies of a NAME identifier of a structure type
must match that of the ordinary identifiers pointed

to.

i

The use of the "*" array specification or structure
copies specification is excluded from declarations
of NAME formal parameters. =

“Structure Type - if a NAME identifier is a structure
type it may only point to ordinary identifiers of
structure type with the same structure template, i

N ==

~ examples of data NAME variables

DECLARE X ARRAY(3) SCALAR,
Y ARRAY(4),
Z NAME ARRAY(4) SCALAR;
DECLARE P EVENT;
DECLARE EVENT LATCHED, V, VV NAE;

For any unarrayed character string name variable, the
"*" Form of maximum length specification may be used:
This is an extension of the use of the "*" notation
which applies now in general to character name variables
as well as to formal parameters.

Range Specification - if the NAME identifier has

2 Speci - e : ie) a range
§pec1§19atxon,‘then it must match that of the ordinaryg
identifiers pointed to. If the NAME identifier has no

- range specification, then no match is required.

Scaling specificatioh - if the NAME identifi

1  SE . ‘ ier and the
ordinary identifier pointed to both have defi i

the scalings must agree. - k efmngd scallngs(

11-19
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E The Label Declarative Attributes available for use in declaring (,)
( NAME identifiers which point to HAL/S block forms have been
' 126 modified to include PROGRAM and TASK keywords and to exclude
: PROCEDURE and FUNCTION keywords. The following syntax diagram
4 is substituted for the Label Declarative Attributes diagram in
: Section 4.6 when declaring NAME identifiers which point to
! HAL/S blocks. -
} SYNTAX:
j i _
) uuu-u--un . @
r V
l ﬂ o
) ’ ‘ ;
L 126 | =4 1 |l ' ‘( i
, | - uocnm_.
K - “
! <
i
D/// — " Tr -
bl
IRy

', § L A b
1 z =

! i 11-20
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o SEMANTIC RULES (Label NAME Identifiers):
Ko .
P 9. <initialization>, STATIC or AUTOMATIC, DENSE or ALIGNED
k may only be applzed to the <label declarative attributes>
Lk ‘ . of identifiers with the NAME attribute. They are
}* . properties of the NAME and not of the identifiers
' pointed to. ?
f - 2. The following rules’ apply to NAME <identifiers> of the PROGRAH
i and TASK types:
f
| e The NAME <1dent1f1er> of a PROGRAM or TASK type always
| points to’a PROGRAM or TASK block, respectively. A
. corollary of this rule is that <process event>s are never
| referenced by NAME identifiers of the PROGRAM or TASK
‘ types.
: o Py The only form of PROGRAM label declarations allowed
X ' _are those with the NAME attribute.
b e The program NAME <identifier> must always point to an
. - ‘ external PROGRAM block name; therefore ablock template is
( y required for each PROGRAM which may be referenced by a
e : NAME value.
AN
i
v
4 “ -
| | 11-21 A
. . # (‘zgi )“/
; CM ¥ A
5 e R T e ;b: (\ o

e e o meg el

PR X

R P

r;:)\ 4

b




T T e W e

T N e b A

S g e e s

Q

11.4.2  The NAME Attribute in Structure Templates

N The NAME attribute may appear on any structure terminal
of a structure template. The following syntax diagram shows

how the kayword NAME is used to.state the NAME attribute. This
diagram is a systems language extensxon of the Structure Template

diagram,

SYNTAX

&3]

¥ / Rructurs tempiste statement ®

T
ESTRUCYURE)—-(—;mmiu

e Coe ) Yo

B
Rverrt]

In general, the rules governing the formation of the structure
template remain unchanged (see Sectlon 4.3).

L g o
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GENERAL SEMANTIC RULES:

1. - Restrictions on itt{ibutes discussed in Section 11,4.1 generally

also'apply to structure terminals with the NAME attribute.

2. No <initializag}6h> ﬁhy be applied to téiminals;oneither
may the attributes STATIC/AUTOMATIC appear,

3. NAME identifiers of any type (including program and task)
may appear as structure terminals. Note that the NAME
of an EVENT may appear in a structure even though the
EVENT itself may not. .

4. The REMOTE attribute may be applied to a structure
terminal with the NAME attribute unless it is of ~
EVENT type. , .

SEMANTIC RULES: Nestedfétructure Template References

1. Nested structure template references are special instances
of structure ‘terminals. The manner of their incorporation
into structure template definitions is as described in
Section 4.3 yia the <type spec?,

2. Such references are permittea'tcfuse?the NAME attribute.
If the NAME attribute is present, the following points are
to be noted:

Specification of multiple copies is still not permitted.
The reference may be to the structure template being

defined (and of which the reference is a part). The
implications of this are discussed later.

7
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examples of structure NAME identifiérs:

STRUCTURE A:
& 1X NAME PROGRAM,
1Y SCALAR, o

1Z NAME SCALAR,
1 ALPHA NAME A-STRUCTURE;

DECLARE P A-STRUCTURE;
DECLARE PP NAME A-STRUCTURE;

P.2 is a NAME identifier which may point to

o P.Y ©
’ PP is a NAME identifier which may point to %\>
P /

PP.2 is a NAME identifier which may point to
P.2 which is itself a NAME identifier
pointing somewhere. This is an instance
of double indirectien.

P.ALPHA is a NAME identifier of A-structure type.
The consequences of this are discussed later.

<

11.4.3 Declarations of Temporaries
No identifier declared in a TEMPORARY statement may
possess the NAME attribute. No such identifier of structure

type may have a template which contains one or more structure
terminals bearing the NAME attribute.

~
‘\
i‘.
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11.4.4  The 'Denedenenced’ Use of Sitple NAME Tdentifiens

Simple NAME identifiers are those which are not parts
of structure templates.

Q

If a simple NAME identifier appears in a HAL/S
expression as if it were an ordinary identifer, then the value
used in computing the expression is the value of the ordinary
identifier pointed to by the NAME identifier. Similarly, if
a simple NAME identifier appears on the left-hand side of an
assignment, as if it were an ordinary identifier, then the value
of the right-hand side%is asszgned to the ordinary identifier
poxnted to by the NAME identifier. These are examples of the
'deﬁeferenced' use of NAME identifiers.

Whenever a NAME identifier appears in a HAL/S
construct as if it were an ordinary identifier, the
dereferenc1ng process (to find the ordinary identifier
pointed to) is implicitly being specified. Specifically
this still takes place when a subscripted NAME identifier
appears as if it were an ordinary identifier. Here
the dereferencing takes place first, and then the
subscripting is applied. to the ordinary identifier
pointed to:

;

I

examples of dereferenced NAME variables

DECLARE VECTOR(3), X, Y NAME;
DECLARE P NAME TASK;
Q: TASK;

CLOSE;

if Y points to X, and P to Q then -

TERMINATE P; Means terminate Q. . ,
= Y, Puts thd\ cross pxoduct
Y = ; of X with X in X.
Yl = YS; Puts the third element of 7
X into the first element. //
. [/
@XL N

A special construct to be described irn Sections 11.4.5
and 11.4.6 is required to reference or change the value
of a NAME identifier (as opposed to referencing or
changing the value to which it points).

11-25
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11.4.5 Referencing NAME Values

L U

The value of a NAME identifier is referenced or

changed by using the NAME pseudo-function. This pseudo-
function must also be used in order to gain access to
the locations of\ordinary HAL/S identifiers. The locations

~ or values so indicated will be called NAME values. The

necessity also arisé§\€3r specifying Null NAME values.

The following syntax diagram shows both the NAME

pseudo-function construct as used for referencing NAME
N

values, and the construct for specifying Nu AME values.
SYNTAX: ¢ 2
nane reference

®

SEMANTIC RULES:

1.

<sub id> is any ordinary identifier, except an input
parameter, a minor structure, an identifier declared
with CONSTANT initialization, or an ACCESS~controlled
identifier to which assignment access is "denied" or
not asked for. <sub name id> is any NAME identifier.

Either of the above forms may possibly be modified by

subscripting legal for its type and organization. Note,
however, the following specific exceptions:

11-26
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® No component subscripting is allowed for bit

and character types.

® If component subscripting is present, <sub id> or

<sub name id> must be subscripted so as to yield
a single (unarrayed) element. . S °

® If no component subscripting is present, but'array

subscripting is, then all arrayness must be sub-
scripted away.

example:
QECLARE V NAME ARRAY(‘B) VECTOR;

NAME(V .)  is illegal since it °
] violates the second excep-
tion of semantic rule 3 above.

.y

Any <sub id> must have the ALIGHED attribute. )

NAME <identifier>s may not be declared with the ACCESS
attribute (see Section 11.4.1, rule 2). This does not,
however, imply that the NAME facility is independent of
the ACCESS control: NAME references to <sub id>s with
ACCESS control will compile without error only if
implementation dependent ACCESS requlremen*s for

<sub id> are satisfied. TN

If <sub id> is unsubscrlpted, the construct delivers

the location of the ordinary identifier specified. 1If

it is subscripted, the construct delivers the location

of the part of the specified identifier as determjned

by the form of the subscript. Subscripting can qﬁange
the type and dimensions of <sub id> for matching purposes.

If <sub name id> is unsubscripted, the construct delivers
the value of the NAME identifier specified. If it is
subscripted, the value of the NAME identifier is taken

to be the location of an ordinary identifier of compatible
attributes, and the subscripting accordingly modifies the
location delivered by the construct.

11-27
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0 7. The two equivalent forms NULL and NAME (NULL)
specify null NAME values. ~
= - -
| examples:
| " DECLARE X SCALAR, .}
: V VECIORO) /
e - NX NAKE SCALAR,
f NV. NAME VECTOR(3);
| : |
J - 'NAME(X) vields the location of X.
: NAME(NX) ‘yields the value of NX (i.e. the
It location pointed to by NX),.
NAM[-_(Vz) yields the location of the second
element of V.
d NAME(NV3) vields the location of the third
elenent of the vector pointed to
i by NV.
o p
g 11-28
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o : 11.4.6  Changing NAME Valtues
;} The value of a NAME identifier is changed by using
o the NAME pseudo-function in an assignment context. The
ot following syntax diagram shows the NAME pseudo-function
?ﬁ : used for assigning NAME values:‘
v ~ SYNTAX:
N ®
i | “ Q m |
I » O
i .
2
| — NAME name id —@—-‘
|
SEMANTIC RULE: ,
P o o o .
o 1. <name id> specifies any NAME identifier except an
b 0 ’ input parameter, whose NAME value is to be changed.
o 2 " <name id> may not be subscripted (except as noted 5
(} , in Section 11.4,11) |
eii,,” - i
i
] example:
DECLARE X NAME MATRIX:
_ NAME(X) in assignment context specifies
that a new value is to be given
to X.
/
’ @ 11.4.7  NAME Asasdgnment Statements
Q . The NAME assignment statement is the construct by
S which NAME values are assigned into NAME identifiers.
il
)
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. SYNTAX: | ‘ ()
: basic :
3 statement
\
4 E Pl
, /
| - neme sssign name refersnce -———< : >——- .
‘ i - n
[ -
l ;
:
| SEMANTZC RULES:
| 1. The <name reference> and <name assign>s must possesr .
‘ arguments whose attributes are compatible in the X
sense described in Section 11.4.1. i
,‘ 11.4.8 NANE Value Comparisons
F The values of two <name reference>s may be compared x ibé
‘ to one another. ‘ |
SYNTAX: _ ,
name conditional expression v
i - name reference —@ > name reference
u (=) -
N\ '
;o _SEMANTIC RULES: *
. 1. This <comparison> may be used in any syntax where
; - cther forms of <comparison> may be used, for example
cd ~ in a <conditional operand> or as the <condition>
: P ~ controll;ng a DO WHILE.
© 11-30 -
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| ' ‘ DECLARE X SCALAR,

R meters of the blocks in question have the NAME attribute.

o

2. Both <name :eference>s must possess\iiguments whose
<attributes> are compatible in the »ense described

in Section 1ll.4.1.

©|  examples:

NX-NAME SCALAR: o ‘

3

NAME(NX)=NAME(X) ;  value of NX is location

‘ of X (NX points to X).

IF NAME(NX)= NULL THEN RL'I’URN

o e ’ xf NX contains a null value
7 < (points at no location) then
4 E return.

ooy
0 11.4.9  Angument ?aazs:;gg. Consdiderations

SEES : NAME values may be passed into procedures and
functions provided that the co"respondlng formal para-

i

The following two syntax diagrams "are systems language
extensions of the earlier <normal funct10n> and <call
I

statement> syntax’ diagrams.

o,

SYNTAX: o |

i o
Jg . B . .
. (T —————————— P & ¥
name refere
normal e reference
function
expression ‘

<“"\t ‘ 11«31
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SYNTAX: PR S .
. call statement
. W7 - 5\( .
n’\\) Lt
} { cane label
1 ———— - $
‘ Qa(iibh )
” name assign
1 \/
SEMANTIC RULES:
l. The formal parameters correspondinq to <name reference>
or <name assign> arguments of these block invocations
must possess the NAME attribute, .
n
(2, The attributes of <name reference> and <name assign>
,, arguments supplied in the <normal function> reference
/ or <call statement> must be compatible with those of
f the formal parameters in the same sense. as described in
P Section 11.4.1. ' . &
j : 3. If the argument of the procedure or function invocation
. ' is not a <name reference> then the corresponding formal
IR parameter must not have the ‘\IAME attribute.
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N\
o examples:
! 3
% DECLARE XI SCALAR,
: , X2 NAME SCALAR; -

NATHT
o

Kt
P
: N )

PROCEDURE(A, B) ASSIGNI(C, D)
DECLARE SCALAR, A NAME,

'NAME,
D;
'NAME(C) = NAME(A);
- NAME(C) = NAME(B);, ©  illegal - B is an
. . ;nput parameter
CLOSE;
NAME(X2) = NAME(XI);
CALL P (NAME(X1), XI) ASSIGN(NAME(X2), Xl);
11.4.10 Initialization
. ,

A RENAME identifiers may be declared with initiali-
{ zation to point to some particular identifier. The .
o form of NAME initialization is as follows: :

SYNTAX:
‘ (% NAME initialization attribute
. name r;menco @ g
I SEMANTIC RULES:

1. The argument of the <name reference> must be a previously
declared <sub name id> or <sub id> with <attributes>
compatible with the NAME identifier being declared.

