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document release by Intermetrics and information contained
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PREFACE

This document is essentially a handbook of an

intermediate language HALMAT produced and used during
the operation of the HAL360-V1 compiler. The last phase

of the compiler operation is the conversion of HALMAT

text into object code. The document gives information

sufficient both for the interpretation of HALMAT text,

and for the writing of new code conversion phases for

the HAL compiler.
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1. INTRODUCTION

1.1 HALMAT and the HAL Compiler

This document describes an intermediate language called

HALMAT used in the preliminary version of a compiler written

by Intermetrics for HAL language [1],[2]. This compiler, written

for the IBM360, will be designated HAL360-V1. —

HAL360-V1l has two phases of execution. PHASE I carries

out all the syntactic and virtually all the semantic analysis
of the source text in one pass. At the same time symbol and

literal tables are generated, together with text in the inter-
mediate language HALMAT to be described. PHASE II takes this

intermediate text, and in two passes carries out the remainder of

the semantic analysis, performs a small amount of code optimiza-
tion, and generates executable object text in Fortran IV.

—

_ fhe compiler has been structured this way to. make its
modification to produce object text in different languages
relatively simple. .It is specifically the aim of this document to

impart sufficient knowledge of HALMAT to the reader to enable

him to write a new PHASE II for this purpose.

The remainder of this chapter is devoted to preliminary.
definitions and concepts. Chapter 2 is devoted to a description
of the HALMAT Instruction Set. In Chapter 3 various. constructs
which may appgar in the HALMAT text emanating from PHASE I of

HAL360-V1l ar¢ studied. Appendix A gives some brief information
regarding thé/sumbol and literal tables.

-

.

1.2 Symbolig Pormat of HALMAT Instructions
»

i

In this section the symbolic, as opposed to physical,
format of HALMAT instructions is presented. Chapters 2 and 3

are couched in terms of this symbolic format. ;

All HALMAT instructions consist of two OPERAND FIELDS a

and b, an OPERATOR FIELD r, and an EXTENSION FIELD e as shown

in Figure 1.2.1. Depending on the instruction, any of the fields

May be empty except for the OPERATOR FIELD. If any field, or

part of a field is empty it is shown shaded. Le

|

1-1
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' tte,

|

X
.

OPERAND FIELD OPERAND FIELD . OPERATOR FIELD

EXTENSION FIELD

Figure 1.2.1 HALMAT instruction fields

The OPERATOR FIELD is divided into two subfields rop and

Loos containing respectively the OPERATION CODE of the HALMAT

inStruction and a TEXT OPTIMIZER TAG, as shown in Figure 1.2.2.

Yop

beanwee

nt

WLLL CLL:
|

,

CODE OPTIMIZER OPERATION
TAG CODE

Figure 1.2.2 Contents of the OPERATOR FIELD

of a HALMAT instruction.

‘Both the OPERAND FIELDS are subdivided identically:
for convenience consider the OPERAND FIELD a, shown in Figure
1.2.3. -It has three subfields app, az, and ag: Generally
speaking the subfield app contains either an operand of the

HALMAT instruction, or a pointer to some table where the operand
may be found. The. subfields at and Ag are used to qualify the

‘contents of ao).
,

Note that if the EXTENSION FIELD e is not empty, then.

both az and byt are empty; and if either a; or by is not empty,
then e is empty. .The reason for this will. be seen when the

physical format of HALMAT instructions is discussed in Section

1.7. .

| 1-2 |

.
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ee AZZ

Figure 1.2.3 Subdivision of the OPERAND FIELDS

of.a HALMAT instruction

NOTATION: A special
|

notation for the contents of a field or

subfield is introduced at this point. Suppose that

x is a HALMAT instruction field or subfield. Then

-C{x} denotes the contents of x. If some item of

information is spread out over two fields x, and x9
of a HALMAT instruction as if the two fields were

contiguous, then the item is denoted by C{x,||x2],
where x1| |x2 is conceptually |

a field formed by

“catenating" X, and XQ0

1.3 Symbolic Representation of OPERAND FIELD Contents

A general OPERAND FIELD x will now be defined: let x

be either of the OPERAND FIELDS a or b of a HALMAT instruction.

As stated in Section 1.2, the subfield xpp contains the

primary operand identification, while subfields xt.-and x, contain

qualifying information. Ignoring special cases, which are dealt

with as they arise in Chapter 2, there are two major classes of

operands, VARIABLE OPERANDS, and LABEL OPERANDS. These two

classes will be dealt with separately in turn.

VARIABLE OPERANDS

C{x,,} is either the numerical value of the operand, or

more frequently a pointer to an entry in the symbol or

literal table. Alternatively C{xop} may be the specifica~
tion of some variable internally generatedin PHASE I

of the compiler. The subfield xq is

used
to distinguish

between these different forms of C{xgp} Table 1.3.1
is a table of mnemonics for the ‘possible C{Xq} with

explanations of their meanings, and the corresponding
symbolic designations for x5 The numerical codes for

the mnemonics are given in ABpendixDD.

1-3
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mnemonic name c{x,,} explanation

D
oo

‘|

x. ais either empty or is reserved

£OP a special purpose

SYT symbol-table |- syt C{x } isa pointer into the.
So variable - symb61 table

VAC | virtual. accu- line |. c{x._} indexes some previous
,

mulator ins®Puction in the HALMAT text
. the result of whose execution

is used as the operand
>

LIT literal lit Ctx, } is a pointer into the

1it@al table oO

"IMD immediate i C{x__} is the actual numerical
; gbvalté of the operand ..

GLI. global
.

n. C{x, } is either. zero or an

internal. intePnal flow number, identify-
ing a unique. internally generated |
integer variable

EXV ., external _
@XV generic mnemonic for any one of:

variable | SYT, LIT, VAC
:

EEV
‘|

extended eev | generic mnemonic for any one of:

external SYT, LIT, VAC, IMD

VAR _ variable var ‘|

generic mnemonic for any one of:
SYT, LIT, VAC, IMD, GLI

Table 1.3.1 Mnemonics qualifying the different forms
,

,

of VARIABLE OPERAND .

,
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LABEL OPERANDS»

C{x5,} is either a pointer to the symbol table or to another

HALMAT instruction, or an INTERNAL FLOW NUMBER.
a

-—INTERNAL—-FLOW-NUMBERS-—-are—positive_integers. generated in

PHASE I of the compiler primarily to provide unique symbolic
addresses for the destinations of branches of execution and

other flow-directing constructs of HALMAT. A full explana-
tion of their role is given in Chapter 3. Table 1.3.2 shows

mnemonics for the possible C{x,}, with explanations of their

-meanings, and the corresponding symbolic designations for

Xop- Appendix D gives the numerical codes for these mnemonics.

mnemonic name C{x,,}
.

explanation

INL |internal label ny C{xop} is an internal. flow number

SYL {symbol-table syt C{xp,} is a pointer into the

label
symbol-table

ABL |absolute label | line C{x,,} indexes some subsequent
instfuction in the HALMAT text

EXL |explicit label exl ‘generic mnemonic for either of:
‘

INL, SYL

LAB label ‘lab |

generic mnemonic. for any one of:
,

INL, SYL, ABL

Table 1.3.2 Mnemonics qualifying the different forms of

LABEL OPERAND oo

NOTATION: If an asterisk appears in a subfield instead of a

‘mnemonic, then this implies that the subfield is-

used for a special purpose to be explained.

The contents of the qualifer subfield x, have no standard
_

form. .Each case will be dealt with as it arises in Chapter 2. .

1-5
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1.4 The TEXT OPTIMIZER TAG Subfield

The TEXT OPTIMIZER TAG is used to distinguish the presence
or absence of HALMAT constructs which might be transformed or

simplified by the-optimization pass in PHASE II of the compiler.
Table 1.4.1 gives the mnemonics for the different tags in use

and explains their significance.

mnemonic significance of cfr}

$ . jempty subfield

E end-of-expressionmarker

IW automaticinitialization instruction
Il static initialization instruction
II instruction relocation marker

F function specificationinstruction

“bey andr combinea

AS subscript allocation instruction

AE A and E combined
|

D | arrayness or structureness specification
instruction

M | instruction relocation marker

-)

|

subscript specification instruction

SE .|S and E combined
N.

a

:

7 instruction relocation markers

oD pt

Table 1.4.1 Significance of TEXT OPTIMIZATION TAG Mnemonics

1-6
~
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The significance of the mnemonics will be appreciated
more fully after Chapters 2 and 3 have been studied.

NOTATION: In Chapter 2 a TEXT OPTIMIZATION TAG mnemonic K

denotes that C{rgo} of the HALMAT instruction is
_

dependent:on
—

the construct of -which—the-instruction—
is an element.

1.5 Representation of OPERAND TYPES

VARIABLE OPERANDS have an associated OPERAND TYPE, which
might for example be integer or matrix or any other of the types
of variable to be found in the HAL language. The OPERAND TYPES

associated with VARIABLE OPERANDS do not however exhaust all

possibilities. There are in addition OPERAND TYPES associated

with operands falling outside the two major classes described
in Section 1.3. For example the OPERAND FIELD may specify a

HAL structure.

In Chapter 2 the OPERAND TYPES are shown symbolically
by a field t to the right of the HALMAT instruction fields, as

shown in Figure 1.5.1. There is no physical counterpart to

this field. Some but not all HALMAT instructions actually |

contain specifications of the OPERAND TYPES, either explicitly
in subfields. a, and by or implied by the instruction itself.

MLM CLA CLL
for field a - for field b=

Figure 1.5.1 Specification of OPERAND TYPES

. Table 1.5.1 below gives a list of the mnemonicsused
in the representationof c{t}.

1-7

INTERMETRICS INCORPORATED + 380 GREEN STREET -

CAMBRIDGE,MASSACHUSETTS 02139 + (617) 868-1840



“mnemonic” name explanation

B bit

Cc character

M matrix

HAL variable: types
Vv vector -

§ scalar

I integer

L logical result-type of a compare
. instruction

T structure HAL structure

Z any any of the types

Table 1.5.1 Mnemonic OPERAND TYPES specifications

The ‘numerical codes for the OPERAND TYPE. mnemonicsare
‘given in. AppendixD.

1.6 InformationNot Supplied by an OPERAND_FIELD
.

gheOPERANDFIELD does not give all the informationnecessary
to specify a VARIABLE OPERAND.

Section 1.5 that the TYPE of the VARIABLE is only‘sometimes given. |
Other information is never supplied.

It has already been stated in

No precision specification is supplied.

Arrayed variables are not distinguished from unarrayed
variables.

‘No feature distinguishes a variable which is a structure

terminal from any other variable.

INTERMETRICSINCORPORATED - 380 GREEN STREET - CAMBRIDGE, .MASSACHUSETTS 02139
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All such information required during the object text genera-
tion pass of PHASE II of the compiler must therefore originate

from the symbol table.