11«33
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11.4.11

®

Zl B is a NAME identifier of A-structure type:

T e St o o i S

[

3. Uninitialized NAME identifiers will have a NULL
NAME value until the first NAME assignment.

4. The argument of a <name reference> may not itself
possess the NAME attrlbute.

Notes on NAME Data and Structurnes

The previous sections have introduced the various
syntactlcal forms and uses of the NAME attribute , <name
assign>s, and <name reference>s. The use of these NAME
facilities with structure data merits further explanation

since the implications of the various legal combinations are -

not always 1mmed1ate1y apparent. Therefore, the purpose of
this section is to continue further discussion of various

aspects of NAME and structure usage by providing several
examples.

STRUCTURE TERMINAL REFERENCES

Consider the structure template and structure data
declaratlon below: ,

STRUCTURE A:
1 C SCALAR,
1l B NAME ArSTRUCTURE,

DECLARE A-STRUCTURE, Zl, 22, 23;

its NAME
value may be set to point to 22 by the assignment

NAME (21.B) "= NAME(Z2);
If this is done then it is legal to spe01fy 21.B.C as a

qualified structure terminal name, The appearance of B in
the quallfled name causes an lmleClt dereferencing process

to occur’ such that if 21.B.C is used in a dereferenc1ng context,

the ordinary structure terminal actually referenced 1s z2.C.
If the NAME value of Z1.B is changed by :

NAME (AZ,l.'B)‘ = NAME (_23) ;

then the appearance of 21.B.C in a dereferenc1ng context
causes Z3.

to be referenced.

11-34
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Pictorially:

)

Now Z1.B.B is itself in turn a NAME identifiér of A-Structure
type, so that if the NAME assignment

NAME (Z1.B.B) = NAME(22);

is executed, then 22.C may be referenced by usxng the gqualified
name 2z1.B.B.C in a dereferencing context., ,

“Pictorially:

V)
J

Clearly this implicit dereferencing in qualified names can extend
chains of reference indefinitely. A particular consequence is
the creation of a closed circular chain. If the following NAME
assignment statements:

NAME(Z1.B) = NAME(Z2);
NAME (21.B.B) = NAME(21);

are executed, then pictorially the following closed loop is
set up: : ,

. 7,\}9

L e e o
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E : Care must clearly be taken when using this implicit multiple
re ‘ dereferencing, so that all links in the chain have previously
S been set up.

S IMPLICATIONS OF SUBSCRIPTING,STRUCTURE TERMINALS

t : Using theusame A-structure template as before, : _
the following declarations are legal:

DECLARE A-STRUCTURE(3), Y¥1,Y¥2,Y3,Y4;

One or more copies of Y1.C may be referred to by subscriptihg,
for example: . .,

i

}

[ i
| <) Yl.C (optional semicolon for clarity)
)

l

2 AT 2;
. i
N . Note that now Yl.Bis a NAME identifier of A-structure type |
with 3 copies. One or more copies of it may therefore be |

assigned a NAME-value at one time. For example:

NAME(Y1.B, ,n o) = NAME(Y2, ,n )7

) : In this assignment, the left hand side has arrayness: two
{ copies of the Yl structure. As a"result, two values will
be defined by the statement. However, the right hand side
has no arrayness, because the object pointed to is Y2, »q ;°
This ;is a two copy section of the structure Y2, with *a :

unique starting location.

R
T S

Pictorially:

EEETI i w e RO I BN R L8 B oo

Notice that in the above NAME assignment a subscripted <name id>

appears as argument of the left—-hand side NAME pseudo=-function. -
Subscripts so appearing are legal only if they can have the
interpretation exemplified. The subscripting employed must

also be unarraved, as was mentioned earlier. '

Fretoaivn & rrict it
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Further indirection may then be set up;” thus for example:
NAME(YI.B.B ) = NAME(Y3 );:

Here the subscrlpt 2 on the left-hand argument refers to coples
of Y1 (this can be its only 1nterpretat10n). Hence, by virtue
of the fact that Yl. B, has previously been set up to point to
Y21, this assignment causes Y2.Bj to point to“YBl. i

Arrayness will appear on both sides of a NAME Assignment
Statement only when the assigned reference terminals of
both sides possess the NAME attribute within structure
variables with copies.

Consider the template:
STRUCTURE AA:
1 C NAME SCALAR,
1 D NAME VECTOR; N
And the declaration:
DECLARE AA-STRUCTURE(3), Y¥1,YY2;
If the terminal element YY2.D is assigned to the terminal
element YY1.D, the NAME -assignment <is arrayed since both o
sides contain three copies, D ;
Thus:
NAME (YY1.D) = NAME (YY2.D);
causes the name values of YY2.D found in the three copies
of YY2 to be transferred to the corresponding name variables

in YY1.D. All the usual rules governlna arrayed a551gnments
apply in this case.

’;’f}“
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MANTPULATING STRUCTURES CONTAINING NAME TERMINALS : G

Since the NAME attribute may be applied to structure
_terminals, a definition of operations performed on such

‘NAME terminals in ordlnary structure assignments, compari-

sons and 1/0 operations is required. The followxng general

rules are applicable:

® For assignment statements and comparisons involving
structure data with NAME terminals, operations are
performed on NAME values withcut any dereferencingg

examples:
STRUCTURE 10TA: )
) 1 LAMBDA NAME VECTOR,
I 1KAPPASCALAR;
6 DECLARE ALPHA |0TA-STRUCTURE(I0):

DECLARE BETA [OTA-STRUCTURE;

ALPHA = BETA;

4 As a part of this ass;gnnent, the vector
identifier (or NULL) pointed to by BETA.LAMBDA
becomes the vector identifier pointed to
by ALPHA.LAMBDA4 as if a <name asgignment
statement> had been used.

IFALPHA, + BETA THEN CALL QUE_UPDATE;

o In this IF statement, the structure compari-
i son between the two variables (ALPHAg and

: BETA) is performed terminal by terminal as
usual. For the NAME termindl LAMéJA of each
structure operand, the effect is the same
as if a <name comparison> had been used: Equality
for the correspondzng NAME terminals exists if
they both point to the same ordinary identifier.

B
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e For sequential I/O Operatxons, all NAME terminals are |113

totally ignored,

Name terminals can take part in FILE L/0

i

N\

éxamples:
STRUCTURE OMICRON:
1 ALPHA SCALAR,
1 BETA ARRAY(25) INTEGER S INGLE,
1 GAMMA NAME HATRIX(0, (0);
STRUCTURETAU:
1 ALPHA SCALAR,
1 BETA ARRAY(25) INTECER S INGLE;
DECLARE X OMICRON-STRUCTURE;
DECLARE Y TAU-STRUCTURE;

READ(S) X;

The structure variable X 1s an OMICRON-
STRUCTURE, whose template includes the NAME
of a 10 x 10 matrix (GAMMA). Only the
ordinary terminals are transferred from
Channel 5 by this READ operation --- the value
of.X.ALPHA and the 25 values required for
X.BETA., The NAME terminal X.GAMMA is ignored.

READ(S) Y;

: j The structure variable Y is a TAU-STRUCTURE,
whofie template omits the NAME terminal GAMMA
found in the OMICRON=-STRUCTURE, but is otherwise
identical. The effect of this READ statement is
the sameg as the previous statement as far as
Channel 5 is concerned -~~ one value is read for

Y.ALPHA and 25 values are read for Y.BETA.

I
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11.5 The EQUATE Facility

® This section describes the HAL/S EQUATE facility which

allows a system programmer to assign an external name to an
element of a HAL/S ‘data area.

Reference to HAL/S data items by HAL/S code is achieved
by use of HAL/S identifiers. When such references occur across

. compilation unit boundarles, the Block Template provides the

information necessary to generate the reference properly. If,
however, the unit making reference to a HAL/S data item is not
a HQL/S code block, the Block Template facility is unavailable.
It “Ys under these latter circumstances that the HAL/S EQUATE
facility may be used to make the location of a HAL/S data item
available to an external, non-HAL/S code block.

o

11.5.1 The EQUATE Statement .

SYNTAX:

R

EQUATE ) -
» statement

[~ EQuATE
identifier variable
\/ , kEXTERNALX }'.- —@

example: -
EQUATE EXTERNAL XYZ TO A;
EQUATE EXTERNALQRSTOS. T
// n

5:4,3:1,6;

EQUATE Statement

A
1
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“SEMANTIC RULES:

l.

. The EQUATE statement does not constitute a HAL/S declara-

=

The EQUATE statement causes <identifier> to become an
externally recognizahle label of the HAL/S <variable>.
The manner in which this is done is implementation depen-
dent. The EQUATE statement has the effect cf raising

the name of <identifier> to a global external level

such that it is known to whatever binders, loaders,
link-editors, etc.; are used by an implementation.

The number of characters of the <identifier> which
participate in the external name created is implementation
dependent.. o

tion. This implies that <identifie:> may appear in a
declare statement and be used in any manner consistent
with that declaration. In the absence of such a
declaration, <identifier> is not declared an¢ may not
be used anywhere else 1n the HAL/S code. //7

&

Duplication of <1dent1f1er>s among multiple EQUATE statements
within a single compilation unlt is subject to lmplementatlon
dependent rules.

<variable> may be any HAL/S data item previously declared
in the innermost scope containing the EQUATE statement.

If <variable> is suoscrlpted all subscripts must be
computable at compile time.

The external name creaeed by the EQUATE statement will be
associated with the memory location of the first (or only)
element specified by <variable>,

£

-Attempts to associate exterp1l names with HAL/S data

items which are not located 1ntegra11y at addressable
memory locations or-discontiguous memory locat;ons are
subject to implementation restrictions.

C11-41
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11.5.2 EQUATE Statement Placement
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The following dlagram is a system language extension
of the Declare Group syntax diagram in Section 4.1. The
modification shows how the EQUATE statement fits Lnto the
declaration structure of HAL/S. .

SYNTAX:
,L declare group 2 @ )
A
Il replace
iz statement
structure template .) :
3
deciare _)
statement 14 ; }
equate
statement J’;
a
‘ 11-42
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) A. SYNTAX DIAGRAM SUMMARLES :

& LR

' ) o ’
: A.l SYNTAX PRIMITIVE REFERENCES T

O “ i 3
% The syntax didgrams in this Specification are numﬁered
sequentially. The 'CONTENTS of the Specification state

- which diagrams are in each section.

¥ The followlng table shows where the BEAL/S syntactxcal

primitives (excluding reserved words and special characters)
- are referred to.