1.7 Physical Format of HALMATInstructions

The relation between the physical and symbolic formats

of HALMAT instructions is given in Figure 1.7.1.

SYMBOLIC FORMAT

_ dep de ay bop be bg € %o Top

tile ilk

. J J

rT ~Y ole
TY TT

bits
—

6 bits “shes3bits Aebits
5bits 3 bits 2 bits

PHYSICAL FORMAT
.

Figure 1.7. 1 Physical and Symbolic formats of‘HALMAT. instructions

It is clear that each HALMAT instruction occupies four
IBM360 halfwords. It is now clear also why field e cannot

be used at the same time as subfields a; and by: they are in
fact physically the same subfields.

Between PHASE I and PHASE II of the compiler, HALMAT text’
is stored in PAGES, one to each block of a disk filel. one
PAGE of HALMAT text is shown in Figure 1.7.2.

-1 Both PHASE I and PHASE II of the HAL360-vl compileruse a
disk file of block size 7200 bytes.

1-9 .
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LINE

number

WLLL LLL LLL(ELLE CLE SNhot.ased
-_ Pe ~— a ae ow ph te a a | a — ———oe oe

---

PAO

897

99g a
not cased

999 ELITE EI) EI, CELE

rt
,

J s t
:

A

T yo To Y
/b biks 16 bits 4 bits 16 bes

- Figure 1.7.2 Format of a PAGE of HALMAT text

-

Each PAGE. of HALMAT text can hold a maximum of 898 LINES of

“text, one HALMAT instruction per LINE. There are usually a

number of blank LINES between the last HALMAT instruction and

the end of the PAGE for reasons which will become apparent in

Chapter 3.. Each of the four columns, LINES 0 thru 899 inclusive

of each PAGE, are stored
sequentially

on the disk file.

1.8 Summ ary
‘In this. Chapter the concepts and conventions regarding the

symbolic. representation of HALMAT instructions have been intro-

duced. While significant information has been omitted for the.

purposes of simplification, the detailed descriptions | of indi-

vidual HALMAT instructions to be presented in the next Chapter
will now be intelligible.

1-10 | |
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2. THE HALMAT INSTRUCTION SET

ee

In this Chapter each instruction of the HALMAT Instruction
Set is described in turn, and a brief explanation of its function

given. HALMAT instructions can be grouped roughly according to

their function: the Chapter is organized according to this group-

ing.

The HALMAT instructions are identified by means of their

-Inemonics and not by their operation codes. This is because the

operation codes are defined arbitrarily in PHASE I of the HAL360-V1-

compiler so as to be convenient for use in PHASE II. [In any

subsequent implementation of HAL where a new PHASE II is used to

generate object text, it would be entirely possible, and may in

fact be desirable, to redefine these operation codes. The opera-
tion codes for the current implementation are given in AppendicesB. and C.

2.1 CODE MARKERS

CODE MARKER instructions indicate boundaries between

sections of HALMAT text.

._BMRK: end of block marker

ce t ~T ,

tr ae
fon

oo Pope,
ran - A - TID Z Jat! BMRK LZ |

' - BMRK marks the end of a page of HALMATtext.

CMRK: ‘end of code marker
-

” ne

og “a. 4 a eee
o

ome an weLE Veope LLL LINE LE | CMRK a
CMRK. marks the end of the HALMAT text representing an

entire HAL program.

SMRK: ‘statement marker

* OY tr “yy * wee j ae | oAe I: Aa {|

ce N
' SMRK “ol.

SMRK marks the start of a paragraphof HALMATtext represent-
ing one HAL statement. The

op
and Bopfields are treated as

2-1
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catenated. Cfaop||bop} is a HAL statement number. cc is the

highest error condition code obtained during the production of.
the subsequent HALMAT text representing the statement.

2.2 LABELS

LABELS indicate the destinations of branches in execution,
either internally generated, or explicitly translated from the

source text.

“CLBL:
©

Gomputed branch label

exl CZEXL| Ne Byun Ty K I CLBL ZSN
..CLBL indicates the destination of a computed branch specified

by the instruction CBRA. -Clagp} is either a symbol-table pointer.
or an internal flow number.

Each appearance of the instruction CLBL causes the internal
- Llow number C{bop}+1l to be reserved. ne denotes that the CLBL

is the nth alternate destination of the originating CBRA unstruc-

tion. ng lies within the range 0<nc¢<1024.

LBL:. label

Vee
v 4, ¥ ‘ea a

exl -jEXL c

Vr LO

LBL indicates the destination of a branth specified
by one of the instructions BRA, FBRA or BBRA. C{aop} is either
a symbol-table pointer or an internal flow number.

T F
IN LBL. |. Zwy\

2.3 BRANCHES

BRANCH instructions specify conditional or unconditional

branches in the flow. of execution of HALMAT text.

BBRA: bit-string branch on false

~-exl: ext ~~eev VZZAEEV
_ - BBRA ‘specifies a conditional branch ‘to a LBL instruction

carrying the same C{agp}, to be executed if the low-order bit’

of the bit-string operand specified by C{b} is not set.

q

| Ky, BBRA Dy=

-2-2°
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BRA: vunconditional branch

FORA FZ
‘SR

aeZZ VA) |
EB

BRA~specifies—ayn_unconditionalbranch to either a LBL

instruction carrying the same C{ag yf
or if Clag} = ABL, to-the-————-——

HALMAT instruction indexed by Clagp} This latter usage only
occurs in the HALMAT 'do for' construct.

“lab C-7qLABersA fg

CBRA;. computed branch

exl CZrBx1,| on VZAGLIng | K | CBRA Ar}
CBRA specifies a computed branch to one of a set of CLBL

instructions which precede it in the HALMAT text. Claop} is

identical to the Claop} of each of the CLBL instructions in the
set. These CLBL instructions are termed the alternate destina-
tions of the CBRA instruction. nc denotes that there are n

alternate destinations, where 1l<n,<1024. The OPERAND FIELD b

specifies the internal integer Variable whose value determines
which alternate destination is reached at execution time.

Looe
lab PeZZALABLineVA VAC

zi

FBRA: false branch on condition

oe}
I

:

.

po

1

ZA | FBRA CAL
a A 7

7

«4 1 _ .

pio
7

FBRA specifies
-

a conditional branch to either a LBL instruc-

tion carrying the same C{agp}, or if Clag} = ABL, to the HALMAT .
instruction indexed by Claop}. The branch is executed if the.
value of the logical operand specified by C{b} is FALSE.

2.4 ARRAYNESS and STRUCTURENESS SPECIFIERS

A HAL statement may specify arithmetic or conditional

operations to be carried out on arrayed variables. Such a state-

ment is said to have FREE ARRAYNESS. Similarly, a HAL statement

may specify arithmetic or conditional operations to be carried

out simultaneously on multiple copies of structure terminal

variables. Such a statement is said to have FREE STRUCTURENESS.

FREE ARRAYNESS and FREE STRUCTURENESS may coexist in one statement.

ADLP: arrayness specifier

jeer zee
| LLENCA

0 > 0 ti tg ra Wy

2-3

INTERMETRICS INCORPORATED+ 380 GREEN STREET - CAMBRIDGE,. MASSACHUSETTS 02139
+ (617) 868-1840



> Co qt

syt {n_ WAST
4 ft

7 x t in?

MNS ZwE | ape { {I oe

ADLP specifies one dimension of the possibly multidimensional
FREE ARRAYNESS. There are two versions of the ADLP instruction.

“In the first version C{a} specifies a variable whose value is
the .arrayness in question. In,the second version the value of

the arrayness is that of the n,” array dimensionof the symbol-
table variable referenced by Claop}. Clag} = AST distinguishes -
this Special use of the field a.

There is a further complication in the first version of

 the-ADLP instruction. If Clag} = VAC and C{app} indexes an

ATSB’ instruction then the opezandspecified is the result of
-

subtracting the operand specified by C{b} of the ATSB instruction
from the operand specified by Cfa} of that instruction. On the-

other hand if C{ag} = VAC and C{aop} indexes an AASB instruction
‘then the opérand epecified is the operand specified by C{a} of.the AASB:.instruction.

DLPE: end of array and structureness specification

KAZAA,PLE.ZENE of oe] aa! where 2.

a. “DLPEis used as a ‘terminator.immediately followinga sequence|
of ADLP and SDLP instructions.

SDLP:. structureness specifier |

HAN. ae, fie Pe et ef .

'
1

:

“ €

b: A Pe a a“ os
°

a a D
|.

SDLP . I
eev (aCABEVNNO ML. | {op

we tn, 35] LIZA Et sow | [ih

SDLP specifies one dimension: of the possibly multidimensional

FREE STRUCTURENESS. These are two versions.of the SDLP instruc-

tion. In the first version C{a} specifies a variable whose value.

‘is the structureness in question. In the second version the

value of the structureness is the number of copies of the nth
multiple-copy minor structure starting from the structure terminal |

variable.referenced by C{app} and working backwards towards
Level 1 of the structure. Clag)= SST distinguishes this: special
use of the field ak.

Oy

2-4
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There is a further complication in the first version of the
SDLP instruction. If C{ag} = VAC and C{a,,} indexes a STSB

instruction, then the operand specified is the result of

subtracting the operand specified by Cf{b} of the STSB instruction
from the operand specified by C{a} of that instruction. -On the
other hand if Cfa,} = VAC and C{agp} of the SDLP instruction.

indexes a SASB instruction, then the operand specified is.the
operand specified by C{a} of the SASB instruction.

2.5 SUBSCRIPT ALLOCATORS

A SUBSCRIPT ALLOCATOR instruction identifies a variable
to which subscripts are to be attached. The. subscripts themselves
are identified by SUBSCRIPT SPECIFIER instructions which imme-

diately follow the ALLOCATOR instruction.

ALC: allocate subscript header

le LeeZAZZAI [ee
ALC specifies the symbol-table variable to which the subscript

identified by the HALMAT text following the instruction are to

be attached. It is used for all subscripted variables in the HAL

source text except those which appear on the left-hand side of

assignment statements, or in assign parameter lists.

SS

f

ALCE: allocate subscript end
=~

So ee ee

See Le

KAZAVZZA Gs == | EE
ALCE terminates the list of SUBSCRIPT SPECIFIER instructions ~

which immediately follows a RALC or an ALC instruction.
—

- RALC: receiver allocate subscript specifier

=

ZEA ae) Aai Za A
RALC, like the ALC.instruction, specifies the symbol-table

variable to which the subscripts identified by the HALMAT text
. following the instruction are to be attached. However, RALC is

only used for subscripted variables in the HAL source text
.

appearing on the left-hand side of assignment statements (RECEIVERS) ,.

|
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or in assign parameter lists.