NOTES‘

o -

1. Primitives are listed in alphabetical order.

2. Numbers enclosed in [ ] denote indirect references to '
| the prlmltlve. Explanations are glven in the accompany-

ing Semantic Rules. =
S l_//l
3 ’ .
Syntactical Diagram
y} ’ Primitive Number Page sgﬁ;:g:iszl gt:\gg‘;m Page .
l . <arith var name> llz-g] g'g iabel o 48 7-13 N :
- o <label> ;
(continued) 50 7-16 ;
<argument> 12.1 4-6 s1 7=17 |
52 7-18
’ <bit literal> 19 5-5 gi ;-gg
- 20 55 -
55 7-24
<char literal> {18} 4=26 56 7«25
29 6-12 57 -4
. <char var name> [ig] 4-23 gg 8-10
| 20 ‘ 5-5 e1 ge11
: g |
<event var name? 19 63 9:3
[ <identifier> 8 . ' 66 10-3
. X ’ 9 3-16 68 10~6
: ) 12 3-19 ¥ - 53s 10-10
B 13 4-4 54s 11-15
7 U 4-10 77 11-15
- 15 1 47s 11-31
14s : 4-14 11-32
13s 4-15 <number> 13 E
z A 11-17 : 1 10
. <labels 2 11-22 i) 415
L 3 - .
Co 3 3-4 25 4-21
ro 5 3-6 63 4-26
o0 € 3-8 64 . 6=6
Ty 10 3=10 65 9=-2
i o 118] 3-11 66 §'33 \
. 38 3-22 ) ; 6s 0~
N 45 4-26 = 16s 10-6
| § jo-de
;:g <process-~event name> %?’ 11-22
1-9 .
<template nane> 17 2:33
<texts - 12 4-2
[ . 12.1 4~
i A-1
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A.2 SYNTAX DIAGRAM CROSS REFERENCES B
& ¥ :
The following table shows where non-primitive syntactical ‘
. " terms are defined and referenced. o k
:) e —f/// ¥
NOTES: ) a1
1. Terms are listed in alphabetical order. :
, ;
2. <radix> #s included even though it has no syntactical %
dlagram, because for the purposes of the Specification .k
it was not regarded as a primitive. Its definition is 5
included in the Semantic Rules accompanylno pe syntax i
diagrams where it is referred to. o !
3. Note that an "s" gsuffix_ identifies a modified systems §
Language Dxagram. X :
"o ) ix
. ]
© . P o
/’/ =
P /;/{/ ; )
i /)4.:— - / T
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Syntactical Defined in
) Definition - References
Diagram | Section P:;g? . ' p
<arith conversion> 39 6 6=28 | 25,258
<arith exp> 24‘ 6 6-3 1s5,17,18,22,23,25,28,32,39,51,
» _ | s3,54,57,60,61,67,68,25s,54s
carith operand> 25 6 |66 | 24,255
<arith var> 19 s 5-5 . | 20,25,53,54,25s,54s
<array sub> 22 5 75-11 21 .
<arith inline> 25s 11 11-8 | 55
carith % macro> 25s 1 11-8 | 25
<attributes>:
] data 15 4 4-157 .
label 16 = 4 4'21 16s ,
name s | 11 |11-20| 44,45
5 <basic statement>: :
assignment 46 7 7"'5‘
name .75 11 1-27 47s
CALL 47 7 7-9 47s
~ name 47s 11 11-32
CANCEL 58 8 8-8 .
= DO. . .END e 7 7-15
EXIT . 56 7 7-25
EILE 68 10 10-10
60 TO 56 7. |7-25
name assign 74 11+ 11-27 »
null 56 7 7-25 A75,76,7;,47s
ON ERROR 63" 9 9-3 '
A-3
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Syntactical Defined in ! : .
Definition r s ’ References U
Diagram | Section | Page . :
" READ 65 10 [10-3 q ' .
READALLH 65 o 10 10-3
REPEAT 56 7 7-25,
=" RESET 62 8 8-14 .
RETURN a8 7 |7-13
SCHEDULE 57 8 8-4 L. B
SEND ERROR 64 s |o9-7 -
SET . 62 '8 8~14.
SIGNAL 62 L 8-14
TERMINATE 59 8 8-10
. uppnmga"?guomm 61 N 8 @-_-13.
WAIT 60 8 Beil
WRITE 66 10 10-6 7y
<bit conversion> 40 6 6=32 27,27s -
<bit exp> 26 6 6-8 | 23,27,3‘3,41,45,52,53,54,273([544
<bit inline> 27s 11 11-9 | 27-
<bit % macro> 27s 11 11-9 | 27
<bit operand> 27 6 6-9 26,27s
<bit p:seudo-var> 42 6 6~36 | 20,27,27s N
<pit var> 19 ' 5 5-5 20,27,27s ,
<char copyersion> 41 6 6-~34 29,29s
<char exp> ) 28 | 6 le-11 | 23.20,34,30,29
<char operand> 29. ‘ 6 - 6-12 28,29s <y
<char var> . 19 - .5 5=5 20,29,29s
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T : - Syntactical Defined in S
b L } ' Definition Refefences
| ’ . Diagram | Section | Page B
-
E <char inline> 0 29s 11 11-10} 29
P <char % macro> 29s 11 11-10}" s .
po <closing> 10 .- 3 3-22
g . g
&, ‘ - <comparison>: ‘ 31
' :
M arithmetic 32 6 6-16
T B bit : 33 6 6-18
' e character 34 ) 16-19
i ! structure - 35 "6 .16~19
) °
E : <compilation> 1 3 6-20
‘ ' <component sub> 22 ) 3=-2 21
b i
| <compool block> . 5 3 5=11 1 1
’ 4; <compool header>” 7 3 3-10 5,6 .
} H g o ; gy
’ g { <compool template> 6 3 3=14 1 o
<condition> 30 6 3«11 31,45,52,53,54,54s
¢ name 76 11 6-14
:
, <conditional operand> 31 6 |11-30| 30
:;' B E ) )
§ <declare group> 11 : 6+15 2,3,4,5,6,69
i <declare statement> 14 4 4-3 11,14sd1s o °
’ ; ‘ = ; ¢
:4 . nhame ] 1l4s ‘ 1L 4<14 8§
’ - <do statement>: - | 11-17 49,49s 5 \ : \
i CASE ’ 51 7 - ‘ o <
N | et EE .
e discrete FOR 53 .7 7<20
' g temporar; var . . 53s -11 11-15
“I b " . I)' @
: gx iterative FOR . <54 7 7-22
O i A-S
'lé a,-,? ’ ‘ L ‘. i R : ' ‘ : ' o o g 4 )
g SRRREEN . | S CRGINAL mw s 5
4 : pos s - ~ SUTE S s
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Syilitactical Defined in
Definition References
© Diagram | Section |Page
temporary var 54s 11 11-15
simple 50 7 7-16 |
" UNTIL 52 7 7-17 ©
WHILE 52 7 7-18 )
<end statement> 55 7 7-24 49,49s
<equate statement> 80 11 11-40} 11s
<event exp> 36 6 37,57,60
, 6-22
<event operand> 37 6 36
_ R 6-23 - ¢
<event var> A 18 5 , 20,27,37,62
4 5-5
. <expression> R 23 6 18,38,39,40,41,42,46,47,48,66,
ds-2 68,70
<file exp> 68 10 10-10{ 68
<furiction block> 3 3 |3-6 1,2,3,4,49,49s
<function header> 9 3 3-19 3,6 .
<function template> 6 {/;’3 3-11 1
ll Y
<inline function> 69 11 J11-2 R
<initial list> 18- 4 4-23 | 18
<initialization> 18 4 4-26 15
name 79 11 11-33] 1és
<i/o control> 67 10 - |10-8 | 65,66
<name>; 14s 11 11+17
<name reference> 75 11 . 11=30 b
<normal Function> 38 6 6-24 | 25,27,29,77
- name 77 11 j11-31 ,
<precision> 43 6 6-39 | 1,2,3,4,49,49s
<proéedure block> 3 3 3-6 3,6. /
A-6
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¢ _ Syntactical - Defined in
S 7 Definition References
" ‘ Di%gram Section | Page
| :
| 1 <procedure header> 8 3 ‘I3-16 | 3.6
o | . -
E <procedure template> |- 6 3 3-11 | 1
L <program block> 2 3 13-4 1
- : <program header> 7 3 3-14 2
<% macro> 70 11 11-6 | 25s ;
, typeless % macro 7L 11 11-12 ° &
S
i _ <radix> Note 2. 6 ’ 40,41
i '
<replace statement> ° 12 4 4«4 11,11s )
| parametric 12.1 4 4-6
<scaling> 81 6 6-40 | 53 -
x O
. <statement>: 4
- & i
: basic 44 7 F-2 ’
.! ‘ ,
: [ IF 45 7 7=3
temporary 72 11 - }11-14
<structure .exp> 29.1 6 6-13
<structure sub>. 22 5 5-11 2N
:
<struct inline> 29.1s 11 11-11} 29.1
| <struct % macro> 29.1 11 11-11f 29.1
: : <structure template> 13 4 4-10 | 11,11s
N name 13s 11 llv2{2
g <structure var> 19 5 5-5 | 20,23,35,29,15,29.1
e | " .
<sub exp> 22 5 5«11 | 22 o
“ ¢sub name Ya> 73 11 11~26
| ¢subscript> 21 5 5-8 19,39,40,41,42
. .|<task block> 3 3 3-6 | 2,49,49s
% - <\\\ A ! ‘A A- 7
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Syntagtical
Definition

Defined in

Diagram

~

Scction

Page

References

<task header>
<;ype spec>
<update block>
.<update header>

<variable>

<temporary Statement>

17

49s
72

11
11

3-14
4-22
3-8
3-14
5-5

11-13
11-14

3
9,15,16,69
$2,3,49,69,49s
4
42,46,47,65,68

53s,54s

1
<
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~ A.3 SYNTAX DIAGRAM LISTING *
\ . A

—d,
DIAGRAM # TITLE PAGE
1 unit of compilation 3-2
2 PROGRAM block 3-4
3 PROCEDURE, FUNCTION and TASK blocks 3-6
4 UPDATE block RN 3-8
5 COMPOOL block ) 3-10
6 block templates: PROGRAM, PROCEDURE, 3-11
FUNCTION and COMPOOL templates
7 simple header statement “y 3-14
8 PROCEDURE header statement 3-15
9 FUNCTION header statement 3-17
10 Closing of block ' 3-19
11 declare group 4-3
1ls EQUATE statement placementflﬂ declare group 11-42
12 REPLACE statement 4-4
213 structure template statement 4-9
13s structure template statement/NAME attribute 11-22"
14 declare statement 4-12
1l4s declaration statement/NAME attribute 11-16
15 data declarative attributes 5 " 4-13
16 label declarative attributes 4-18
l6s label declarative attributes/PROGRAM~TASK 11-19
17 type specification 11-19
18 dnitialization specification 4-23
19 ‘ <var>:  arithmetic, bit, character, 5=5
structure, event variables o
20 variable . 5«5
21 subscript construct 5-8
22 component, array, and structure 5-11
‘ ' subscrlpts
23 ' expression ‘ 6-2
24 arithmetic expression “ ' 6-3
25 . larlthmetlc operand 6-6
25s arlthmetlc operand inline functlon block/ 1l-7
{$-macros

*Note that an "s" sdffix identifies a modified Systems
Language “diagram. =
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° TITLE ) PAGE .
bit expression 6-7
bit operand 6-8
bit operand inline function block/ 11-8
$-macros >
character expression 6-10
- character operand 6-11"
character operand inline function block/ 11-9
$-macros _
structure expressxon 6-12
structure expression inline function block/ 11-10
t-macros
conditional expression ) 6-13
conditional operand == 6-14
arithmetic comparison . - £=15
bit comparison. ‘6=17
character comparison 6-18
structure comparison 6-19
event expression” 6-21
event operand 6-22
normal functio d 6=-23
arithmetic conwers;on function- o 6=27
bit conversion function ., 6-31
character conversion-=function L 6-33
SUBBIZ: pseudo-variable - 6-35
precision specifier C gy 6-38
-basic statement ) ’ 7-2
IF statement ’ 7-3
assignment statement « 7=5
CALL statement E 7-9
CALL statement with NAME 11-32
RETURN statement N 7-12
DO...END statement group @ 7-14
DO...END statement group/temporary 11-12
var able ;
simple’ 'DO statement i 7-15
DO CASE statement : . u  7-16
DO WHILE and UNTIL statements S 7-17
discrete DO FOR statement 7-18
discrete DO FOR statement/temporary { 11-14
variable
iterative DO FOR statement , e 7-21 -
iterative DO FOR statement/temporary 11-14
- variable ‘ _
END statement & ' . 7-23
A-~10
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{  DIAGRAM #

Vi
~
~

86

g 87

g 89 -
1 90
. : 91

s et S e e it e Sk R it

TITLE

other basic statements: GO TO, "null",
EXIT and REPEAT statements ]
SCHEDULE statement
CANCEL statement
TERMINATE statement
WAIT statement ¥

<

UPDATE PRIORITY statement

SET, SIGNAL, and RESET statement
ON ERROR statement

SEND ERROR statement

READ and READALL statemznts

WRITE STATEMENT
/o control function

FILE statements

inline function block
$-macro statement

%=-macro call

temporary statement

NAME reference

NAME assign

NAME assignment statement

NAME conditional expression
normal function reference

'NAME initialization attribute

EQUATE statement
scaling
FORMAT LISTS

FORMAT CHARACTER EXPRESSION
FORMAT ITEM

I FORMAT ITEM

"F and E FORMAT Items

A FORMAT ITEM
U FORMAT ITEM
X FORMAT ITEM

FORMAT QUOTE STRING
P FORMAT ITEM

PAGE

U 7 - 2 4
8-4

8-11
8-12

8-14
8-15

- 9-3
9-7

10-3 o

10-6 &

10-25
11-2
115

11-11
11-13  «
11-26
11-29
11-30

11-30
+ 11-31

11-33
11-40 -
10-10 -
10-11
10-13

10-15

10-16 BN

10-18
10-19
10-20
10-21
10-22
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. i B. HAL/S KEYWORD§ |
o w
The following table of keywords exclw,ies built-in functions i
e and %~macro names. I |
. ’I :
i ACCESS EXCLUSIVE ﬁ RANGE | 142 |
j AFTER EXIT o READ |
. ALIGNED EXTERNAL i READALL
. AND REENTRANT g
. ARRAY FALSE REPEAT g
: ASSIGN FILE REPLACE’ §
g ., AT FIXED RESET | 147 )
; AUTOMATIC FOR RETURN |
. FUNCTION \ REMOTE g
. , RIGID j
BIN GO “  SCALAR !
; . BIT SCHEDULE |
§ N BUOLEAN ‘SEND |
| . BY HEX SET |
j o . ‘ SIGNAL }
i CALL IF SINGLE |
; CANCEL IGNORE SKIP |
: CASE IN STATIC g
CAT INITIAL STRUCTURE
| CHAR INTEGER SUBBIT |
« CHARACTER , SYSTEM |
: CLOSE LATCHED :
COLUMN “LINE 3
* COMPOOL LOCK TAB j
CONSTANT TASK |
MATRIX TEMPORARY | 147 - ]
MATRIXF TERMINATE N
; DEC THEN -
. DECLARE NAME TO
: DENSE NONHAL TRUE
? DEPENDENT NOT
; DO NULL
: DOUBLE UNTIL .
g OCT UPDATE
P OFF
; ELSE ON VECTOR 147
g END OR VECTORF |
i EQUATE
: ERROR - PAGE WAIT
i EVENT PRIORITY . WHILE
i EVERY PROCEDURE WRITE
i z PROGRAM
, B-1
’1
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C. BUILT-IN FUNCTIONS

7

HAL/S typically supports the following set of built-in functions. (
Minor variations may arise between implementations. \\

ARITHMETIC FUNCTIONS

arguments may be INTEGER or SCALAR types ‘ !
functions marked with an * also accept FIXED type arguments l 147

in functions with one argument, result type matches argument type 4
(except as specifically noted)

o in functions with two arguments, unless specifica]]y'specified, 140
result type is scalar if either or both arguments are scalar;
otherwise the result type is integer

o arrayed arguments cause multiple invocations of the function, one
for each array element - arrayness of arrayed arguments must match

Name, Arguments Comments

* pBS (@) | el

If « is of type fixed with a defined
scaling, then the result is defined
to have the same scaling.

147

- CEILING (a) smallest integer 2 «

DIV (a,B) integer division «/8 (arguments
rounded to integers

FLOOR (a) - ]argest'integer§§<x ' .
MIDVAL (a,8,7) the value of the argument which is

algebraically between the other two.

IT two or more arguments are equal,

the multiple value is returned.

- Result is always scalar.