2.6 TERMINAL SUBSCRIPT SPECIFIERS

The following instructions identify the terminal subscripts
of a matrix, vector, character or bit-string symbol-table variable.

Special uses are made of the subfields at and by of these instruc-
tions.

Vectors, characters and bit-strings only have one TERMINAL
'DIMENSION.. For these types C{by} = 1, except for bit-strings,
where ctby} = %, Matrices have two TERMINAL DIMENSIONS,. the
first being the ROW DIMENSION and the second being the COLUMN
DIMENSION:C{b¢]}= 2 is used to denote a ROW subscript, ~
and C{by}= 1. a COLUMN subscript. If for some, TERMINAL SUBSCRIPT;

SPECIFIERc{be} =

ng then np is called the nyt" TERMINAL SUBSCRIPT.
The related TERMINALDIMENSION would be called the nth TERMINAL .
DIMENSION. - This use of b, is denoted by the mnemonic C{bt}:'= TID.

Use of the subfield ay is made in the special case Clag} = IMD

and Claop} = G, or when some other associated instruction makes
,

such use a: its own subfields ag and @€opp- If in this case

Cfat} =

ng then Cfal specifies as operand the n¢eth TERMINAL

--DIMENSION.,of the variable, specified in the proceding RALC or ALC -

‘instruction: This use of ay is’ denoted by the mnemonic Cfay} TSX.

Apart from this case Cfa}.is as normally specified for a VARIABLE

OPERAND. a

TASB: terminal at-. subscript specifier

-
1 [

-TASB identifies a terminal at-gubscriptaccordingto the -
conventions described. Ifthe at-subscript is denoted symbolically‘by 'a aT B', then Cfa} specifies the integer operand 8, and

cb}, c{b,} the integer operand a.

TIDX: cerminalindex specifier

eev jessyZZ)
"

TID identifies’ ‘a terminal “Subscript ‘according to the”

conventions described. The operand specified by C{a} is always
of integer type.

.

TASB aE I
p=
weer
ot

Wy T

Lo K | TIDX

22Lona Rk
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--. TTSB: terminal to-subscript specifier
~

“

i ' Z
TF ™

.

oy" Z| |

eev IrsxlEEv eev_ | TIMBEV| [272]| K, TTSB
|

a I

TTSB identifies a terminal to-subscript according to the

conventions described. If the to-subscript is denoted symbolic-
ally by 'a TO 8', then.Cfa} specifies the integer operand oa, and

Cibop}, C{bg} the integer operand Bg.
~

2.7 ARRAY SUBSCRIPT SPECIFIERS

The following instructions identify the array subscripts
of an-array variable of any type. Special uses are made of the
subfields a, and by of these instructions.

The ARRAY DIMENSIONS of an array variable may be indexed
from one, right to left as they appear in the array declaration
in the HAL source text. Cf{b;:} is used to specify the ARRAY

DIMENSION to which the ARRAY SUBSCRIPT corresponds: if C{by} =

na,
then the ARRAY SUBSCRIPT corresponds to the ngth ARRAY DIMENSION

of the variable. This use of by is denoted by the mnemonic

C{b,} = AID.

Use of the subfield a, is made in the special case

Clag} = IMD and C{la,,,} = g, or when some other instruction makes

such use of its own Subfields ag and app. If in this case

Cfat} =

ng then C{a} specifies as operand the nath ARRAY DIMEN-
SION of the array variable specified in the preceding RALC or ALC

instruction. This use of at is denoted by the mnemonic

C{a,;} = ASX. Apart from this case C{a} is as normally specified
for. a VARIABLE OPERAND.

AASB: array at-subscript specifier

° 1 7 7 T WY
eev lasx|zev|| eev kip kEV LE ‘K

AASB identifies an array at~subscript according to the conven-
tions described. If the at-subscript is denoted symbolically
by 'd: ar 6', then Cfa} specifies the integer operand 8B, and

Clbop},. C{bg} the integer operand a.

AASB Lap

2-7

INTERMETRICS INCORPORATED + 380 GREEN STREET - CAMBRIDGE,. MASSACHUSETTS 02139* (617) 868-1840



.- AIDX: array index specifier

t t
t

.

7 t v7, | 77 co “EZ
eev_hsx hery UZZw CAV K 1 AIDX }. [|Z

AIDX identifies an array subscript according to the conven-
tions described. The operand specified by Cf{a} is always of

integer type.

ATSB: array to-subscript specifier
~

t V t ae,
|

T :

eev |asxfeev{| eev arp EEVIIZZ||K | arss 1] I
t he

|

:

1 f Lt
a

ATSB identifies an array to-subscript’ according to the

conventions described. If the to-subscript is denoted symbolically.
by 'a To B', then C{a} specifies the integer operand a, and

C{bop}, Clbg} the integer operand 86.

2.8 STRUCTURE SUBSCRIPT SPECIFIERS

The following instructions identify the structure-copy
Subscripts of. structure terminal-variables. “Special uses are

made of the subfields ay and bt of these instructions.

The STRUCTURE-COPY DIMENSIONS of a structure terminal

variable may be indexed from one backwards up the structure.

tree.to the major structure name. Each minor structure, and
the major structure, are included in the indexing only if they
have multiple copies. C{bt} is used to specify the STRUCTURE- .
COPY DIMENSION to which the STRUCTURE SUBSCRIPT corresponds:
if C{bt} = ng, then the STRUCTURE SUBSCRIPT corresponds to the
noth STRUCTURE-COPY DIMENSION of the variable. This use of by .

is denoted by the mnemonic C{bt]} = SID.

_Use..of the subfield a, is made in the special case

C{ag} = IMD and Cfapp} = @ or when some other associated instruc-
tions makes: such use of its own subfields ag and agp. If in
this case C{az} =

ng, then Cla} specifies as operand the nth
STRUCTURE-COPY DIMENSION of the structure terminal variable

|

specified in the preceding RALC or ALC instruction. This use of
-at is denoted by the mnemonic Cfat} = SSX. ‘Apart. from this

case C{a} is as normally specified for a VARIABLE OPERAND.

2-8 .
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SASB: - structure at-subscript specifier
t

i ony Ce fT

Z IK SASB I 1eev | SSWEEV eev ISIDIEEVLie | |

SASB identifies a structure at-subscript according to

the conventions described. If the at-subscript is denoted

sumbolically by 'a ar 8', then Cfa} specifies the integer operand
8, and {bop}C{b } the integer operand o. .

SIDX: structure index specifier

]

oo

oo
a LZcov _|ssid end (Ast

SIDX identifies a structure subscript according to the
conventions described. The operand specified by Cf{a} is always
of integer type.

1

|. 7
i ZAKk1 smpx

|. [1b

STSB: structure to-subscript specifier

~~Y $
j

7 J
j

T
i

eev | SSH ERYeev |SID| EEV | K | STSB I}I

4. { i foe .

STSB identifies a structure to-subscript according to the

conventions described. If the to-subscript is denoted symbolic-
ally by 'o To 8', then Cf{a} specifies the integer operand a,
and C{bop}, C{bg} the integer operand 8.»

2.9 PRECISION CONVERSION

FLP:.. precision converter

Hh : wT (> t

oT;

[|
exv GZEX a a r™D|BZK

| FLP ai

_FLP specifies the conversion of .the matrix, vector or
scalar operand specified by C{a} to the precision (number of
decimal digits) specified by the integer specified by c{b}.

2.10 STATIC INITIALIZATION FLOW SPECIFIERS

The following instructions are used to control the execution
of initialization instructions for variables with the STATIC

|
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attribute.

ENDS: . end of static bypass blocks

Z AP I Lo LAL ;

LLM DS _ Zeus Lefa! ENDS

ENDS indicates the end of a sequence of HALMAT constructs
for specifying the initialization of STATIC variables.. The

integer operand specified by C{b} is supplied for use as a

> £lag. to prevent reinitialization of. the STATIC variables subse-

“quent. to.the first initialization.

WYI

ENTS: enter static bypass block

ZZicyoes] EGt :

]
~

{

nf Zz INL n Zur
ENTS prefaces the HALMAT construct for specifying the

initialization of a STATIC variable. In effect it is like a

conditional branch to an EXTS instruction carrying the same

cC{a}, sependent
on a flag which is the integer operand specified

_ by Cfb}.

*

-EXTS: exit static bypass block

Vrs ee Pe

ZEA| on |

i

“eS
11! Eexrs | - Aei

1
I eS

EXTS ends the HALMAT' construct for specifying the initial-
-izgation of a STATIC variable. It is in effect the destination

of a preceding ENTS instruction with the same C{a}.

2. 11 ARGUMENT LIST SPECIFIERS

“The following instructions are used in the specification
_

of argument lists in function:.and procedure invocations and defini-
tions, and in I/O statements. Where an-instruction is only found

in a particular variety of argument list, a remark to that
effect is given in its description.

FCLM: column I/O control specifier

a0 Z2272|7 sisWY
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FCLM specifies a move of the read- or write-mechanism
to column k, where k is the value of the integer operand specified
by Cf{a}. (I/O argument lists only)

FLIN: line I/O control specifier

ey ZAnevLEI NOKLe ZAx FLIN | I

FLIN specifies a move of the. read- or write-mechanism
to line k, where k is the value of the integer operand specified
by Cla}. (I/0 argumentlists only).

Ww

FPGE: _page 1/0 control specifier
.

T tT W
}

T

Vy
”

ZA
7”

ev Z| VIZ Z| | sl eee |
FPGE specifies a move of the read- or write-mechanism

by k pages, where k is the value of the integer operand specified
by. Cla}. (I/O argument lists only)

NY

FSKP: skip I/O control specifier

eev” A ee As: “| Ze K! FSKP:/ [rf
‘FSKP specifies a move of the read- or. write-mechanism

by k lines, where k is the value of the integer operand specified
by C{a}. (I/O argument lists only)

FTAB: tab I/O control specifier

<< Qi GALA ==] fi

FTAB specifies a move of the read- or write- -mechanism™*
by k columns, where k is the value of the integer operandspecified by C{al. (1/0 argument‘lists only)

Ww
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LIST:  subprogram and I/O: argument
~ ‘ ; (7 1

_
-

— =
|

eev Z | EEV Yessy (/\K 4 LIST aA
| piel GLA4AIZAAhnee Z

.

ane

I =“
-

-

it T 7 t
-

.

eev. | Z tEEV|| eev II IEEV Vor K | LIst Z |X

I | :

Jt t © Z
.

pactmse 2

:

The LIST instruction has two versions: the first version
specifies an argument in any argument list; the second version
is used only to specify repeated arguments in shaping and conver-

sion function call lists. In both versions C{al specifies the

operand. which is.the list argument. Cla, } specifies the type of-

the. argument, except. in procedure and function definition lists,
when at is not used.