MOD {(x,fB) a MOD B
DD () | TRUE 1 if @ odd } result is

FALSE 0 if a even BOOLEAN
REMAINDE& (a,8) signed remainder of integer division

a/B (argument rounded to integer)

C-1
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147

147

ARITHMETIC FUNCTIONS (CONTINUED)

Name, Arguments

/)

Comments o

ROUND (o) nearast integer to «

*SIGN (a) +1 >0
-1 a <0

*SIGNUM (a) +1 o >0
0 a'=0

-1 a <0

5
TRUNCATE (o) largest integer < |a| times

SIGNUM (integer(a))
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ALGEBRAIC FUNCTIONS

e arguments may be integer, scalar, or fixed types - S
- conversion to scalar occurs with integer arguments

e result type is scalar unless argument‘ié fixed, in
which case result type is fixed

® arrayed arguments cause multiple invocations of the
' function, one for each array element o

Ty

® only those functions marked with an * accept fixed 147
arguments
® angular values are supplied or delivered in radians
@ angular values of FIXED type are scaled by. T
Name, Arguments y Comments
* ARCCOS (a) S cosTla o] <1 ]
this returns an angular
147
value. ‘
. -1 >
ARCCOSH (o) cosh ~a =1
* ARCSIN(a) sin 1o , el g |
- this returns an ‘angular 147
i value,
i ARCSINH (a) ’s:'mh"l o
"or < tan"L(a/B) < @
* ARCTANZ2({o,B) .Proper Quadrant if:
o = k sin © ’
B = k cos © }k >0
this returns an angular
, value. b 147
ARCTAN (o) = tan~1 o
__ARCTANH () tanh™ Yo faf < 1
*COS (o) cos o
this takes ‘an angular 147
. value. '
COSH (o) c¢osh o
EXP () el
- LOG () log, & a >0
c-3
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* SIN(a) i

sin o . ‘
this takes an angular
value.

SINH (o)

*SQRT (o)

sinh o
= .

y
Yo i a 2 0

, = ' &
‘ ! .‘the scaling of the result]
147 : ; is implementaticn de-
o 3 pendent if a is of type
i FIXED
. )
( TAN (o) tan a
(\ TANH (o) tanh o
\\\\\\ o
: c-4
' o e
;
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VECTOR-MATRIX FUNCTIONS = ?

P

® arguments are vector or matrix types as indicated

® result types are as implied by mathematical operation ,

function, one for each array element

Name, Arguments ‘ ) Comments

;
;
i
:
|
e arrayed arguments cause multiple invocation of the . . - 1
i
i
0

. e
b } . f gABVAL(a) o length of vector a, N
% . | f : For VECTORF argument with a
E ] . . defined scaling, ABVAL(a) has 147
a I Vo the same defined scaling

Q

'DET (o) : determinant of square matriy o.
| The scaling for MATRIXF aydu-
ments is implementation~de-
pendent

S

o

P

R f ‘INVﬁhSE(a) ) ’ inverse cof a é;n51ngular square
L . ¢. . B , ) - matrix a. . . oo

; The scallng for MATRIXF argu-
o b o ' ments is implemetation depen-
{ - . K . _dent

N Ty

L e sl

‘TRACE(G) _ sum of dlagonal elements of ) o
square makrix o.. ; | 147

| For MATRIXF agruments with a
;o : ‘ \ h defined scaling, ihe result is

- ' - defined to have the same scal-*
ing

S

TRANSPOSE (a) -~ | transpose of matrix o. - %I R

147
For MATRIXF arguments with a :
- defined scallng,gkhe result is
i - deflned to have the same scaling

1

i CLE L ‘ UNIT (o) ' * unit vector in same dlrectlon as i
o ' i ’ vector a. ' : e
A b e | , “ : el ¥
. , | ‘ - For VECTORF argument the result ' [
¥ . § is scaled at 2 1 . A

—~ o
~ 5
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o
', MISCELLANEOUS FUNCTIONS
ﬁ _ =
! ® arguments are as 1nd1cated* 1f none are-'indicated
S 136 the function has no arguments = ;
o ! oresult type is" as indicated o “
h | :
; i Result Type Co mments
) CLOCKTIME scalar returns time of day
. ) R (:} )
|DATE + integer returns date (1mp1ementat1e3
i : . _dependent format).
L ERRGRP ' integer returns group number of last
E I 7 ; : ‘error detected, or zero
o ERRNUM integer returns number of last erxor
i : - detected or zero
L PRIO integer retnrns priority of process
i calling function o
S IrinDOM scalar returns random number from'
' ‘ rectangular dlstrlbution over
) range 0-1
3 " . =
: RANDOMF fixed The scallng of the result of
147 : RANDOMF is undefiiied
RANDOMG scalar returns ramdom number from
’ Gaussian distribution mean
{ zero, variance one. ﬁ& e
RUNTIME . scalar returns Real Time Executive
i . : : clock time (Section 8.)
’ , LRUNTIMEF fixed The scaling of the result of
, 147 ; i RUNTIMEF is 1mplementat10n
D dependent
; ﬁNEXTIME scalar <labe1> is the name of a pro- .
S ; (<labe}>) f gram or task. The value re-
JR NEXTTMER) fixed turned is determined as fol-
N 147 } (xiabel>) : lows: .
B a). If the spec1f1ed process
- ' was scheduled with the
e REPEAT ENTRY option and
has begun at least one
cycle of- executlonY then
the value is the time
, " the next cycle will
! begin.
c-6 “
i ;
- L Lt i
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b) If the specified process
was scheduled with the
IN or AT phrase, and has
not yet, begun execution,
then the value is the

° time it will begin execu-

tion. :

‘¢) Otherwise, the wvalue is

. equal-to the'current
. ‘time (RpNTIME function).

The scaling o# the result”
of NEXTIMEF is implementa-

tion depepijent.
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MISCELLANEOUS FUNCTIONS (CONTINUED)

~

LrA

ame, Argument

Comments

J;*Resdlt Type )
N N

-

o ST (1 8)

-l
|
!
I
i

'

T e e - e

T e -

¢

Same as o

o= O

_If ois bit type, the result

o may be integer or scalar type.
8 must’ be 1ntegﬁr type.

Ifﬁxls integer type, the re—
sult is an integer whose :
internal binary representation
is jthat of o shifted left by

8 bit locations. The signed
nature of the 1nteger(xls
taken into account in an
1mplementatlon dependent
manner which depends upon the
number system and word size

of the target computer. -

is a bit string containing =

the value of o shifted left

by B.bit locations: o is treated
as-an unsigned loyical- quantity.
The size of the result: is
1mnlementatlon dependent.

Arrayed arguments produce mvilti-
ple invocations of the function,
one for each array element -
arrayness of arrayed arguments
must match, '

e i
i

SHR (o, B)

Same as o

o may be integer or scalar type.
B must be integer type.

Results are as defined for the
SHL function except that all
sHifting occurs to the right.

Arrayed arguments procuce
multiple invocations of the
function, one for each array
. element - arrayness of ‘arrayed

"NORMALIZE (o)

" 147 | |

FIXED

N

arguments must match.

o must be FlXED type.

.scallng on % is reduced»untll
o is normallzed. “The sta11ng
of the result is undefn ed.

| \
RN | rw—
, | worucouyT ()

- 3
¥ it
\ &

3 L

INTEGER

1
o must be FIXED Lype.*;rhe re-
sult is the number of lleft

'The b

shifts necessary to. noqmallze'd.

2 ‘
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CHARACTER FUNCTIONS

)

first argument is character type - second argument

is as indicated (any argument indicated as character
,type may also be integer or scalar, whereupon conver-
sion to character type is implicitly assumed)
® result type is as lndlcated -

® arrayed arguménts produce multiple 1nvocatlons of
the function, one for each array element - arraynesses
of arrayed arguments must ‘match .

o

INDEX (o, B)

., Name, Arguments.-

integer

Resulthype

cOﬁmERts

appears in string a, index point-

ing to the first character of B is

returned; otherwise zerxro §s re-—
turned "

B is character type - if string 8

LENGTH{G)

integer

returns 1enath of character:
string f

LJUST(a,8)

character

B is integer type - string o is

expanded to length B by padding _

on the right with blanks °

"B > length (a)

RJUST (o ,8)

character

8 1sy;nteger type - string a is

| “exparded to length B by padding

on the left with olanks
B > length (a) ¢

TRIM (o)

character

leading and trailing blanks ave -
stripped from a

y

o

05
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. e BIT FU:NCTIONS .
i - ) e ; tv"f}”
® arguments are bit type o ’
- ' result is bit type : A
4 ({
f A e arrayed arguments produce multiple invocations
2 o4 : of the function, one for each array element -
[ ‘ \\ ’ s arrayness of arrayed arguments must match
, . .
/) Name, Arguments Result Type Comments :
| : : XOR(a,B8) bit Result is Exclusive OR of a
7 ' ° and B.” Length of yéjiult is “
| . « N length of longer jArgument.
- : ) Shorter argument(is left
| padded with bina zeros
| . b to length of longe\:argu-
L o ‘ - ment.
\ ’
} A 'ARRAY FUNCTIONS |
] . : . O v.‘,
® arguments are n-dimensional arrays where n is . . i é
arbitrary : Do o i {
147' : i e arguments are ihteger, scalar, or fixed type %
/ e result type matches argument type and is . i
f unarrayed e !
4 Name; Parametets . | _~ Comments ?
7 MAX (o) ) - max1mum‘of all element of o. j
‘ g If o is FIXED with a defined §
k_ ] 7 scaling, then the result is defined |
\m#; .0 to have the same scaling. o
, 1471 . MIN{o) - e minimum of all elements of a. 5
r , S If o is FIXED, then the scaling of .
N : the result is undefined. ‘ .
3 PROD (o) - ) product of all elements of a. |
‘ IF o is FIXED then the scallng of - ‘§
- the resulr is undetlned. : o :
: - |
i SUM (o) ' sum of all elements of a. |
Lo . If & is FIXED with a defined scal-. |
k ) . . : ‘ , 1ng then the scaling of the result !
P . : - the same. S LN !
E c-10 « o = 54;
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SIZE FUNCTION

Name, Argument o ’ Comments
¢y B X

One of the following must hold:

B
S KN
s

e a is an unsubscripted arrayed
) variable with a one-dimension-
‘” : al array specification -

g : function returns length of

; T SIZE(a) array. ‘ O

® a is an unsubscripted major
© structure with a multiple
“ copy specification -
) = function returns number of
i V copies. i
' e « is an unsubscripted
structure terminal with a

. L one-dimensional array speci- .
/i e R ' fication - function returns ° —_—
leggth of array.

T -

= e

Result is ofggnteger type ‘ .

‘A
[N

B T . T

Q&
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D. STANDARD CONVZZRSION FORMATS

Inoreleatively limited circumstances HAL/S“allows conversion
between scalar, integer, bit and character types. The follow-
ing rules govern such conversions. -

3

CONVERSIONS TO INTEGER TYPE: ﬁ

0 <

. ® A bit type is converted to 1nteger type by regarding it

"as the bit pattern of a signed integer of the desired
precision (haltwond or fullword). Left padding w1th
" binary zeros, or left truncation may occur.
® A scala: type is converted to integer type by rounding
to the nearest whole number. Overflow errors may ogcur
if the absolute value of the scalar, type is too large
to be represented as’ an integer of the desired precision.

® % fixed type may be converted to an integer only by
~using the INTEGER conversion function. The.- specified
 staling is performed and the resultant ‘number is rounded
' to the nearest integer. . : 0
® A character type is convertible to integer type only
: if its value represents a 51qned whole number (e.g.
'-604!, otherwise an error condition occurs. An error
copdition also occurs if the whole number is :too large
.to be represented as an integer of the desired precision.

I

CONVERSIONS TO SCALAR TYPE: :

® An integer type is converted directly to scalar form.
Depending on the implementation, and the precisions, R
some decimal places of accuracy may be lost during conver- -
sion. .

® A bit type is converted to scalar type by first convertlng
it to double precision integer type according to the rule
prev1ously given, and then applying the integer to scalar
conversion. .

@® A character type is convertible to scalar type only if

its value represents a legal scalar- or integer-valued
literal (e.g. '-1.5E-7'). .See Section 2.3.3 for ‘details of
arithmetic 11terals. Other values cause error conditions
to arise.

[ ) A fixed type may be converted to a scalar only by using

the SCALAR conversion function. The specified scaling

is performed and the :xesultant number is then converted
to internal scalar format Some prec151on may be lost

during conversion.. ®

2

147

137

e amas s

141

1

147

L e ik i

Ul B T e e s w0



s T s a0

To

CONVERSlONS TO FIXED TYPE:

A bit type is converted to fixed type by régarding

it as the bit pattern of a signad fraction of the desired
precision. Left padding with binary -zeros or left trun-

cation may occur. Padding or truncation have the dffect

of a scaling operation. . , N °

A sc¢alar type is converted to flxed type by performlng .
any specified scaling and then transforming the internal-
representation from scalar to fixed form. The value

of the scaled number must lie bétween -1 and 1.

An integer type is converted to fixed type by performing
any specified scaling and then transforming the internal
representation to fixed form. The value of the scaled
number must lie between ~1 and 1,

A bhatacter typé is convertible to fixed type only if
its value represents a signed number which will lie in the
range -1 to 1 after scaling. ‘ o

L

CONVERSIONS TO BIT TYPE'

| ¢
)
147 }
.
°
"1148 |

A

An 1nteger or fixed type is converted to.a bit string of
maximum length. The value is the bit pattern of the integer.
A scalar type is first converted to double precision

integer type according to the rule already given, and the
integer to bit conversion zules are then applied,

A character type is convertible to bit type only if its

- value is a string of 'l's and '0's, and blanks, (but not
. all blanks), otherwise an error condltlon arises. .;The .

result of the conversion is always a maximum length bit :

' string, irrespective of the argument type. If the argument
" has more then N bits, where N is’the maximum allowable length

of a bit operand, then only the N right-most are used. If
the argument has fewer than N bits, the string is padded on
the left with binary zeros. '

A
e

i
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A scalar type is converted to the representation :

I

O

('ﬁ) CONVERSION TO CHARACTER TYPE:
R/
®

An integer type 1s converted to the representation i

dddd (positive)
-dddd (negative)

where dddd represents an arbitrary number of decihal
digits. Leading zéros are suppressed yielding a variable
length result.

¥d.ddddexdd (positive)
-d.dddgEtdd (negative)

(except scalar 0 is converted to 0.0). . =

The number of decimal digits d in the fractional part and
exponent are implementation and prec151on dependent. The
digit to the left of the decimal point is non-zero. There
are no imbedded blanks. Leadinyg zeros in the exponent are
not suppressed. The representatlon includes a leading 3!
blank (B) if the scalar is positive. 1In all cases, the re-

~sult is fixed in length.

A fixed is converted to chracters using the CHARACTER
conversion functlon. After the specified scaling ,is performed,
the conversion iS performed accordlng to the same’rules as

for scalars. %

Comy
A kit type is converted to a character string of 'l's and

'0's,coxrresponding to tiie binary representatlon of the bit
string argument. :

)

/

‘147




. OUTPUT FORMATS

(ﬁ} . “ E. STANDARD EXTERNAL FORMATS

Corresponding to each data type there exists a "standard

external format” for the representation of its values on

sequential I/O files. In any implementation the standard
external formal on output is fixed; on input thg user has
a certain flexibility in the format he can use.

e
//

& : ' Y

1. Integer Type: ‘e“ Jﬁ‘

e The value of an integer is represented by a
string of decimal digits, preceded if it is negative
by a - sign. Leading zeroes are suppressed.

e The string of digits is right justified in a field

of fixed width. The width depends on the implemen-
tation, and on the precision of the integer.

2. Scalar Type:

{Mf e If the value of 2 scalar is positive it is represented
by

ﬁd.dddddddEidd)

where d represents a decimal digit. One non-zero
digit appears bs2fore the decimal point. The numbers
of digits in the fractional part and exponent are
fixed, and depend on the implementation and the
precision of the scalar. Leading zeroes in the -
exponent are not suppressed. The representation
includes a leading blank (ﬁ). : :

e A negatlve ‘value has the same form except that a - sign
precedes the first decimal digit.

e If the value is exactly zero, it is represented as
000. )

® The representatlon of a scalar is contained in a field: u/

of fixed width. The width is dependent on the imple- g

mentation and the precision of the scalar. Justifica-
. tion is such that the decimal point occupies a fixed,
pre0151on dependent p051tlon in the field.
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4. Bit Type(including BOOLEAN) :

{

- 3. Fixed Type 5
: ® The value of a fixed is represented by a string of

digits preceded by a decimal point and a minus sign
if the number is negative. 4

The string of digits is contained in a field of fixed
width., The width depends upon the 1mplementat10n and
the precision of the FIXED. Justification is per-
formed so that the decimal point occupies a fixed
position in the field.

(TN

J’

e

There are two different representations of values of.
bit variables.

The first representation consists of“a,strlng of
blnary digits corresponding to the bit variable. Lead-
1ng blnary'zeros are not suppressed. The field width
is equal to the number of binary digits in the string
plus an inserted blank following every fourth digit

(to enhance readability). This form is not compatible
;Wlth the READ input (see Section 10.1.1). .

\

In the alternate representatlon, the strlng of binary
digits plus inserted blanks is enclosed in the apostro-
phes. The field width is equal to the total of the
number cf digits, blanks and two apostrophes.

5. Character Type:

NOTE:
types

There are two different representations of values

of character variable#}

The first representation merely consists of the
string of characters comprising the value. The

field width - is equal to the number of characters

in the string. This representation is not compatible
with READ input (see Section 10.1.1).

In the alternate representatlon, the string of
characters is enclosed in apostrophes, and all
‘internal apostrophes are converted to apostrophe
pairs.  The field width is equal to the total number
of characters in the string, including added
apostrophes.

The two alternate representations for bit and character
occur on paged avF upaged output respectlvely. At

//
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INPUT FORMATS
Scalar,xInteger, and Fixed Types:

1.

Q

Q

There are three basic representat_ons, whole~number,
floatlng-p01nt, and fraction. "o

The whole number representatlon consxsts of a strlng

of decimal digits preceded by an optlonal
maximum number of digits allowed is implementation

dependent.

® The floating-point representation is either .

&

dad.dddd

or

oy
s

- (E
dddd.ddda {B] tdd

~ where d is a decimal digit. Any number of digits

is allowed in the mantissa to an implementation
dependent maximum. The decimal .point may appear in
any position. ' E,B, and H represent the _exponent
digits to bhe powers of 10,2 and 16 respectlvely

A choice of one is 1ndlcateu. The maximum number of
digits in the exponent is implementation dependent.
For bit and integer types, the representation is
rounded to the nearest integral value. For bit
types the binary :epresentatlon of the result is

taken.
i

@ The floatlng;p01nt representation may be prefixed

2.

by + of - signs to indicate the sign of the value.
Without such prefix the value is pOSLthQ.V

Character Type-

® The representatlon of character type is a string
of characters from the HAL/S extended set enclosed
in apostrophes. The number of characters may vary
between zero (a "null string"”) and an impleméntation
dependent maximum. Within the string apostrophes
must be represented by an apostrophe pair.

o A J
g 7

Conversion to mantissa-exponent form takes
place for scalar types. (
. o pe]

s

'-' sign. The

‘147
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' 3. Bit Type: () ;

The representation of bit type is a string of 'l's and
. '0's enclosed in apostrophes. Imbedded blanks are
N - ignored. The number of digits may vary between one and
an implementation maximum.
£
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s , © F. COMPILE-TIME COMPUTATIONS .

References are made in the text to expressions which must be

computable at compile time. In particular the followingo

constructs make use of them:

e
° deqlargtlbn of dlﬂe9510n57 S T I
@ initialization; |
e subscripting. s “
"V Subsets of. arithmetic, it, and character . express;ons are
guaranteed to be computable at compile time. =
ARTIHMETIC EXFRESSIONS (see Section 6.1.1) . «
"1. <arith exp>s of integ(r,iécalar, and fixed type l}47
-only can be computable‘at compile time. '
2. The operators of such <arg§h exp>s are limited to:
18} i \
N
- \\ ’ IO) . ez )
“<> (multiply) ' ' 5
/ N\
*x "
@ (scaling)
147
. @@ (scaling) ‘

3. The <arith operand>s“of such <arith exp>s may either ,
be <number>s or unarrayed unsubscripted simple variablesl | j
6f integer, scalar, or fixed type. Such variables i147?
must previously have been declared, and initialized I
using the CONSTANT -form. P
(See Section 3.8.) l;154
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CHARACTER EXPRESSIONS (see Section 6.1.3)

1.

2,

< il

4. The follow;pg built-in functions gre‘also legal:
) _SIN  EXP °  DATE
a &COS LQG CLOCKTIME
' Ay SQRT .
DATE and CLOCRTIME are only computed at compile ¢ime if <
they %ﬁpea: in an <initialization> construct.
BIT.EXPRESSIONS (see Section 6.1.2) ‘ - s
1. The operators which may appear in <bit exp>s computable

at compile time are: '
- : ’ 4
&

" D

The <bit operand>s of such <bit exp>s must be either

<bit literal>s or unarrayed unsubscripted simple variables

of bit type., Such varlables must previously have been

declared, and initialized using the CONSTANT ﬁoxmw),;
)

‘The catenation operator (||) only may appear in <char exps>s
computable at complle time.

The(<char operand>s of such 2char exp>s must be either
<”har literal>s, <arith exp>s computable at compile time,
or unarrayed unsubscrlpted simple variables of character
type. Such variables must previously have been declared,
and initialized using the, CONSTANT form.

some 1mplementatlons, additional forms may also be computed
‘compile time. They will not, however, be regarded as legal
contexts where compile time computability is enforced

antically. ]
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5 Appendix G . B ‘
- O Working Grammar
I - - , Y
N ' oy o " \/\7
b o \Lb‘é i &
SRR 7
,
;\ - . EDITED GRAMMAR ) '
X 5
SR '
L
} 3 1 <COMPILATION> ii= <COMPZLE LIST> _I_ ‘.
| 2 <COMPILE LIST> i= <BLOCK DEFINITION>
3 | <CONPILE LIST> <BLOCK DEFINITION>
- & <ARITH EXP>/iiz <TERM> )
i 5 | ¢ <TERM> :
b / é . | = <TERM> .
' 7 ks | CARITH EXP> & <TERW>
i s i | <ARITH EXP> - <TERM> o
e 5
b 9  <TERM> ii= <PRODUCT>
o 10 | <PRODUCT> / <TERH>
F - 11 <PRODUCT> i:iz <FACTOR> ' "
B 1@ | <FACTOR> ® <PRODUCT
| i 13 | <FACTOR> . <PRODUCT>
' 14 | <FACTOR> <PRODUCY> =
I 15 <FACTOR> = <PRIMARY>
FL ' ‘ ) s 1 SPRINARY> S¥¥% SFACTORY
‘ 17 <W> iz AN
'y A
- (* ’ 18 <FRE PRIMARY> 11z { <ARYTH.EXP> )
° 19 | <NUMDER>
L 20 ~ [ <COMPOUND NUMBER®
21 CARIVHCFUNC HEAD> ti= €ARITH FUNC>®
\ : o2 | <ARITH CONV> <SURSCRIPT>
| \ &3 <ARITH CONV> :iS INTEGER -
b . 24 | SCALAR
25 } xagon
TR 26 ATRIX
L o7 7 | FINED
A 28 | VECTORF
a - 29 | NATRINF
e 30 <PRIMARY> itz <ARITH VAR® e o
\ 31 <PRE PRINARY> :iz CARITH FUNC HEAD> { <CALL LIST> )
; RRT f12 <MODIFIED ARITH FUNG>
| ARITH INLINE DEF> <BLOCK BODY> <cmsms> ;
- | <ERE PRIMARY> o
- | <PRE PRIMARY> <QUALIFIER>
36 <OTHER STATEMENT> iz <ON PHRASE> <STATEMENT>
37 = | 4YF STATEHENT>
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: OF POOR QUALITY
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l\<lAeEL DEFINITION> <OTHER STATEMENT>
<STATEMENT> 1= <BASIC STATEMENT> ) 0
| <OTHER STATEMENT>
<ANY STATEMENT> ti= CSTATEMENT>
| ‘tBLOCK DEFINITION>

<BASIC STATEMENT> ::

g

:
CLABEL DEFINITION> <BASIC STATEMENT> |
<ASSIGNMENT> §

EXIT ;

EXIT <LABEL> ;

REPEAT ; ) A
REPEAT <LABEL>";- " i
G0 TO <LABEL> ;

S
— a—— ] T

\

»
<CALL KEY> 3}
) <CALL KEY> { <CALL LIST> ) 3}
I ¢CALL KEY> <ASSIGN> { <CALL ASSIGN LIST> )
<CALL KEY> { <CALL LIST> ) <ASSIGN> ( <CALL ASSIGN LIST> ) 5

RETURN 3 .
] RETURN <EXPRESSION> 3}

<DD GROUP HEAD> <ENDING> ;
<READ KEY> 3} .

<READ PHRASE> 3 Q

<HRITE KEY> ;

<KRITE PHRASE>

<FILE EXP> = <EXPRESSION> ;3
QVARTABLE> = <FILE EXP> 3 , T : .
<HAIT KEY> FOR DEPENDENT ;

<MAIT KEY> <ARITH ENP> 3

<WAXT KEY> UNTIL <ARITH EXP> }
| <HAIT KEY> FOR <BIT EXP> ;

<TERMINATOR> 3} .

Vi oy ains o

<TERMINATOR> <TERMINATE LIST> } 7
UPDATE FRIORITY TO <ARITH EXP> ; 7

. UFDATE FRIORITY <LABEL VAR> TO <ARITH EXP> :j/
<SCHEDULE FHRASE>» C

<SCHEDULE FHRASE> <SCHEDULE CONTROL> ;

<SIGNAL CLAUSE> ; .

SEND ERROR <SUBSCRIPT>

<ON CLAUSE> ;

<ON CLAUSE> AND <SYGNAL CLAUSE> ; o
OFF ERROR <SUBSCRIPT> 3

<% MACRD NAME>

] <# MACRO HEAD> < MACRO ARG> ) ;

<7 MACRO NAME> (

<7 MACRO HEAD> iz
’ .| <Z MACRO HEAD> <2 MACRO ARG> ,

4

S ¥ 4 NACRO ARG> 3= <NAME VAR>

| <CONSTANT> /

= <BIT VAR> j
| <LABEL VAR> ,

| -<EVENT VAR> 0

| <BIT CONST> _

| ( <BIT EXP> ) : /

| <MODIFIED BIT FUNC>

| .<BIT INLINE DEF> <BLOCK BODY> <FiOSING> H

A . /
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°
9

9% <D!T FUNC HEAD> ::x <BXY FUNC>
9s

| <SUBBIT NEAD> <EXPRESSION> ) -
| SBIT FUNC HEAD> ( <CALL LISV A

| BIT <suB OR quALxrttn>

9% <BIT CAT> iix <BIT ‘PRIN> #

J <BIT CAT> <CAT> <BIT raxr>

] <ROT> <BIT PRIN> ’
| <BIT CAT> <CAT>XNOT> <alr PRI

o
100 <BIT FACTOR> :ix <BIT CAT>

97
o8
»

5 10[‘
102 <BXT EXF> 135 <BIT FICYOR>

| <BIT FACTORY> <AND> <BIT CAT}~ o

R

103 | [ <BIT EXP> <OR> <BIT FACTOR>
. e ¥
104  <RELATIONAL OP> ji= x 23 i
105 I <NOT> =
108 } < el 7
107 I >
108 | <=
109 o {»=
310 | <NOT> <
1 I <NOT> >

112 <COMPARISON>

13 |“<CRAR EXP> <RELATIONAL OP> <CHAR EXP>

114 | <BIT CAT> <RELATIONAL OP> <BIT CAT>

115 | <STRUCTURE EXP> <RELATIONAL OP> CSTRUCTURE EXP>
116 l <NAHE EXP> <RELATIONAL Op> <NAHE E\P>

117 <RELATIONAL FACTOR> ::i= ZREL FRIWG \\

1na

.
-

°

= <ARITN ENP> SRELATIONAL OP> <ARXTN EXP>

1, <RELATIONAL FAGTOR> <ANO> <REL PRIM>

119  <RELATIONAL EXP> :i= <RELATIONAL FACTOR>

120

121  <REL PRIM> 3t= ¢ <RELATIONAL EXP> 1}

| <NOT> { <RELATIONAL EXP> ) o
| 2COMPARISON® .