_

In the second version of LIST, C{b} specifies an integer
operand giving the number of times the argument specified by

Cla}. is to be repeated. C{by} specifies the type.

LSTE: subprogram and I/O argument list end.

LLM CLEA
ESE. indicates 4

‘the end of any:argument‘list:

‘LSTE al
a
*e,

2.12 I/O SPECIFIERS

I/O SPECIFIERS are used to specify read and write operations
and file operations.

;

—

FASN:file assignment

1 q

Zia
FASN is used as an assignment instruction when in the HAL

source text the 'FILE' pseudo-variable appears on the right-hand
side of an assignment statement. A read is specified from the

filé identified by the FILE instruction indexed by C{b} into
the. operand specified by Cfa}. If ny

= 1 then the instruction
is followed by one or more further FASN instructions completing
a multiple assignment. Otherwise np

= @.

BeWZiwac|[n.[fet ran
|

fh
Vine7WvaC}|,

|

K
| FASN— Z|
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FILE: file 1/0 specifier

l

FILE specifies the device and record numbers in a file

read or write operation. Cfa} is the device number. The |

record number is the value of the integer operand specified by C{b}.

RDAL: read-all header

SZC
RDAL is the header of an argument list for a 'READ ALL'

' Statement. ng is the number of arguments specified by the.
following HALMAT instructions, including I/O control specifiers.
C{a} is the device number of the read-mechanism.

—; 2

» |e 1 RDAL a7

READ: read header

| i
,

Wa LS. ng Rr READ | f Ce

|

READ is the header of an argument list for a 'READ' state-

ment. ng is the number of arguments specified by the following
HALMAT instructions, including I/O control specifiers. Cfa} is

the device number of the read-mechanism.

WRIT: .

write header

Oral ZZBODE ny K WRIT | EE
WRIT is the header of an argument list for a 'WRITE' state-

ment. ng is the number of arguments specified by the following
HALMAT instructions, including I/O control specifiers. Ctfa}
is the device number of the write-mechanism.

2.13 SUBPROGRAM SPECIFIERS

SUBPROGRAM SPECIFIERS are instructions used to define

Subprograms and programs, to invoke them, and to return from them.

Subprograms include functions,procedures, tasks and update

blocks.

2-13

INTERMETRICS INCORPORATED + 380 GREEN STREET - CAMBRIDGE, MASSACHUSETTS 02139- (617) 868-1840



CALL:.- procedure call header. .

oo

oS

Fa
S171 <= TAL n lk CALL| Zsyt IZasyy|| ome 70 aff

i 4

‘

-

q .

——

ve t
: ?

.
~—

ZA : Wr INL] |.*
|

|K CALL
|. AZ

wy
AY

VA
i Veep nf

There are two versions of the CALL instruction, each

_version being used for a different purpose. The first version
is used to indicate procedure invocation, Claop} points to a

|

.procedure name.in the symbol table. ng is. the number of input
operands specified by following LIST instructions. C{bop} is

-an internal flow number which together with the internal flow
number Clbop}+1 is used in the generation of object text.

The. second version of the CALL instruction specifies the ‘

invocation of a runtime error package. C{a gp}is an integer used’
to distinguish different invocations. .C{b} has the same function
as in the first version. If the CALL comes at the end of a user
function body, C{e} = 1; otherwise C{e} = 0.

CASS: _ assign parameter list header

LICANCE. ny | IK ! CASS | |
CASS is used as a header for the 'ASSIGN' output argument

list specification instructions in a procedure invocation or

definition. If there are also input arguments it separates
the last LIST instruction specifying an input argument from the
first .LIST instruction specifying an output argument ng is the
number of output arguments specified by the following LIST
instructions.

_

‘FDEF: function definition header

=
LY fe eld:

a aon Zl
: ¥

:

YENI na i |K | FDEF | AZ|x VBA | Lm |. ZR
FDEP is used to indicate a user function definition. Clay }o. ee

points to a function name in the symbol table. ng is the n er

of input parameters specified by the following LIST instructions.
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FUNC: function call header

- (ZAFON
i Pa|

ny||K FUNC on eo

! Lt

FUNC is used to specify invocations to user functions and
to HAL built-in functions. ng is the number of input arguments
specified by the following LIST instructions. C{bop} is an

internal flow number which together with the internal flow number

C{bop}+1 is used in the generation of object text. Note that
Clbg} is not used to qualify Ctbop} in this instance. For all
functions except 'BIT' and 'CHARACTER' subfield b, is empty.
For 'BIT' and 'CHARACTER', Clbg } specifies the ‘radix of conversion,
either binary, octal or hexadeCimal: see-Appendix E for the actual

format.

The operand field a can have a number of different uses

depending on the type of function specified. Cfagp} = FCN

qualifies Claop} as specifying a function. If Clagp}<@ then |

Claop} denotes a SHAPING FUNCTION. A table of SHAPING FUNCTIONS
and their respective Clapp} values is given in Appendix E.
If Cflaop}>~@ then Clapp} points to the name of the function in
the symbol table. Since NORMAL BUILT-IN FUNCTIONS as well as

user functions have entries in the symbol table, all functions
except SHAPING FUNCTIONS are included in this case.

MDEF: program definition header
,

~

MDEF defines the name of a program. Clagp} points to

the name in the symbol table.

TST
-

ay

PDEF: procedure definition header

. MLAs eee lk, poer |.
eZ

svt Asal oe | meJK| PDBF | LEE

PDEF indicates the start of a procedure definition. Cfapp}
points to the procedure name in the symbol table. on, is the .
number of input parameters specified by the following LIST

instructions...

2-15 |
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_RTRN:

Coopint

“subprogram return

ay a > Ve A
°

'
‘RN oa LA.ZAAAA| tae LON | EZ

ws A SONS Teyil 22
|

Tk
1

RTRN z ZB

RTRN specifies a return from a subprogram.
—

The first version
is used for tasks and procedures and the second for functions.

e symbol table.

} for either version points to the name of the subprogram
In the second version only, C{a} specifies

~the operand which is returned as the result of the function.
This operand may be of any type. Cfe} = 1 if and only if a closing

return from a procedure is specified.

TDEF:

TDEF indicates the start of a task definition.
to the name of the task in the symbol table.

DOPERMicstherminatesprogram-execution.

task definition header

Wa, |e

DNL AIZAA TL oper
|

[Ae
eye Zou |W] | ter

|

Clapp} points

mee

FT:

.

as iF (> =

ae
—

we ee |
a

"

:

BeELEN CEN EG) |e
tern |

TERM indicates the. termination of execution of a program.

UDEF: update block definition

SyWAL
~ FIFO IIIS] 7

_

foe tse kt oe |
Zor Pe | OAS dNoT ae| eVLILLE (ELLIE ie

K
t UDEF 1a

'

UDEF indicates the start of update block. If the update
block is named, Cla,
If the update block p

UEND: update block end

_

UEND indicates the end of an update block.

ZZ
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ZREN: receiver function invocation

: 7
t

:

:

‘*

EZZ a eRe |
ZRFN is used to” specify invocations of pseudo-variables,

which are functions appearing as RECEIVERS in’ assignment statements.

Specifically excluded from this class is the 'FILE' pseudovariable
which is specified by a prnur instruction. ng is number of argu-.
ments specified by the following LIST instructions. Cf{bop} is

an internal flow number which together with the internal Plow
number C{bop}+l is used in the generation of object text.

Clagn}<g indicate the pseudo-variable to be one of the class of
SHAPNG FUNCTIONS. (all pseudo-variables are SHAPING FUNCTIONS).
Appendix E gives a table of SHAPING FUNCTIONS and their respectivevalues of C{aop}.

Se. Ceo

2.14 Auxiliary SHAPING FUNCTION SPECIFIERS

SHAPING FUNCTIONS require specifications over and above

that provided by the FUNC instruction and the following LIST

instructions. Firstly, the function itself may be subscripted.
Secondly, the function has an arbitrary number of arguments.

An argument of a SHAPING FUNCTION may be another SHAPING

FUNCTION so that the nesting depth or CURRENT FUNCTION LEVEL

needs to be specified. In certain of the SHAPING FUNCTION

instructions, Claop} gives this information.

ASI2Z: arrayness of shaping function... ck. .

ASIZ specifies one ARRAY DIMENSION of the SHAPING FUNCTION

specified by the related FUNC or ZRFN instruction. Cf{a} specifies
the integer operand supplying the dimension. If Cf{a} = IMD

and Clagp}=-1 then the operand supplying the dimension could not

be determined during PHASE I. If the arrayness specified is the

nath arrayness of the function (corresponding to the nath array
subscript right to left in the HAL source text), then C{by}=ng.

'

SFAR: shaping function argument separator

SFAR or—
ot

ve AAA. Yo 7

fiv bork. 7 Ne Za“NeCe, Oo, M
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SFAR separates the HALMAT text corresponding to each argument
of the SHAPING FUNCTION. flv is the CURRENT FUNCTION LEVEL.

C{bop} is the same internal flow number as specified by C{bop}
of the FUNC instruction for the function.

SFND: end of shaping function specification Lo,

ir AP FY

TI

TAP ANY
ag ZA |:

Ory n ! M | SENDaw A] | a COCA Ba
SFND marks the end of the HALMAT text specifying the invocation

of a SHAPING FUNCTION. flv is the CURRENT FUNCTION LEVEL. C{bop}
is the same internal flow number as specified by Clbop} of the
FUNC instruction for the function.

“SFST: start of shaping function specification

rr VAAL | IA
; a

flv |4AZ4 n Mise [Z M 1 SFST i| 4G _f CL LAN No.
, NE]

. . SFST indicates the start of the specification of a: SHAPING —
FUNCTION invocation. flv is the CURRENT FUNCTION LEVEL. C{b,,,}

_is the same internal flow number as specified by C{bop} of the

‘FUNC instruction for the function.

WS

> TSTZ:. _terminal size of shaping function

L2 YAZPABAT==] E
 TSIZ specifies a TERMINAL DIMENSION of the SHAPING FUNCTION

- specified by the related FUNC instruction. C{a} specifies the

_ integer operand supplying the dimension. If Cf{a,} = IMD and
Clagpt=-1 then the operand supplying the dimensidn could not be

determined during PHASE I, For the function 'BIT', and the

_ pseudo-variable 'CONTENT' ny=%. For the functions 'VECTOR' and
.'CHARACTER' nz=1l. For the function 'MATRIX', nz=2 denotes the

specification of a ROW DIMENSION, and ny=1 the specification of
a COLUMN. DIMENSION.

,

WY

2.15 STRUCTURE OPERATIONS

STRUCTUREOPERATIONSare operations on major or minor |
structures. It is assumed that object text produced from the

. 2-18
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following instructions includes testing the structure templates
for a. match whenever such tests have to be done at run-time

rather than during PHASE I.

TASN: structure assign
-

~~

TE ? 4

. svt Al sytl} syt etisyt) |") |K | TASN. TIT
:

{ !
aecercaVNYL

“3
om
atonal

ae

aND

ed

line be vad | syt Worlsyq| [i4-||K | TASN
.

}

There are two versions of the TASN instruction. In both
versions C{b} specifies a structure operand to be assigned. In

the first version it is assigned to the structure operand specified
-by Cfa}. In the second version it is assigned to a 'FILE' pseudo-

variable: Clagp} indexes a FILE instruction identifying the file.

TEQU: structure equal

> (2 1
;

Z

”

syt ZAS¥T
.|

ee

The result of the TEQU instruction is TRUE if the values of

the terminal variables of the structure operand specified by Cf{a}
are equal to the corresponding terminal variables of the struc-

ture operand specified by C{b}, and FALSE otherwise.

. PA 3
.

syt Wsyr

TNEQ: structure not equal

i §
I

Cy]

syt Zzisu | syt oanSYT

The result of the TNEQ instruction is FALSE if the values

of the terminal variables of the structure operand specified by
C{a} are equal to the corresponding terminal variables of the
structure operand specified by C{b}, and TRUE otherwise.

1 of

|K , TNEQ TIT

2.16 BIT STRING OPERATIONS

‘BIT. STRING OPERATIONS are operations which have bit strings:
as results, with the addition of the assignment of bit strings.

2-19 ;
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BAND: bit string and

}

The result of the BAND instruction is the logical ‘and' of
the bit string operands specified by Cfa} and C{b}. The shorter

of the two operands is padded on the left with binary zeroes to

match the length of the longer.

_ BASN: bit string assign

rT a
eev ZZ | eev LaBEN| n [K pasn | |*[B

L

_

BASN assigns the bit string operand specified by C{b} to the

operand specified by Cfa}. The RECEIVER operand may be of bit

_string, integer, character, or scalar type, or it may refer to

the FILE pseudo-variable.

If the RECEIVER operand is a bit string which is longer than

the right-hand side operand, it is padded on the left with binary
zeroes. If the RECEIVER bit string is shorter, then the most

significant bits are truncated.

“If the RECEIVER operand is an integer then the right-hand
operand is first padded or truncated as explained to produce
a bit string with the same number of bits as _an integer (implemen-
tation dependent). That bit pattern then becomes the value of the

integer RECEIVER.

If the RECEIVER operand is a character then the bit string
right-hand side is first converted to an integer as described.

.The decimal representation of the integer is then converted to
a character, and if the RECEIVER operand does not: have the

"VARYING' attribute, padded on the right with blanks.

“LE.the RECEIVERoperand is a scalar then the bit string
right-hand side is first converted to an integer as. described.
The integer is then converted to a scalar.

If the RECEIVER is the 'FILE' pseudo-variable then the

assignment calls for the bit string operand specified by c{b}
to be written on the file specified by the FILE instruction
indexed by Clagp}.

In. any of these cases, af n=l then the BASN instruction is

followed by one or more further BASN instructions completing a

multiple assignment. Otherwise n=.
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BCAT: bit string catenation

eev ZZBEV eev ZABEYAAR BCAT ne
ZL

The result of the BCAT instruction is the left catenation
of the bit string operand specifiedby C{a} to the bit string
operand specified by C{b}.

BNOT: bit string complement

LZZOA= FAB |] B
.

The result of the BNOT instruction is the complement of the

bit string operand specified by C{b}

BOR: bit string or

.

. ZA
.

cov (ZZinev| cov ZjnevIZ K 1 BOR 1 1B [B
7 :

The result of the BOR instruction is the logical ‘or' of
the bit string operands specified by Cfa} and C{b}. The shorter
of the two operands is padded on the left with binary zeroes to
match the length of the longer.

2.17 CHARACTER OPERATIONS

CHARACTER OPERATIONS are those operations which have charac-
ter results, with the addition of the assignment of characters.

CASN: character assign

exv- (ZnBY] @xV ZiijPN| n ||K| CASN | «IC

L

CASN assigns the character operandspecified by C{b} to the

RECEIVER operand specified by C{a}.. The RECEIVER operand may
be a character operand or the 'FILE' pseudo-variable,

—

_

If the RECEIVER operand is of character type and does not

have the 'VARYING' attribute, the right-hand side is padded with
blanks or truncated on the right.
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If C{a} specifies the 'FILE' pseudo-variable, then the

right-hand side operand is written on the file specified by
the FILE instruction indexed by Clagp}.

In any of the above cases, if n=l than the CASN instruction
is followed by one or more further CASN instructions

completinga multiple assignment. Otherwise n=@.

CCAT: . character catenate

>

> La 7! en
t

“

_ .

y SafEXY| exv We)BXVLe K | ccat
| Iefe}

The result of the CCAT instruction is the left catenation
of the character operand specified by Cf{a} to the character

operand specified by C{b}.

ITOC: integer to character conversion

| eev rea| G7 LM Ze K
ITOC: specifies ‘the conversion of the decimal representation

of the integer operand specified by C{a} to character type.

ITOC I WN

STOC: scalar to character conversion ee

Le Zr WZ
STOC specifies the conversion of | the decimal representation

of the scalar operand specified by C{a} to character type.

LL. ipZZ[« | STOC s|z]t
:

ah

2.18 MATRIX OPERATIONS

MATRIX OPERATIONS are defined as those arithmetic operations
which have a result of matrix type, with the addition of the

assignment of matrix operands. VARIABLE OPERANDS of matrix, vector,
scalar or integer types occur. In the cases where PHASE I cannot

check for the compatibility of matrix or vector operands, the

object text generated for the instructions concerned must. include
run-time compatibility checking.
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MADD:. matrix add

-exv VAexv|
The result of the MADD instruction is the sum of the two

matrix operands specified by Cf{a} and cC{b}.

exw ex] WZ KI. MADD M |M

MASN: matrix assign

. @XV 4Bx fe]
'

MASN assigns the mattix operand specified by C{b} to the
RECEIVER operand specified by C{a}. If n=1 then the MASN instruc- -
tion is followed by one or more further MASN instructions repre-
senting a multiple assignment. Otherwise n=@.

KI MASN |eXV (ZzEx n

The RECEIVER operand may either be of matrix type, or it

may specify the 'FILE' pseudo-variable in which case writing
on the file specified by the FILE instruction indexed by Cf{a__}
is indicated. oP

MINV: . matrix inversion

iy,
exv

vt

CA neyl kK) MINV. aee EXV eev ZF V ee
|

The result of the MINV instruction is the inverse of the ---—=-. .°

square matrix operand specified by Cfa} if tne integer operand
specified by C{b} has a value of -1. . The format of the instruc-
tion treats inversion as if it were exponentiation.

MMPR: matrix-matrix multiply

exv WALEXV.
Leen li mee

‘s K, MMPR | [mM[M‘SI
“

TO
. exv 7b EXV

The result of the MMPR instruction is the matrix operand

epeeBTeeby Cla} postmultiplied by the Matrix operand. specified
by Ctb}.

MNEG: matrix negate

Ky MNEG |.
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~ tear

MSDV: matrix-scalar divide

TI al wz I

iy ip Yo SeXv We bexy exv A EXV tye, K | MSDV M

The result of the MNEG instruction is the negative of
the matrix operand specified by C{f{b}.

specified by C{a}: divided by the scalar operand specified by
Ctb}.

MSPR: matrix-scalar multiply

The result of the MSDV instruction is the matrix operand:

oxy ZZhexw exv ZAexe(ZZ
a :

K | MSPR
3.

M S

The result of the MSPR instruction is the matrix operand
specified by Cfa} multiplied by the scalar operand specified by
C{b}.

MSUB: matrix ‘subtract.

— T T 7? f t4

AS oN a

exv ZZtex exv (ZAEXVZ| x | MSUB M|M
:

roe 4 we t

The result of the MSUB instruction is the matrix operand
specified by C{b} subtracted frem the matrix operand specified
by Cfal.

matrix transpose

WEEE
The result of the-MTRA instruction is the transpose of~—-----

the matrix operand specified by C{b}..

MTRA: |

i”

ZM
af

:

2 .
“1

_
eXV Za wl[222| ! MTRA |Ae eeTee

VVPR: vector outer

-

product

i “IEXV K VVPR Vv Vv
eXv.qe

The result of the VVPR instruction is the matrix formed ‘by
the vector operand specified by Cla} postmultiplied by the vector
operandspecified by C{b}.
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2.19 VECTOR OPERATIONS

VECTOR OPERATIONS are defined as those arithmetic opera-
tions which have a result of vector type, with the addition of

the assignment of vector operands. VARIABLE OPERANDS of matrix, -
vector or scalar type may occur. In the cases where PHASE I

cannot check for the compatibility of matrix or vector operands,
the object text generated for the instructions concerned must

include run-time compatibility checking.

matrix-vector multiplyMVPR:

yt we Coe
exv Z XV

||

exv 1 xy Y7o\K_ | MvPR M{V

The result of the MVPR instruction is the matrix operand
specified by C{a} postmultiplied by the vector operand specified
by C{b}.

vector addVADD:

rH
T

i are |
_

exv (ZAExv -@XV (7, ExvWe, K | VADD | lvVv

ft 7
‘

-

The: result of the VADD instruction is the sum of the two

.vector operands specified by Cfa} and cC{b}.

VASN: vector assign

T t 3 i 4
'

exv {| lexvi{ exv ' VEXv{{ n | /K | VASN- “hv
f t 4

£

VASN assigns the matrix operand specified by C{b} to the

RECEIVER operand specified by Cfa}. If. n=1 then the VASN instruc-

tion is followed by one or more further VASN instructions repre-

senting a multiple assignment. Otherwise n=.

The RECEIVER operand may be either of vector type, or it

may specify the 'FILE' pseudo-variable in which case the file .~

‘specified by the FILE instruction indexed by Cla, }is indicated.

VCRS: vector crossproduct

exv WAexw exv Zorexu|
a

Yani vers
| Ivlv\ a
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The result of the VCRS instruction is the crossproduct
of the two vector operands specified by Cf{a} and C{b}.
defined only for 3-dimensional vector operands.

VMPR:— “vector-matrix multiply

Vs vl

exv ZZTEXY exv Zy

It is

K VMPRBENG }

Vv M

The result of the VMPR instruction is the vector operand
specified by C{a} postmultiplied by the matrix operand specified
by C{b}.

FZ
The result of the VNEG instruction is the negative of the

vector operand specified by C{b}.

vector negate

fz
K 4 VNEG “21VYN exv Zh Bu ——~1.