182
123

124 O <CHAR P«
12 7 /
2{./ 4
127
28
1EQ

i

N
|
} <CHAR INLINE DEF> <BLOCK BODYV> <CLOSING> 3
|

| <RELATIQNALstP) <OR> <RELATIONAL FACTOR>

]

)

SCHAR VAR>» s
SCHAR CONST>
<MODIFIED CHAR FUNCY

CCHAR FUNC HEAD> t <CALL LIST> )
{ <CHAR EXP> )

)

{
130 <CHA§5FUNC'NEAD 11z CHAR FUNG> “

| CHARACTER <SUS OR QUALIFIER> !

132 <SUB OR QUALIFIER> ::= <SUBSCRIPT>

133

134 <CHAR EXP> ii=

| <BIT QUALIFIER>
<CHAR PRIM>

| <CHAR EXP> <CAT> <CHAR PRINM>.
| <CHAR EXP> <CAT> <ARITH EXP>

[
|

<ARITH EXP> <GAT> <ARITH EXP?
SARITH EXP> <CAT> <CHAR PRIM>
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172
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177
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CASSIGNMENT> 3= <VARIABLE> <x1> <EXPRESSION>  °
1° $VARIABLE> ; <ASSIGRMENT> 5
D
<IF STATEMENT> ttx <IF CLAUSE> <STATEMENT> , . o
| <TRUE PART> <STATEMENT> .

<TRUE PART> :i% <IF CLAUSE> <BASIC STATEMENT> ELSE

<IF CLAUSE> :i= <IF> <RELATIONAL EXP> THEN &
: | <IF> <BIT EXP> THEN &

<IF> tiz IF

<D0 GROUP HEAD> ::= DO §

DO <FOR LIST>c; o

00 <FOR LIST> <HHII.E CLAUSE> A

D0 <WHILE CLAUSE> ; e
00 CASE <ARXTH EXP> } . o

<CASE ELSE> <STATEMENT> -

<00 GROUP HEAD> <ANY SYATEMENT>

<D0 GROUP HEAD> <TEMPORARY STMT>

<CASE ELSE> ::= DO CASE <ARITH EXP) : ELSE )
<HHILE KEV> 3= WHILE @ e | .
| UNTIL <4f’{/// :

e

<WHILE CLAUSE> ::= <UNILE KEY> <BIT EXP> .
n ) <MHILE KEY> <RELATIONAL EXP>

<Fon'ixsr> 11z <FOR KEY> <ARITH EXP> <ITERATION CONTROL>
| <FOR KEY> <ITERATION BODY> e
.3 © .
<1r:nuvx0n BODY> ii= <ARITH EXP> :
| <ITERATION aonv> » <ARITH EXP>

<ITERATION CONTROL> 3i= TO <ARITH EXP>
| TO <ARITH EXP> BY <ARITH EXP> o
<FOR KEY> 3= FOR <ARITH VAR> =
| FOR TEMPORARY <IDENTIFIER> =
CENDING> iz END !
| END <LABEL>
| <LABEL DEFINXTION> <ENDING>

<ON PHRASE> ::= ON ERROR <SUBSCRIPT>

<ON CLAUSE> :3= ON ERROR <SUBSCRIAT> SYSTEM i
| ON ERROR <SUBSCRIPT> IGNORE .

<SIGNAL CLAUSE> :i= SET <EVENT VAR>
| RESET <EVENT VAR>
| SIGNAL SEVENT VAR>

.J‘/}

e

2FILE EXP> i3z <FILE HEAD> , <ARITH EXP> )
<FILE HEAD> :i= FIL"( <NUNBER>
<CALL KEY> := CALL <LABEL VAR> )
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181

182
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184
185
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189
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191
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193

s

<NAME VAR 3@

%

. A
<CALL LIST> :1:x <LIST LXP> I
| <CALL LIST> , <LIST EXP> 0

=

<CALL ASSIGN LIST> = <VARIABLE>
] <CALL ASSIGN LIST> , <VARIABLE>

<EXFRESSION> 1iS <ARITH EXP>
| <BITEXR> o
| <cHAR EXNP>

: <STRUCTURE EXP>

<NANE EXP> /

<STRUCTURE EXP> :i= <STRUCTURE VAR>

| <MODIFIED STRUCT FUNC> s

| <STRUC INLINE UEF> <BLOCK BODY> <CLOSING> ;
$4STRUCT FUNC HEAD> { <CALL LIST> )

<STRUCT FUNC FiEADS 1= <STRUCT FUNC>

<LIST EXP> 1= <EXPRESSION> .
| <ARITH EXP> ® <EXPRESSION>

<ARITH VAR>

<STRUCTURE VAR>

<BIT VAR>

<EVENT VAR>

<SUBBIT HEAD> <VARIABLE> )

<CHAR VAR> P
<NAME KEY> { <NAME VAR> )

= <VARIABLE>
| <LABEL VAR>

= <HODIFIED ARITH “FUNC>
|

|

<VARIABLE>

R SS——]

<MODIFIED BIT FUNC>
| <MODIFIED CHAR FUNC>
<MODXFIED STRUCT FUNC>
<NANE ENP> ti= <NAME KEV> { <NAME VAR> )
| NULL :
| <NAME REY> { RULL ),

<NAME KEY> 1:= NAME
<LABEL VAR> :i= <PREFIX> <LABEL> <SUBSCRIPT>

+<MODIFIED ARITH FUNC> ii= <PREFIX> <NO ARG ARITH FUNC> <SUBSCRIPT>

<MODIFIED BIT FUNC> 3= <PREFIX> <NO ARG BIT FUNC> <SUBSCRIPT>
<HODIFIED CHAR FUNC> ::= <PREFIX> <NO' ARG CHAR FUNC> <SUBSCRIPT>

<HODIFIED STRUCT FUNC> ::= <PREFIX> <NO ARG STRUCT FUNC> <SUBSCRIPT>

<

<STRUCTURE VAR> iz <QUAL STRUCT> <SUBSCRIPT>
CARITH VAR> 1:= <PREFIX> <ARITH 0> <s(BSCRIZTS

<CHAR VAR> tiz ¢PREFIX> <CHAR 1D> <SUBSCRIPT>
<BIT VAR> :i= <PREFIX> <BIT 10> <SUBSCRIPT>
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72
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o

222  <EVENT VAR> t:iz <PREFIX> <EVENT 10> <SUBSCRIPT> N
223 <QUAL STRUCT> ::z <STRUCTURE 10> -
224 | <QUAL STRUCT> . <STRUCTURE 10>
225  <PREFIX> 3:x
226 | <QUAL STRUCT> .
227  <SUBBIT HEAD> ::= <SUBBIT KEY> <SUBSCRIPT> (
)
228  <SUBBIT KEY> iz SUBBIT,
229  CSUBSCRIPT> :3= <SUB HEAD> )
230 = | <QUALIFIER>
2n | <$> <NUMBER>
232 | <$> <ARITH VAR>
233 by
236 <SUB START> ::z <#> (
235 | <85 ( 9 <PREC SPEC> ,
236 | <$> ( 3 <FREC SPEC> , <SCALING> ,
237 | <#> ( <SCALING> ,
238 | <SUB HEAD> ;
239 | <SUB HEAD> :
240 _ | <SuB HEAD> ,
AN
241  <SUB HEAD> :3= <SUB START> . N
242 o ] <SUB START> <suB> . °
243 <SUB> tiz <SUB EXP>
244 | »
245 | <SUB RUN HEAD> <SUB EXP>
264 | <ARITH EXP> AT <SUR EXP>.
247  <SUB RUN HEAD> ::= <SUB EXP> TO '”
248  <SUB EXP> ::= CARITH EXP>
249 | <% EXPRESSION>
250 <% EXPRESSION> ::= &
251 | <% EXPRESSION> & <TERM>
252 | <% EXPRESSION> - <TERM>
253  <=1> iz = °
256 <#> iz ’
o 255 <AND> iz g
256 1 AND
257 <OR> ::= |
258 I or )
/
259 <NOT> 3= s o -
260 /I NOT
Q2
= 261 <cn~/= 1= e
262 771 car .
263  <QUALIFIER> ::i= <$> ( 9 <PREC SPEC> )
i
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A | <$> ( <SCALINGI/ )
[ <$> ¢ 9 <PREC svsc>/. <SCALING> )
<SCALE HEAD> ::2 3 o e
199

<SCALING> ::x <SCALE NEAD> <ARITH EXP>
<BIT QUALIFIER> ::x <$> ( 9 <RADIX> )

<RADIX> :iT HEX
| oct
| BIN
| DEC °

Q . ‘ ;
<BIT CONST HEAD> iz <RADIX> ; o
| <RADIX> ( <NUMBER> )

<BIT CONST> ::= <BIT CONST HEAD> <CHAR STRING>
| TRUE
| FALSE
| oN
| OFF
<CHAR CONST> ::z <CHAR STRING>
. | CHAR ( <NUNBER> ) <CHAR STRING>
<I0 CONTROL> ::= SKIP ( <ERITH EXP> )
| TAB ( <ARITH EXP> )
| COLUMN ¢ <ARITH EXP> )
| LINE ¢ <ARITH EXP> )
| PAGE ( <ARTTH EXP> ) =

<READ PHRASE> ::= <READ KEY> <READ ARG>
| <READ PHRASE> , <READ ARG>

<WRITE PHRASE> :i:= <HRITE KEY> <WRITE ARG>
| <KRITE PHRASE> , <WRIYE ARG>

= <VARIABLE>
| <I0 CONTROL>
| <READ FORMAT LIST>

<READ ARG> ::

<VARIABLE IN> ::= <VARIABLE> IN

<READ FORMAT LIST> ::= IN <CHAR EXP> é\
) | <VARIABLE IN> <CHAR EXP> S
’ f { <CALL ASSIGN LIST> ) IN <CHAR EXP>
<WRITE ARG> ::= <EXPRESSION>
. | <I0 CCHTROL> . i
! <WRITE FORMAT LIST> s

<WRITE FORMAT LIST> ::= IN <CHAR exe>
| <EXPRESSION IN> <CHAR EXP>
| <HRITE FORMAT LIST BEGIN> <CHAR EXP>

<EXPRESSION IN> :3= <EXPRESSION> IN

<WRITE FORMAT LIST BEGIN> ::i= <WRITE FCRMAT LIST HEAD> <EXPRESSION» ) IN

o
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" <BLOCK STMT HEAD> ::

TR . TP

R TR 2R e

o

¥
y
<NRITE FORMAT LIST HLAD> ::x ( <EXPRESSION> ,

i 1 <WRITE FORMAT LIST NEAD> <EXPRESSION> »

<READ KEY> ::= READ ( <ARITH EXP> )
. e | READALL ( <ARITH EXP> )

<HRITE KEY> ::= WRITE ( <ARITH EXP> )
<BLOCK DEFINITION> ::= <BLOCK :STMT> <BLOCK BODY> <cLos§Ns> 3
<BLOCK BODY> ::x

| <DECLARE GROUP>

| <BLOCK BODY> <ANY STATEMENT>

<ARITH INLINE DEF> ::= FUNCTION <ARITH SPEC> ;
| FUNCTION § ..

<BIT INLINE DEF> ::x FUNCTION <BIT SPEC> ;
<CHAR INLINE DEF> ::= FUNCTION <CHAR SPEC> 3}
<STRUC INLINE OEF> ::= FUNCTION <STRUCT SPEC> ;

<BLOCK STMT> :i= <BLOCK STMT TOP> ;

<

i

<BLOCK STMT TOP> ::= <BLOCK STMT TOP> ACCESS
| <BLOCK STMT TOP> RIGID
| <BLOCK STHMT HEAD>
| <BLOCK STMT HEAD> EXCLUSIVE
| <BLOCK STHT HEAD> REENTRANT
<UABEL DEFINITION> ::= <LABEL> ¢ : ,
(SLABEL EXTERNAL> ::= <LABEL DEFINITION>

| <LABEL OEFINITION> EXYERNAL

= <LABEL EXTERNAL> PROGRAM

| <LABEL EXTERNAL> COMPOOL

| <LABEL DEFINITION> TASK

| <LABEL DEFINITION> UPDATE

| UPDATE

| <FUNCTION NAME>

| <FUNCTION NAME> <FUNC STMT BODY>
| <PROCEDURE NAME> :

| <PROCEDURE NAME> <PROC STMT BODY>

<FUNCTION NAME> ::= <LABEL EXTERNAL> FUNCTION
<PROCEDURE NAME> ::= <LAB€L EXTERNAL>™ PROCEDURE

<FUNC STMT BODY> ::= <PARAMETER LIST>

<TYPE SPEC>
<PARAMETER LIST> <TYPE SPEC>

<PROC STMT BODY> <PARAMETER LIST>
’ <ASSIGN LIST>

<PARAMETER LIST> <ASSIGN LIST>

f

<PARAMETER LIST> ::= <PARAMETER HEAD> <IDENTIFIER> )
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- 348 <PARAHETER HEAD> -£1=2 “ o 5
y 349 <1 <PARAMETER ﬁEAn¢ ~xaeurxfxsne , |
# ‘350 <ASSIGN LIST> iz <ASSIGN> <PARAHE;E§‘£I§T> g
nsi 351  <ASSIGN> :ix ASSIGN }
2‘. " ’ :
g 352  <DECLARE ELEMENT> i3z <DECLARE STATEMENT> O G :
N . 353 | ‘<REPLACE STHT> ; j'
> : 354 ‘ : | <STRUCTURE, STHT> _ ; 3
‘ a | & 355 | EQUATE EXTERMAL <IDENTIFIER> TO <VARIABLE> ; §
1 N ;
| 356  <REPLACE STMT> ::= REPLACE <REPLACE HE([:> BY <TEXT> ;
‘ ! 357  <REPLACE HEAD> ::= <IDENTIFIER> 5
[ . | 358 | <IDENTIFIER> ( <ARG LIST> ) , 4
i : ::41 ’ ' o j
] | ' 359 <ARG LIST> 1iz <IDENTIFIER> ¢
% g 360 | <ARG LIST> ) <IDENTIFIER>
5 ; 361  <TEMPCRARY STMT> ::= TEMPORARY <DECLARE BODY>
]
! 362  <DECLARE STATEMENT> ::= DECLARE <nscLARE~eoov> ;
‘ § 363  <DECLARE BODY> ::= <DECLARATION LIST> :
: : 364 | <ATTRIBUTES> , <DECLARATION LIST>
o | 365 <DECLARATION LIST> ::= <DECLARATION> |
, : 366 P @ | <DCL LIST ,> <DECLARATION> 9 P2
l ; TG , i R S
i f 367 <DCL LIY (s ?i <DECLARATION LIST> , ,
! L 368 <DECLARE GROUP> t:= <DECLARE ELEMENT>
: = 369 )| <DECLARE GROUP> <DECLARE ELEMENT>
: v i<‘x\ 370  <STRUCTURE STHT> :?%msgauctuns <STRUCT STMT HEAD> <STRUCT STHMT TAIL> j
I N :
371 <STRUCT STHT HEAD> ::= <IDENTIFIER> : <LEVEL> . ;
372 . | <IDENTIFIER> <MINOR ATTR LIST> @ <LEVEL> i
- 373 . ! <STRUCT STMT HEAD> <DECLARATION> , <LEVEL>
=
374  <STRUCT STHMY TAIL> ::= <DECLARATION> ; ) G