VSDV: vector-scalar divide

— = vi Very yl T

OL,
:

YZ,K } VSDV vis
exv L7-lexv eXV (ZZ)exe| “A |

“The result of the VSDV instruction is the vector operand

specifiedby C{a}- divided by the scalar operand specified by C{b}.
VSPR:  vector-scalar multiply

exv (ZZiexv exv A exy (221 | K | VSPR
|

vis
exv a f LA Ls } GS

The result of the VSPR instruction is the vector operand —- -

specified by ctal multiplied by the scalar operand specified.
by C{b}.

VSUB: vector ‘subtract .

xv IyexyLexVW EXY EZ [xK | VSUB wv

Ze 1 wos
°

;

The result of ‘the VSUB instruction: is. the vector operand

specified by C{b}-. subtracted from the vector: operand specified
by’ Cf{a}.
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2.20 SCALAR OPERATIONS

SCALAR OPERATIONS are defined as those arithmetic operations
which have a scalar result type, with the addition of the assign-~

- ment of scalar operands. VARIABLE OPERANDS of any type except .
Matrix, can occur. In the cases where PHASE I cannot check for
the compatibility of vector operands, the object text generated
for the instructions concerned must include run-time compatibilitychecking.

BTOS: bit string to scalar conversion

|

a ir ee to: ¥
eev Zhen LLLIIMEZZ x! Bros | al

BTOS denotes the conversion of the bit string operand
~~

specified by Cfa} to a scalar. The bit string is first padded
.

with zeroes or truncated on the left to the same length as an

integer (implementation dependent). The bit
pattern is treated

as an integer and convertedto a scalar.

ITOS: integer to scalar conversion

VA iy wel eAl
kt GE]

eev 7ZABEVZ Lee wh:te LLL. K | ITOS Ty.

ITOS denotes the. conversion.of -the- integer operand specified
by Cfa} to a scalar. If C{a,} = IMD and Clagp}= %, then the ITOS

instruction is part of a HALMATsubscript. construct, and the

operand specified is a TERMINAL DIMENSION or an ARRAY DIMENSION

or a STRUCTURE-copy DIMENSION of the symbol-table variable specified
by the associated ALC or RALC instruction. Chapter 3 explains
this usage in detail.

.

SADD: scalar add
©

So , voeee tes

exv Zrsx ||
‘The result of the SADD instruction is the sum of the scalar

operandsspecifiedby Cfla} and cf{b}.

, af, f (a
exv oeI EXV LAIx! sapp |.

{sls

SASN: scalar assign

q 1 vt FT
11 f

,

| eev Colenv exv V1exy|| n E 1 SASN *TS
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SASN assigns the scalar operand specified by C{b} to the

operand specified by C{a}. The type of the RECEIVER operand may
be bit string, character, integer, or scalar,.or the 'FILE'

pseudo-variable may be specified.

If a bit string RECEIVER operand
|

is specified, the scalar

right- hand side is first rounded to.an integer, and then the

bit string is assigned the same bit pattern as the integer padded
with zeroes or truncated on the left as required (implementation

dependent).

If a character RECEIVER operand is specified then the charac-

ter is assigned the decimal representation of the value of the

right-hand side operand, and if the character operand does not

have the 'VARYING' attribute, is padded as necessary on the right
with blanks.

If an integer. RECEIVER operand is specified then the value

of the right-hand side operand is rounded to the nearest integer
before assignment.

If the RECEIVER operand specified is the 'FILE' pseudo-
variable, writing on the file specified by the FILE instruction

indexed by Clapp} is indicated.

In any of the above cases if n=l then the SASN. instruction
is followed by one or more further SASN instructions completing
a multiple assignment. Otherwise n=.

SEXP: scalar exponentiation-by~scalar
ye Igy

| exv.eorex | @xv CZ2ERY
Ne

The result of the SEXP instruction is the scalar operand
specified by Cfa} taken to the power given by the scalar operand

specified by C{b}.

2

N 1a

——}
;

:

.

Kl SEXP | {s[s]

SIEX: scalar exponentiation by integer
LO,

ZZ
The result of the SIEX instruction is the scalar operand

“specified by Cfal taken to the power given by the

integer operandspecified by c{b}.

|

i

K} SIEX' |- {S4I-
r

z

y T

exv Ze cov NRE
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SNEG: scalar negate
. : -

GLIA) wy (Pe
ex

LZ K| SNEG gsEZZAS Vaan Z
The result of the SNEG instruction is the negative of the scalar

operand specified by C{b}.

SPEX: scalar exponentiation by positive integer -
.

vrei > TF aT
=

FFT I
-

ny

,

vA ex | ite LIT he Ky . SPEX s |r
ex ed ® TA “4 |i SPE

Ye
=

7 1 Cy 7 T
-

.

CHAE | i ZA MD1241) Kk, SPEX s {1exv >al on Le,
; Le

.

The result of the SPEX instruction is the scalar operand
specified by C{a} taken to the power given by the positive integer
Operand specified by C{b}, which can only have either of the two
forms shown.

So

SSDV: scalar divide

SSDV-ZAG] EEZ wt |

The result of the SSDV instruction is the scalar operand
specified by C{a} divided by the scalar operand specified by C{b}.

Ae JjeXv iy ERV

V4
exv ZZBXY

|

‘A

SSPR: _scalar-scalar multiply

7 wel
exv Vd{-

SSPR SIsvo (eV EXVex “f
a

EXV|

The result of the SSPR instruction is the
'

product of the
Scalar operands specified by C{a} and C{b}.

SSUB: scalar subtract

Ve ofS ‘ Yt a '
}

GLA A We :

Iss |-exv (ot exvy| exv belexv ee) K] SSUB

The result of the SSUB instruction is the scalar operand speci-
fied by C{b} subtracted from the scalar operand specified by C{a}.
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VDOT: vector dot product

‘tn . wes ee,
j

T

ie ts Vv
exv leeg) EXW| exv AVEXVZe Kl VDOT V

The result. of the VDOT instruction is the dot product of the

vector operands specified by Cfa} and C{b}.

2.21 INTEGER OPERATIONS

INTEGER OPERATIONS. are defined as those arithmetic operations
which have integer results with the addition of the assignment of

integer operands. VARIABLE OPERANDSof any type can occur.

Some of the instructions in which Cfa} specifies an integer
operand may have a pecularity of the field a. If C{a,} = IMD

and C{a, } = @ for one of these instruction, then the instruction
is part of a HALMAT subscript construct: the operand being speci-
fied is a TERMINAL DIMENSION or ARRAY DIMENSION. or STRUCTURE-COPY

DIMENSION of the symbol table variable specified by the associated
RALC or ALC instruction of the construct. This situation is
explained in detail in Chapter 3. Instructions where the situa-

tion can occur will be called SX-
type

instructions when they are

described below.

BTOI: bit to integer conversion

iv T
|

{7 v4 [a4 _f
o

eev ZoroayZZ WeINGE Zz K | Broz: BI:

BTOL indicates the conversion of the bit string operand.:
specified by Cf{fa} to an integer with the same bit pattern, padding
with.zeroes or truncating on the left as necessary (implementation
dependent).

,

Sl

'

IADD: integer add

_4. =<}

77
|

rT | ey rT yp:
eev ZZ EE eev (ZREV |i]

) KI IADD | {IT

[Sx-type instruction]
The result of the IADD instruction is the sum of the two

integer operands specified by C{a} and c{b}.
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‘IASN:.. integer assign

rer “ft
!

i ' , c

. *
i

eds Ys EEV|| N K{ IASN t
eev Ga | eev VANE }

_IASN assigns the integer operand specified by C{b} to the

operand specified by Cla}. The RECEIVER operand may be of any type,
‘and in addition may be the 'FILE' pseudo-variable.

If the RECEIVER operand is of matrix, vector or structure

types then C{b} can only specify a literal zero. All of the operand
-is zeroed.

If the 'FILE' pseudo-variable is specified, then writing
on the file specified by the FILE instruction indexed by Cfaop}
is indicated.

If the RECEIVER operand is of scalar type then the appropriate
conversion is made.

If the RECEIVER operand is of bit string type then the

bit string is assigned the same bit pattern as the integer, padded
with zeroes or truncated on the left as required (implementation
dependent).

If the RECEIVER operand is of character type then the decimal

representation of the integer is assigned, and if the character

operand does not have the 'VARYING' attribute, is padded with
blanks or truncated on the right as required.

In any of the above cases if n=] then the IASN instruction
is followed by one or more further IASN instructions© completing
a multiple assignment. Otherwise, n= @. :

IEXP; - integer exponentiation

AA, FOIA Fy
eev (ZZEEN| lit Za Lit)

P| | Xl
TBXP I] I

t
.

:

pe
=

Pe

.

K , IEXPIMD}. HH Hi
eev Zee | i Zo

The result of the IEXP instruction is the integer operand.
specified by C{a} taken to the power of the integer operand

“specified by Cf{b}, which can only take either of the two forms

shown,
:
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IiIPR: integer multiply

_IIPR | daftNema

saree
oe

CA WAeev ZABEV
bee}

|X

The result of the IIPR instruction is the product of
the integer operands specified by Cf{a} and C{b}.

©

Lf a t

LO Vom
eev A EEV

INEG: integer negate

oF
Veer [eel ft [Aa

The result of the INEG instruction is the negative of the
operand specified by C{b}.

ISUB: integer subtract:

-

at rr T7
1

(TT.
eev (A EEV] | eev yynny Za K | ISUB | fr I

[SX-type instruction]

The result of the ISUB instruction is the integer operand
specified by C{b} subtracted from the integer operand specified
by Cla}.

STOI: scalar to integer conversion

= Bal-ZZA Ri] |

STOIL specifies the rounding of the scalar. operand specified
by C{a} to an integer.

WS

2.22 CONDITIONAL OPERATIONS

CONDITIONAL OPERATIONS are defined as logical and compare
operations which have results which are either TRUE or -FALSE.
VARIABLE OPERANDS of all types can occur.

Compare operations on character operands deserve some

explanation, Two character operands are 'equal' only if they are

of the same length and the same value. One character operand is

‘greater than' another if it is longer, or if it is the same length
but the value is after the other in alphabetical order. ©
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BEQU: bit string equal

exv A exv
(- Loy

exv BiaEXV
‘} LE

L BEQU 5 B

INTERMETRICS INCORPORATED+ 380 GREEN STREET - CAMBRIDGE, MASSACHUSETTS02139-

The result of the BEQU instruction is TRUE if the bit string
operands specified by Cfa}and C{b} are identical, and FALSE

- otherwise.

BNEQ: bit string. not equal
°

tere al
I

. ‘ ~T;
exv [<4] EXV exv aexy=|FB L , BNEQ BIB

ZAP
|

ZN bs? |

The result of the BNEQ instruction is TRUE if the

operands specified by Cf{a} and C{b} are not identical,otherwise.

bit string
and FALSE

CAND: logical and
.

me

ra es, > ,
|

line SA vac] | line ZA)vacLy Nt CAND
| = |L{L

The result of the CAND instruction is the logical 'and'
of the logical operands specified by Cfa]} and C{b}.

CEQU: character equal

Wry! Get - ye |
|

t
.

ext

As Ys bexv| | | [rc CEQU cjc

_exv AI XV) | exv fg LL) |

The result of the CEQU instruction is TRUE if the character

operands specified by C{a} and C{b} are identical, and FALSE

otherwise. 7

CGT: character greater than

wy
i

-

7
.

a
3

r

T :

; GT
©

Cicexv AIex) exv VAS}EXV MZ E | c

The result of the CGT instruction is TRUE if the character

operand specified by Cf{a} is greater than the character operand
specified by C{b}, and FALSE otherwise.
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‘CLT: character less than

tro i - ra "

”

| [

exv (QZEXV| exv WZVEXVZI fe | cur | Icee)
I pe

The result of the CLT instruction is TRUE if ‘the character

operand specified by Cfa} is less than the character operand
specified by C{b}, and FALSE otherwise.

CNEQ: character not equal

PB art,

exv. CZ)Bx
exv Ex][ee

4

eo
|

|e | CNEQ Cyc

The result of the CNEQ instruction is FALSE if the character
operands specified by Cfa} and C{b} are identical,
otherwise.

and TRUE

CNGT: .-character not greater than

er,
to,

|
4

.

exvxv QABx|
2

exv fe)BXV
LE

L

|
CNG? clc

The result of the CNGT instruction. is TRUE if the character

operand specified by Cla} is not greater than the character operand
specified by C{b}, and FALSE otherwise.

CNLT: character not less than

wal
|

ZZ :
izexv ZAexs|| exv Wi ExvZZ; L! cnr

The result of the CNLT instruction is TRUE if the character

operand specified by Cfa} is not less than the character operand

specifiedby C{b}, and FALSE otherwise.

Cyc

CNOT: logical not
i e A

LEEGA,Vote dine onyvac| ag aER | cnor f{. [&

The result of the CNOT instruction is. the complementof

the logical operand. specifiedby C{b}.
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COR: logical or

TAIT
A

| line Cite | ‘line! CZvec|Vn COR |
L

The result of the COR instruction is the logical 'or'. of the

logical operands specified by Cfa} and C{b}.

IEQU: integer equal. ee

Foy {

og
lo+

eev- ZZBEY eev ZZB8vCoe | LI TEQU

The result of the IEQU instruction is TRUE if the integer
operands specified by C{a} and C{b} are equal and FALSE otherwise.

IGT: integer greater than

a nA i
j

T

eev Ze cev Ane |Z] Lt IGT

The result of the IGT instruction is TRUE if the integer
operand specified by C{a} is greater than the integer operand
specified by Cth}, and FALSE otherwise.

Fr

ILT: integer less than

ee
' q t oo

cov ZA. EEV | cov ZIEEY||aa i

The result of the ILT instruction is TRUE if the integer
operand specified by C{a} is less than the integer operand specified
by C{b}, and FALSE otherwise.

INEQ: integer not egqual-

eev LA EEW
:

Li .INEQ T,T
eA |

oP.
eev ZAEBV

The result of the INEQ instruction is TRUE if the integer
operand specified by C{a} is not equal to the integer operand
specified by C{b}, and FALSE otherwise.
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INGT: integer not greater than

irr | | ——

| eev V7 EEY| eev ZEIGit | INGT I}z
is s¢

The result of the INGT instruction is TRUE if the integer
operand specified by C{a} is not greater than the integer
operand specified by C{b}, and FALSE otherwise.

INLT: integer not less than

(ZAeevee BEV

The result of the INLT instruction is TRUE if the integer
operand specified by C{a} is not less than the integer operand
specified by C{b}, and FALSE otherwise.

4

INLT TjI
EAL

|

[ee
= Wiel AL

MEQU: matrix equal

SAN NL | MEQU MIM

The result of the MEQU instruction is. TRUE if all the

‘corresponding elements of the matrix operands specified by Cfa}
and C{b} are equal, and FALSE otherwise.

We
]

: Ve /A .

MLS, | ALAEXVexv V/ZAEXYeXV VASA

MNEQ: matrix not equal .

A ge hy if
f

[s- . “| {7 ;
j

.

-e@XVIZ Exv exv ei EXV “e || MNEQ MIM

The result of the MNEQ instruction is TRUE if not all of the

corresponding elements of the matrix operands specified by Cfa}
and C{b} are. equal, and FALSE otherwise.

SEQU: scalar equal

:

oo

fee A
|

4

;

T

| exv tZAEXV|| -exv Paax|Loge).| 1. SEQU | ls s

| ZA ety |

The result of the SEQU instruction is TRUE if the scalar

operands specified by C{a} and C{b} are equal and FALSE otherwise.
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SGT: scalar greater than

5
| .

, aa L$ Sct |s|sexv VA oxy exv ZZ ’

‘The result of the SGT instruction is TRUE if the scalar

operand specified by Cita} is greater than the scalar operand
specified by C{b}, and FALSE otherwise.

SLT: scalar less than.
.

_

WF i

exv VA EX eXVv OLAEXV
OP

L
|

SLT
| °

S

aA!

The result of the SLT instruction is TRUE if the scalar

operand specified by Cfa} is less than the scalar operand specified
by C{b}, and FALSE otherwise.

SNEQ: . scalar not equal

1 eb er TI ngs
AY7

a
, *

.

|eXV (GAEXV exv VA EXV wee

The result of the SNEQ instruction is TRUE if the scalar

operands specified by Cf{a} and Cib} are unequal and FALSE

otherwise.

—
|

L | SNEQ | {ss1.

SNGT:- scalar not greater than

eXVv AKEXVY] exv Zf) EXM Za 2 | SNGT: S{s

po i. | }

The result of the SNGT instruction is TRUE if the scalar
operand specified by C{a} is not greater than the scalar operand ©

specified by C{b} and FALSE otherwise. .

 SNLT: scalar not less than

~

wee | 4 TF
t

*
.

exy (rex [ooo fa | SNLT s|s
Ve ny Aen

—
extia

r LA
Aes

Web exexv Vel
|

The result of the SNLT instruction is TRUE if the scalar

operand specified by C{a} is not less than the scalar operand |
_ specified by C{b}, and FALSE otherwise.
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“SNLT: scalar not less than

t i

exv ZA exv
-

eXV Aexywr

+
,

|L | SNLT Ss |s

The result of the SNLT instruction is TRUEif the scalar

operand specified by Cfa} is not less than the scalar operand
specified by C{b}, and FALSE otherwise.

VEQU: vector equal
:

- VSPA ee |
:

|

(A=
exv Za EXV|| exv [4 EXV||‘Al wig Zit

L | VEQU | VvVv

L

The result of the VEQU instruction is TRUE if all the corres-

ponding elements of the vector operands specified by C{a} and
C{b} are equal, and FALSE otherwise.

VNEQ: vectors not equal

(77 | | ers “ATT VNEO |v |v
-exv CA EXV| | exv  p206G, EXV][o-7 > !

|
e

, Lee}
i |

i Poo 1

.. The result of the VNEQ instruction is TRUE if not all of
_

the corresponding elements of the vector operands specified by C{a}
and C{b}. are equal, and FALSE otherwise.

2.23 INITIALIZATION OPERATIONS

INITIALIZATION OPERATIONS assign initial values of 'STATIC'
or 'AUTOMATIC' variables. Some of the instructions may make

- special use of the field fa}. If C{ag} = IMD then C{a, } is

_

the value of an OFFSET for an associated symbol table vBriable
specified by a STRI instruction to be described.

INITIALIZATION OPERATIONS assume that the storage assigned
for a symbol table variable will be arranged in a particular way
when the object text is generated. To take the most complicated
example possible consider an arrayed matrix M which is a struc-
ture terminal. Suppose that any element of the variable can

with standard HAL notation be written

Ms1,82,S3;al,a2,a3:rl,cl
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sl through s3 are STRUCTURE-COPY SUBSCRIPTS, al through a3 are

ARRAY SUBSCRIPTS, AND rl, cl are the ROW and COLUMN SUBSCRIPTS.

Storage is allocated in ascending positions with the value of
the right most subscript cl-increasing most rapidly and the value
of the left most subscript least rapidly. M1,1,1;1,1,1:1,1 is
the first element in storage. Calling this the’ first’ storage
element, then any other element has a positive linear OFFSET with

respect to the first element, which is determinable from know-

ledgé of the various DIMENSIONS of the variable. It is this OFFSET
which is specified by Clapp} in the cases mentioned previously.

BINT: bit string initialize
.

———" ZI a FIAT

-

| ste CZNev ie Celie Vie x! pint
|.

[BiB

at 7 : T °

i (Zhou lit Zu Ie K
| BINT BIB

BINT initializes the bit string operand specified by Cla} with
the literal specified by C{b}. There are two versions: in the
first Cla} specifies a symbol table variable; in the second an

OFFSET.

CINT: character initialize

osyt CWsvs“Lit Ze LIT Z K | CINT cic

ly fr > Cr. :
i

tmp vit ZA Lin (4) 1K1 cINT tele
t IZM Mon Ot I oe

CINT initializes the character operand specified by C{a}
with the literal specified by C{b}. There are two versions:

-in the first Cfa} specifies a symbol table variable, in the

second, an OFFSET.

DLEI: initialize loop end
n ea| ZZ Z x DEEL

|

L

DLEI indicates the end of a repeat loop for incrementing
OFFSET values. C{a} specifies an internal integer variable for
use during object text generation matchingthat specified in therelated DLPI instruction.
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DLPI: initialize loop header

ee
7 aAaR SOOT DIE :

. Gy CP NELAY VL LIK 1 DLPI

neu | AZAe | purr|p
Lot TT.

; Loe Gr ‘11K © DLPIi Ye5w || 3 Grol] 2
|x!

oe

_
4

WY

mr aa

‘DLPI is'a two-part instruction specifying the start of a repeat
loop for incrementing OFFSET values. Cfe} distinguishes DLPI}
from DLPI7. The first is invariably immediately followed by the
second in the HALMAT. text. Cfa} of DLPI, specifies an internal

integer variable used during object text generation which matches
Cla} of a following DLEI instruction. Cfagp} and C{bop} of

‘DLPIy are respectively the number of times execution OF the loop
is required, and the amount by which the OFFSET is to be increased.