§ 375 <STRUCT SPEC> :i= <STRUCT TEMPLATE> <STRUCT SPEC BODY> =«
‘ 376  <STRUCT SPEC BODY> :i= - STRUCTURE

| 377 | <STRUCT SPEC HEAD> <LITERAL EXP OR #> )
T 378  <STRUCT SPFEC HEAD> ::= - STRUCTURE ( o :

. 379  <DECLARATION> ::= <NAME ID> .
380 | <NAME ID> <ATTRIBUTES> :
2 . :
381  <NAME ID> ::= <IDENTIFIER> - :
382 1 -<IDENTIFIER> NAME ;
"= 383 <CATTRIBUTES> ::i= <ARRAY SPEC> <TYPE & MINOR ATTR> %
386 | <ARRAY SPEC> i
385 | <TYPE & MINOR ATTR> i
[ ] @ /;’7 4
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, {
z 386  <ARRAY SPEC> :ix CARRAY HEAD> <LITERAL EXP OR i> ]

87 . | FUNCTION
| . 388 | PROCEDURE
| . 389 - | PROGRAM
= 390 | TASK 6?9 .
! 2 i L
' 391 |, <ARRAY HEAD> :iz ARRAY ( o
; 392 | <ARRAY HEAD> <LITERAL EXP OR %> ;
| 393 <TYPESS MINOR ATTR> 3= <TYPE SPEC>
| 39 | <TYPE SPEC> <MINOR ATTR LIST>
g 395 I <HMINOR ATTR LIST>
!
| 396  <TYPE SPEC> ::= <STRUCT SPEC>
| 397 | <BIT SPEC>

398 | <CHAR SPEC>

i 399 ] <ARLTH SPEC>

! ' 400 | EVENY
Z 401  <BIT SPEC> ::i= BOOLEAN . “

402 | BIT ( <LITERAL EXP OR #> )

403  <CHAR SPEC> ::i= CHARACTER ( <LITERAL EXP OR %> )

_ 404  <ARITH SPEC> ::= <PREC OR SCALE>
o 405 { <SQ DQ NAME>

406 <5Q DQ MAME> <PREC OR SCALE>
407 <SQ DQ NAME> ::= <DOUBLY GQUAL NAME HEAD> <LITERAL EXP OR #> )
408 . | INTEGER
409 | scatan
° 410 | VECTOR
411 | MATRIX
412 | FIXED
413 | VECTORF
414 | MATRIXF
415  <DOUBLY GQUAL NAME HEAD> ::= VECTOR ! ,
416 | MATRIX ( <LITERAL EXP OR ®> ,
417 : | VECTORF ( i

418 | MATRIXF ¢ <LITERAL EXP OR %> ,

419 <FREC OR SCALE> ::= <SCALINGY

420 | <PREC SPEC>

421 | <PREC SPEC> <SCALING>
i

422  <LITERAL EXP OR ¥> ::= <ARITH EXP>
423 | *

N 424  <PREC SPEC> ::= SINGLE
AN 425 | DOUBLE
N
N 426 <ulhon ATTR LIST> ::= <MINOR ATTRIBUTE>
= 427 | <HINOR ATTR LIST> <MINOR ATTRIBUTE>
— 428  <HINOR ATTRIBUTE> :i= <MINOR ATTRIBUTE 1>
- 429 | <MINOR ATTRIBUTE 2>
i 430  <MINOR ATTRIBUTE 1> ::= STATIC
© 431 - : ) AUTOMATIC
1
i
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1 DENSE e

| ALIGNED

| ACCESS

| LOCK ( <LITERAL EXP OR ¥> )

4 REMOTVE ‘
! RIGID N
| <INIT/CONSY-HEAD> <REPEATED CONSTANT> )

| <INIT/CONST HEAD> % ) ;

| LATCHED /)

| HONHAL { <LEVEL> ) 7 '
<MINOR ATIRIBUTE 2> ::= <RANGE HEAD> <ARITH EXP> )

<RANGE HEAD> :i= RANGE (
- | <RANGE HEAD> <ARITH EXP> TO

<INIT/CONST HEAD> ;i= INITEAL ( i .
o | CONSTANT ( o , 3
| <INIT/CONST HEAD> <REPEATED CONSTANT> ,

<REPEATED CONSTANT> ::= <EXPRESSION>

| <REPEAT HEAD> <VARIABLE>

} <REPEAT HEAD> <CONSTANT> v

: <NESTED REPEAT HEAD> <REPEATED CONSTANT> )

<REPEAT HEAD>
<REPEAT HEAD> ::= <ARITH EXP> #

] }) 74
<NESTED REPEAT HEAD> :i= <REPEAT HE/D> (
| <NESTED REPEAT HEAD> <REPEATED CONSTAMT> ;.

<CONSTANT> :3= <NUMBER>
| <COMPOUND NUMBER>
| <BIT CONST> ;
| <CHAR CONST> “

<RUMBER> ::= <SIMPLE NUMBER>
| <LEVEL>

<CLOSING> :i= CLOSE
| CLOSE <LABEL>
| <LABEL DEFIMITION> <CLOSING>
<TERMINATOR> ::i= TERMINATE
| CANCEL i &
T3: 212 <LABEL VAR>
| <TERMINATE LIST> , <LABEL VAR>

<TERHINATE LIS

<HAIT KEY> = WALT

<SCHEDULE HEAD> 3= SCHEDULE <LABEL VAR> ) N
| <SCHEDULE HEAD> AT <ARITH ¥/XP>
| <SCHEDULE HEAD> IN <ARITH EXP>
| <SCHEDULE HEAD> ON <BIT EXP>

<SCHEDULE PHRASE> ::= <SCHEDULE HEAD>
| <SCHEDULE HEAD> PRIORITY ( <ARITH EXP> )
| <SCHEDULE FPHRASE> DEPENDENT

s
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477
478
479

480
%81
482
483

486
Pres

<SCHEDULZ CONTROL> ::= <STOPPING>
| <TIMING>
| <TIMING> <STOPPING> <

<TIMING> ::= <REPEAT> EVERY <ARITH EXP>
| <REFEAT> AFTER <ARITH EXP>
| <REPEAT>

<REPEAT> ::= , REPEAT

<STOPPING> ::x <WHILE KEY> <ARITH EXP>
I <WHILE KEY> <BIT EXP>
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; O | H. SUMMARY OF OPERATOWE . ' :
. & L =

N

. y |
4 N ;
This section contains a series of tables which explicitly
" summarize the possible arithmetic, bit, character, and conditional i
§ ) operators used in forming expressions in the HAL/S Language. v
The information found in this appendix has been abstracted

from chapter 6 of this specification. ;
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i
' % i;
OPERATORS NAME _, ARITHMATIC > k
‘ . " PRECEDENCE FORM ! COMMENTS |
f,\ . J Exponentiation 1 Rueny Ordinary exponentiation ’ i
' TN . | Saw. »
g « : el Ropeated Multiplication !
‘ E mE*) Identity matrix ;
: e : = Paeeei Repaated mult: of inverse ;
L \('\ mwe T Transpose of matrix < §
\\<
AN} -
] (blanksx’ <> Product 2 fmom matrix~makrix product
| ny wmatrix~vector product j
_ vm vactor-matrix product - :
[ ) vV outexr product ¢
2 I\ Xm 3
-, m X scalar or integer product i
i . ; § with matrix/vector :
: E
N\\x scalar or integer product ;
, | with scalar or integer ’ 3
] i §
. . . - -
‘ 4 * Cross Product 3 yry " eross product of two 3-vactors !
" |
. Ny - .
o . Dot Product 4 N /J Vv dot product oFf two \m?_\;tors j
O / i bivision 5 w/x division of laft-hand term i
b ’ A by scalar or integer -
i ; x/x . .
i + Addition ( X+
f . mim .Algebraic addition or o
% - 7 Subtraction TV subtraction; binary plus - oy
X=X and minus : i
m=im
-’ vy
+X
o J
| v 1
110 -x |
- (( Y -m '
-y
| The followinyg abbreviations apply: i
o : i = positive integer litexal . ]
'_ 1471 | , ) e X = scalar, integer, oxr fixed
" m = matrix L, .
: v = vector s s ]
o *Note that this table contains information found in Section 6.1.1.
H=2
i}
Wi
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LA+ o

L

H.2 CHARACTER OPERATQR*

=

5

concatenation

t )
4

H[EET] —[Fesult 7]
*Note that this table 'c?ﬁ:gips infoxfmation found in Section 6.1.3.
SRC ‘ | e 1
N ¢ \ » /(‘ \ : A . /

I <
o »( L i N

EN

H.3 BIT OPERATORS*
Q \\
OPERATOSS‘4V NAME BIT OPERATOR FORM COMMENTS 7
PRECEDENCE
TR | N | T ,
car | concatenation | 1 /s |[iioy] || pTo] — [11T01010 |
& ) .
AND } logical product 2 BsB Parallel operation bit hy bit
OR } logical sum 3 BlB * Parallel operation bit by bit
(f:\’ ; A

NOT } logical Highest implied

cofiplement by syntax "B Parallal operation bit by biv;

The follqwingyabbraviatiahs apply:
B = hit string or boolean
g

W

P
Ty

*Note that this table contains informé‘tion found in Section 6.1.2

H=-3
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7 //"v =
((\vgg

.

H.4 CONDITIONAL AND EVENT OPERATORS*

7OPERATOR NAME CONDITIONAL “FORM MMEN )
o | PRECEDENCE = _

& C&C True if both “C"s true
AND logical product 1 C AND C
| %nqicu sum 2 cle True if either "C" is true 7
OR v C OR 5
o i ) f :7\};
NoT logical “=itiqghest i+

complement implied by Operand

=\ | syntax ,
) .
The following ab/buviations apply: /&\
“C* = any conditional operand. €

*Note that this table contains information found in Sections. 6.2

and 6.3.. , x\§

2]
Ny
P H,5 COMPARISON OPERATORS* - \f :
7 _ :
v . 7
OPERATOR " usE COMMENTS _
> A>B i -
>= Ad>=B :
< A <3B magnitude comparsions: apply only to
<= A<= B . . ‘unarrayed scalar and intager cdata A and B,
-‘> -n> E
Nor> } .
~< AT<B
NOT < }
#
= | A=B /'{ ' W .
A NOT= : . equidity/inequality for general data & and B.
| NOT=y A= B . u

"

*Note that this table contains information found in Section‘6%2.
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Y The specific details of $-macro, operation as well as
the % macros available are implementation dependent. A
generic description of % macro syntax can be found in
Section 11.2 of this document.

Individual implementations of the HAL/S language .
may contain Smacro capabilities. The documentation for °
each implementation (such as a User's Manual) will contain
the detailed descr;ptzons of the available % macros.

9 o ™ = "
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’ o /I. % MACROS ’
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TN RET R Y

Bk Sy

BEPNEVEN i

i
¢

7

ACCESS

to NAME variables

2

active process

ALIGNED

o
AND

apostrophe
argument type summary (chart)

arithmetic comparison
syntax diagram #32
legal arithmetic comparisons
arithmétic conversion function
' giyﬁtax diagram #39 '
i} =
<arith ¢onversion>

arithmetic exprefsions
syntax diagrgm #24

sarith exp>

syntax diagram #24

) in subscript

in type spec
<arith exi>#
<arith inline>
arithmetic literals
<arith %-macroﬁ

<arith operand>
syntax diagram #25

arithmetic operand
arith $-macro
syntax diagram #25s

Index-1 !

[P - e A Kb,

0

3-14 to 3-21
4-15, 4-17, 4-19

11-18,11-27

8-2

4-10, 4-11, 4-15
4-17, 4-19, 4-20
11-21, 11-27

6-8, 6-9
6-14, 6-22

4-7
6-38
6-16

6-17
6-27, 6-38

TR

6f3
6-3, 6-16, 7-22
8-11 k '
6-3 _
5-12
4-22, 4-23
4~27, 6-29, 6-4
11-4, 11-8
2-8
11-6, 11-8
6-3, 6-6
11-8
7
¢

T T

RSV TS




i
1 f ¢ (AR
!
?i <arith var> .
i ) ‘ ’
Eg © ARRAY
'y ° array dimension ///f N
i § (ﬁ w
?é arrafrptoperties of expressions
;; array specification
S <array sub> .
oo 'array subscripts
[ syntax diagram #22
) 4
l Array Subscripting
&
i .
i arrayed <comparison>
o arrayed infix operations
o
' arrayed operand comparison
-
| Axrrayness
]
, Assignment statements
event variables
of NAMERidentifiers
- ASSIGN i
aiaigpmparameter o
: N If
!
asignment T )
- assignment statement .
. syntax diagram #46 2 9
2
: asterisk, use of
P i
. f L
‘,; : - .
v
i
: 5
i Index~2 g
;‘i [2)
g

-11-19 -

A\

- 5-16

Vi

4-15, 4-1%
5-17
6-132 @

4-16, 4-19, 4-20
4-2¢, 4-29, 5-17

5-7, 5-8, 5-14
5-11

4-2, 5-7, 5-14.

7-10°
6-19, 6-18
6-13 °
6-21 - .

5-17; 5-19
7-5 |
6-23, 6-25
£1-19

7-10 -
7-1 q
7—5 = » i a

4-19, 4-24, 4-25 .
4-27, 4-30, 5-11°

(o2

:2-12

i

3




1%
v "y {M
RN oo G __:t‘(;, :
O &n | . 5-11 }
‘ﬁm <arith exp> 8-5 - z
| AT-partition 5-12, 5-13, 5-14 °
5-15 @
I <attributes> . 4-14 ‘
factored <attributes> T 4-14 i
¥ AUTOMATIC 3-17, 3-18, 3-20 {
<15 !
; (f ,
basic statement 7-2 ~ o
syntax diagram #44 =
<basic statement> 7-25 -
i . BIT 4-24, 4-29, 6-32 |
i 0 . 11-4 |
% bit argument length 6-25 i
& bit assignments 7-7 ’ i
£ . . :
| { : bit comparison : 6-18 ; }
- syntax diagram #33 / *
, )/ :
bit conversion function 6—34 ]
syntax diagram #40 : 1
<bit conversion> 6-9 e
bit expression 6-8
syntax diagram #26
<bit exp> 4-29, 6-8, 6-9 ‘
. 6-18, 6-35, 7-3
— 7-18, 7-19
‘ bit expression length 7-14 SO
<bit inline> 11-4, 11-9
* &
bit literals 2-9 i
<bit literal> 6-9, 6-10 K
n
SR Index-3
b . " ¢ o
- . i
i v ,
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J

|
s
-
b
|
o
B
b
S
r

r

|

|
M
o
!

I

bit operand \;-
: syntax diagﬁpm $27
bit inline -
bit%-macro

7

¥ syntax diagram #27s
biﬁ opéfatox precedence
<bit %-mac;;>ﬂ
<bit-pseudd var>
<bit var>

BIN

QBIN

blanks

Block delimiting statements

block name uniqueness

'Bloék Témplatés

syntax diagram #6
BNF Grammar of HAL/S

BOOLEAN

built-in functions

built-in function names
4 ’

built-in function parameters

Ry

BY

¢

Index-4

11-9

6~9
1§-6, 11-9

6-36, 7-7

. 6=-10, 6-9

2-'91 6-32
6-33, 6-35
2-14, 4-7,) 4-27

3-13 ‘G}
3-23

3-13
3-11

Appendix G

4-22, 4-24, 4-29 N

11-4

6-25711-1
Ve

2-6

6-25

7-23

ORIGINAL PAGE I
OF POOR QUALITY

W,

-~

. L o _ -

; B
PO |

o

O e i s« B e T e

B - o S




R

W T e TR T v B .
B W .
o
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CALL Sta<;;;nt

syntax diagram #47
with NAM%)
syntax ‘diagram #47s

call—bgfreference

call-by-value

CANCEL statement

syntax diagram #58

rancellation

- CAT

catenation
e

ey

channels

HAL/S character set

CHAR
CHARACTER e e

o

i::::itli;;;ﬁfzz

{/

N

&)

character

character
syntax

comparison
diagram #34

character
syntax diagram #41
<char conversion>

character expression
syntax diagram #28

argument length

conversion function

character expression length

)

<char exp>
0

character initialization

<char inline>

character length
character literal
<character literal>
<character $-macro>

("
N

Index-5"

Q

oo

7-9, 7-10
7-9 )

11-32
6-29, 7-10
6-25, 7-10

8-9
8-8

8-6, 8-7,78-8

N

- 6~8, 6~9, 6-11

6-11
10-1
2-4 W &

== 2-10

&

‘l "‘:Z ‘; ’ ‘l - :Z S’ ’ t;" E"‘
6-25, 7-10, 11-10

6-25 A
6-19

6-34

6-12

45—11

7-14

o
&

4-29, 6-11, 6-19°
6-33

4-29

11-5, 11-10

4-24 |
2-10, 4-7 g
2-10, 6-12

11-7, 11-10

iy

Vi

T
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| s o

T TR AT R T e s e

7 . »
¥ #
[ (”fi{ character operand - 6-12
\ syntax diagram #29 ’ ha
A char inline C
¢ char S-macro , i
syntax diagram #29s 11-10
character operator precedence 6-15
character string 6-11
character type 4-24
<char var> S 6~12, 7-7 -
CLOSE Statement 3-22
syntax diagram #10
CLOSE 7-13, 7-14
closing 3-4
<closing> 3-13, 3-22
code blocks ) 3';?7_ -
colon, use of £y 4-11, 5-14, 9-4 ‘
COLUMN “ “ 10-3, 10-7, 10-8 i)
comma, use of 1576 4-11, 6-12
comments (imbedded) 2-14 %
<comparison> 6-14, 6-21
<compilation> 3-2, 3-23, 7-9
Céﬁgonent Subscripting ;-%, 3-16 6;3?1
=7, - ’ - w
component subscripts 6-12
syntax diagram #22 .
<component sub> —=6=8, §=9, 6-17 i
, \4$f/& |
F= i
s
Indexéﬁ ﬁ‘
T}




|
i
|
»
|

TR S

Q

COMPOOL

COMPOOL block

_syntax diagram #5

<compool block>

COMPOOL block template

<compool ‘header>

&

éompool header statement

compool modules

<compool template>

<condition>

conditional expression
syntax diagram #30

conditional operand

syntax diagram #31

<conditional operand>

CONSTANT

conversion

conversion functions

summary of argument types

cyclic execution

<

Data declarative attributes

syntax diagr

¥,

am #15

data declarative <attributes>-

Data Manipulation

Index~7

3-2, 3-14

3-13, °3-22
3-10

4-19
3-11
3-10
3-14
3-1

4-19

6-1, 6-15, 7-4

7‘18' 7-21,

6-1
6-14

6-15

6-14

4-26
6-25

6-38

8-4, 8-6

0
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B e . -
- Data NAME identifiers ° 3\ 11-19 . .
§ 0 -1 . [y e
Data referencing ? 5rl ¢ {Ji, (.) ,
7 /r-J N s
Data Sharing and the UPDATE Block. 8~18 ;
data types 1-2 ;
DEC 2-9, 6-33 ’ i
@DEC 6-34,6-33, 6-35 j
DECLARE Statement < 4-14
syntax diagram #14
with NAME j
” syntax diagram #1l4s 11-17 -t
<declare statement> 443,H£i-420 ) .
declare group 3-4, 3-6, 4- l b
syntax diagram #11- 4-3 :
with EQUATE 5 :
syntax diagram -#115 11-42 :
<declare group> 3-12, 5-2 é
Declarations of Temporaries 11-14 z
Declaration of NAME temporaries 11-24 : g
DENSE/ALIGNED 4-17, 11-18 -
DENSE . 4-10, 4-11, 4-15 T
0 4-19, 4-20, 7-10 P
7-11, 7-12, 11-18 !
11-21, 11-22 ;
DEPENDENT 8-6, 8-11
Vi dependent processes 8-2 i
S .
DO 11-13 .
e
DO statement 7-16 -
syntax diagram #50 ;
o -
<do statement> 7-15, 7-24 ) % j
DO CASE statement , 7-17 ]
syntax diagram,#51 R |
DO...END stat;ment group 7-15 § ‘.
syntax diagram #49 ¥
Index-8 |
Sy
i
1 ) j
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@ N
DOOQ.BND 7"24’& T= 25' 7-;216-
o 1l-16 = -
DO...END statemant 11-13
o TEMPORARY statement b )
: ‘syntax diagram §495
DO FOR A 11-16
v Discrete.DO FOR Statement . ' 7-20
eyntax dxagr&m 453 2 ”
dlSCLete DO FOR ¢ 11-15 3
with loop TEMPORARY variable index ’
‘(? synta% dxAgram #53s .
A €
1terat1ve Do FOR @ 7-22
DO WHILE and UNTIL statements 7-18
syntax diagram #52 )
‘DO UNTIL 7-19
DO WHILE 11-30

DOUBLE .

double-precision

double quotes

ELSE
dangiing ELSE
ENU

END statement
syntax diagram #55

<end statement>

N

§-22, 4-23, 6-39
7-6

L

6‘16 @
0 i3 ) 4— 5

&

,7-3' 7-4, 2‘17

7-4
7-24
7-24
7-15, 7‘24V
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e e spiye

- L o \\ ki wF g i —w
A . %
EQUATE Statement o 11-40 ~
syntax diagram #80 : 11-40 (ﬁ} ol
_errors 9-1
system~defined
user-defined
error code S 9-1, 9-5, 9-7 . :
error environment_ -~ : ‘“931 . ?
error groups a %/% 9-1
Y
error number, \ - % 9-17 }
W 4 - :
Error precedence (chart) ' . 9-6
<error spec> ‘ &47 ' . 9-3, 9-4, 9-5
Error Recovery 1-2, 7-1
Error Recovery Executive (ERE) 9-4, 8-8, 9-1,
9-7 !
EVENT . 4-21, 4-22, 4-24 §
A, ‘ .  4-29, 11-14, 11-23 ;
event change point 8-5, 8-7, 8-8 :
8-14 iy
Event Control . | 4 8-14 2
fevent expression - ) 6-1 %
\  syntax diagram #36 '6-22 ;
<event exp> | §’ 6-22, 8-12 j
event infix operator precedence \  6-22, 6-23 ;
v
event operand ' 6-23 : :
syntax diagram #57 ‘
<event operand> , o ' 6-22
- <event var> , S 6-10
latched = _ , 8-15
unlatched 8-15
5 Index-10
i é;
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VP
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;

EVERY <arith exp>

. EXCLUSIVE

4

exacutable statements o

EXIT statement
syntax diagram #56

-EXIT

explicit conversion functions

expl@cit typeonnversion
exponent

<exp§nents>
exéongntiatiqn’ ) , b

<expression>

external procedure *

/

=)

extended character set

EXTERNAL

FALSE ﬁ

father
FIL]

. | ‘
<file exp>

FILE statement
syntax diagram #68

paged file

unpaged file, -

2 . Index~11l

LN

(St

8-6 -
3-16 to 3-21
7-1
7-25
7-26
6-31, 6-27, 6-28
6-32, 6-34
6-25, 6-39
7-6 7
2-8 <i%f
6-1, 7-5, 7-13
3-1
3-12, 11-40 -
2:4”
2-9, 4-29, 7-4,
,7-18, 8-15 .
8-2
10-11 B
10-10, 10-11 .
16-10
10-2
10-2
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FIXED

[ 8

147 fixed valued literals

flow control

flow of execution

flow path

format 0 =

formal parameters

FUNCTION

<function>

FUNCTION block
syntax diagram #3

<fupction block>
FUNCTION block template

s /Function header statement
“  syntax diagram #9

<function header>

~ function modules
7
' “<function template>

user defined Y

-5
GO TO

e GO TO Statement
syntax diagram #56

Index-12

2-7, 4-22, 4-23
6-28, 4-27, 6-28
6-29, 7-6

2-8

7-1
3"'5' 3"7
2-3
/3
1-4 - ¥

3-16, 3-19,4-19
4-21 :

3-2, 3-5, 3-7
3-8, 3-19, 3-23
4-21, 7-13, 11-4
11-20, 11-21

7-13

36 s

[/

‘ A
3-19, 6-<2%, 6-25

N
3311
3
3-19

i\\ i

3@}9, 4-4

3-1 o
3-12, 3-19, 6-24
6-25, 6-28

7-25, 7-26
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Hardware discretes

o)

| header statements

‘syntax diagram %17
HEX
QHEX

3

identifiers

<identifier>

identifier generation with REPLACE
identifiers with NAME attribute
IF

IF statement
syntax diagram #45

IGNORE

yimplicit conversion
implicit type conversion
i§ <arith exp>
independent processes

infix operators
{chart)

SN

INITIAL ' s
initial list

<inidial list>

g-14 ~
3-14
2-9, 6-33

6-33, 6-35

~2-5, 2-7

T,

N

J-“lﬁ Ve 3-19 ’ 4-3
4-11, 4-13, 4-28
11-40, 11-41

4-8

7
11-11 o

9-4
7-12, 7-14
6-27, 7-6
8-5
8-2

6-3, 6-4
6-4

4-26
4-26

4-30

o

. g ,
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initialization

<initialization>

. partial initialization

initialization speéification
. syntax diagram #18 -

initiation

inline function
<inline function>
syntax diagram #69
Inline function blocks
input argument
input/output

I/0 channel numbér

I/0 control function
syntax diagram #67

<I/0 control>
random access 1/0
I/0 statements
input parameters 2

INTEGER

integer
integer-valued literal
Introduction

Iterative DO FOR statement
syntax diagram #54

iterative DO FOR
with loop TEMPORARY variable index
syntaX\diaéram”#54sv

ﬂ/

Index-14

N

S )
Y

Ry

4-15

4-16, 4-17, 4-19

4-26, 11-18{ 11-27

\
4-30 _ _ °

- 4-26

8-2
11-1

11-2

11-2 @

7-10, 7-12

7-1

10-6

10-8

10-3, 10-4, 10-6
10-7

10-1, 10-10

10-1

3-16, 3-19, 6-25

4-22, 4-23, 4-27,
6-28, 6-29

7~6
2-8

1-1
7-22

11-15

e
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(;) keywords \ ( /> 2=6
i 7
<label> o 2-7, 3-8, 3-10
) , 3-11, 3-22, 3-23
w o 4-21' 6-24' 7-2
7-3, 7-9, 7-23
: - . 7-25, 7-26, 8-5
| : { 8-13 g
<%label> ‘ ) ¢ 11-6
i Label declarative attributes 4-21
o syntax diagram #16 / L :
with NAME ' o )
syntax diagram #16s o, 11-20
' label declarative <attributes> © o 4-14
\ >
Label Name identifiers 11-21
'LATCHED ;, 4-15, 4-17, 4-24
L R : v S 4=29 S
} s - latched event 8-14
e LINE | 10-3, 10-7, 10-8
10+9
linear array :v . 4-16
: literals : U K 2-5, 2-8
literal. zero | : 7-6
LOCK & 3-1%, 3-21, 4-15
4-19, 7-10, 8-18
] LOCK (*) ” s 8-18
lock group o s 7-10
r Loop TEMPORARY variable 11-16
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