TINT: integer initialize

>
Vs |

> | ! “ 77,
- ,

[z I
a Uon|e rail ee | GE

ee, “> to a 1

oa ie | ie | S ,Lit ee K | IINT | I
:

fey :

4 7a “2rd bd
-ean

IINT initializes the integer operand specified by Cfa}
with the literal specified by C{b]}. There are two versions:

in the first C{a} specifies a symbol table variable; in the second,
an OFFSET. C{b,} in either version is used to indicate a sign.

—

s=l1 indicates that the literal must be negated. s=@ otherwise.

MINT: matrix initialize

Vv { >
:

1
:

|

Le oe
|

~

syt (eCysyr|]] lit | Ss ,LIT ZAIK; Mint’ |. |mjs
{7

t

{ b Pot t
J

MINT initializes all the elements of the matrix operand
specified by Cla} with the literal specified by C{b}. c{by} is
used to indicate a sign. s=1 indicates that the literal must

‘be negated. s=@ otherwise..
.

SINT: scalar initialize

Lat > a Ae
'

ri

J syt esvt]] aie ' s turml(Zel]« I srnt S|SVS | ee ZZ
ra ‘

> ! CA4 Zz K] SINT s{s
a ZAa0] lit |S LIT) ye
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SINT initializes the scalar operand specified by Cf{a}
with the literal specified by C{b}. There are two versions:
in the first C{a} specifies a symbol-table variable; in the second,
an OFFSET. Ci{by} in either version is used to indicate a sign.
s=l1 indicates that the literal must be negated. s=% otherwise.

“Note that the SINT instruction is used when matrices and
vectors are to be initialized element-by-element.

STRI: repeated initialize specifier
to /

>

+

;

*

sit
K] STRI

.

I
-

v

waSYTPE on

7 ce

STRI indicates that the symbol table operand specified by
C{a} is to be initialized element-by-element. C{b} specifies
the same internal integer variable as specified by C{a} of the
related DLPI and DLEI instructions. ny, is the number of initialize

loops following the instruction.

‘VINT: vector initialize

| FT ZANT 7
. SYT Lit S ,LITi t. Ky. VINT

syt_ il Peek
VINT initializes all the elements of the vector operand

specified by C{a}l with the literal specified by C{b}. cCi{by}
is used to indicate a sign. s=l indicates that the literal must
be negated. s=%-otherwise.

2.24 DO FOR SPECIFIERS

-The following instructions are used to describe HAL DO FOR

statement groups.. Only the logically necessary information is

given in the instructions, without any specification of how incre-

menting or range-testing should be carved out.

DFOR: do for header |
1 =I

1

777}n GLI syt |% SsyYT|
7"ZA Za “Z|

-
DFOR specifies the start of a DO FOR statement group.

C{b} indicates the integer or scalar range variable. Cf{a}indicates

T 1: e

N.} DFOR | i
*

2-41. oe

INTERMETRICSINCORPORATED + 380 GREEN STREET - CAMBRIDGE,MASSACHUSETTS02139 -

(617)868-1840



an internal integer variable used to index the DO FOR list
element. Flow numbers n-2 to n+l are reserved for the generation
of object text.

,

DFRE: do for end

V2. INI n Vi cLi[n K |
DERE gt

DFRE signals the end of a DO FOR statement group. n

is the number of DO FOR list elements. C{b} corresponds with
the internal integer variable specified by C{a} of the associated
DFOR instruction. ng=n is a reserved flow number. The intent .
of DFRE is Similar to CBRA..

DGPE: do for list terminator

°s ZAP | LCN ZA 2 DePE
|

Ae
DGPE signals the end of a list of elements of a DO FOR

statement. The reserved flow number n¢ is always given by
n¢=n-1l where n is C{app} of the corresponding DFOR instruction.

DGPI: integer do for list element

as ~ |
5‘

eev EEV n CZ B tin K |. .DGPI IfWjeey ||
as OZAF [Po

|X! Z

7

| n .

iw
! r ra

eev EEV on Lo
l- n K DGPI IfZe £ ZA" |e IEL 2

j DGPI Ij I

j —} $

A ,EEV (707, EX 4241 | K

ee IZeyBEV
|| exv tr BAYeh)

DGPI specifies a DO FOR list element. There are two

versions. The single version specifies a non-iterative list

element, the double version an iterative list element. The

versions are distinguished by C{b,} of the first instruction.
In each version n¢ is a flow numbér which together with n¢+l
is reserved for code generation. n, is the sequential number
of the list element, starting from one. In the first version,
C{a} is the non-iterative list element. In the second version
C{a} of the first instruction of the pair is the initial value |
of the list element. In the second instruction, Cf{a} is the

final value, and C{b} is the increment. In all cases the

operands specified are of integer type (having been forced: to the ©
same type if necessary).
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DGPS: scalar do for list element

eev gue Ne i" | re|
K! pops | S

i Le WX

HH

ke
K

o.

eev Zee nef|

eev

» Ze eev

% bh,

td by< tr

IN
Lae
ett
eece

~~ N

han

Taarefee
“oem
atte

of
a”

“AxOYa“

The DGPS instructions are identical to the DGPI instruc-tions except all the arithmetic operands specified are of
scalar type.
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3.  HALMAT CONSTRUCTS

This chapter describes HALMAT constructs appearing in HALMAT

text. A HALMAT construct is a sequence of HALMAT instructions

possessing some structure characteristic of the original source

text from which it was derived. For example a 'DO CASE' statement

in the HAL source text would be converted during PHASE I of the
compiler into a sequence of HALMAT instructions possessing certain

unique structural properties: this sequence would be a particular
realization of the HALMAT 'DO CASE' construct.

A HALMAT construct is rarely found in its most general
form: on the other hand great variety in particular realization
can occur. Rather than give definitions of the general form of

different HALMAT constructs this chapter will therefore proceed
by presenting annotated examples of typical HALMAT constructs.

In each section the examples are graded.in complexity, giving the

reader a clear picture of the generality of each form.

The notation used in the examples is uniform with that

already presented, with one or two obvious extensions. HAL

source text is presented in its usual form. HAL statements which

supply background information but are not themselves involved

in the derived HALMAT construct are enclosed in braces {}. LINE

numbers are given in a separate column to the left of the HALMAT

text.

‘3.1 Macroscopic HALMAT structure

The HAL source text for an entire program consists of

possibly 'COMPOOL' declarations, a program declaration, and then
the body of the program followed by a 'CLOSE' statement. Each

statement of a program is terminated by a semicolon. PHASE I

of the compiler converts each statement to a PARAGRAPH of HALMAT

text. Each PARAGRAPH of HALMAT text consists of a SMRK instruc-

tion followed by a sequence of HALMAT instructions derived from

the source text. Occasionally a HAL statement may generate no

HALMAT text, the derived PARAGRAPH only consisting of the SMRK

instruction.
As many whole PARAGRAPHS of HALMAT text as possible are stored

on each PAGE (see Section 1.7). The end of the last PARAGRAPH

on each PAGE except the last is followed by a BMRK instruction.

The end of the last PARAGRAPH on the last PAGE is followed by
|

the instructions SMRK, CMRK, BMRK in that order. This situation
is presented diagrammatically in Figure 3.1.1 which shows the

macroscopic structure of the HALMAT text for a HAL program with no
©
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COMPOOL declarations.

program definition head. MDEF.

The first significant instruction is the

This is.matched by a closing
RTRN instruction at the end- OFthe text.

|

programe
q

LEED LLL CO LLP

definition ~~ | nerve[ES oe
wil

Ha [olsme

firstparagraph, J

Pinel 2 SMREK I | g for
1 | end of
! | ' previous

! page
!

ire? 92 T [ sme 1

i
'

|
|

|
i i

62 SMRE

tee
2 program.

'
close

|

t

end of block -

|

marker | tnd of code,

| marker

| [emer

WK [Senet
WLLLLLLLLELMLLLL LLL

empty

dst PAGE Rnd and

last PAGE

Figure 3.1.1 Macroscopic structure of HALMAT text

3-2.

INTERMETRICS INCORPORATED + 380 GREENSTREET - CAMBRIDGE, MASSACHUSETTS 02139 - (617) 868-1840



3.2 Arithmetic Constructs

In this section several examples of constructs corresponding
to assignment statements in the HAL source text are presented.

Example 3.2.1: simple unarrayed unsubscripted assignment

.DECLARE X SCALAR; ;

A, B;DECLARE CHARACTER,

A,B = X° + 2x - 1.55||!cms';

1 i “statement

ZAI: 1g DAE.@ nw!SMRK marker

v4 3. 4A Tl!
ops

1522 Zu 2 I {LITWL.| @ SPEX X

a * oe
3 5 UAL SLLENES,Nee (fe a ITOS (note 1.)

7 >
‘

Att. 3 I Wwacx (sve LL G! SSPR 2X

v7 ¢ om
~

5 2° L“Wac 4 CSIAC Vhs,g| SADD

A
: omens >

tYL AH,
”

;

ma
6 5

! LNT 1.55 eaopr th #| SSUB “1.55cf A a
,

'

/ f :

7 6° 17“WaC i LENG,Noe1“) | 8+ StoCc to character
f+} > — t

8 7 i “wact]} 'cms' LIT | {4
7 ey

MS GA a; o CCAT catenate
9 B

V BYE
8 |VZNae1 || 1 CASN - assign

> Poel q :

10 A UA syt 8 Aix D $1 CASN {note 2.)

’ {
j

Notes:

1. literals which. are integerisable, (i.e. have integral
values irrespective of whether they are written with

a decimal point or not) are regarded as integers and.

thus force the conversion.
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2. multiple assignments appear in right-to-left order

of left hand sides.
7

m

Example 3.2.2: assignment with arrayed structure terminals

DECLARE 1 ALPHA (6),

2 BETA (3),

3 ARRAY (4,2) SCALAR,

DECLARE ARRAY (4,2) SCALAR, S;

DECLAREVECTOR (3), V, Wi

R?

IR] = [s] IR] + V-wi

I | jp

2 s Aleve RB V/AABXTVA 6 | SSPR (note 1.)

3 Vv Vaalsye W CO“eye Gy g | VDOT dot product

v|| eke | [73 Zn | [ZA [otss
° or yt v j ;

5 R KAsyT 4 WASNAC @ g| SASN ‘free arrayness

6 6 17 tempZZAAAZ| DI SDLP and structureness .
TW 38 ww| ergy AL | bt sone || of

8 4 7 HEMD
)

LE pI ADLP statement

9 2 CAtIMD A D1ADLP (note 2.)

~TLO LLLKS ML LL, D | DLPE
|

a

Notes:

information on the array- and structure-copy dimensions
of a variable must be obtained from the symbol table.

the order of appearance should be carefully studied

in relation to the declarations.
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Example 3.2.3: assignment with terminal subscripting

DECLARE V VECTOR (6),

M MATRIX (7,4);

VY.to
3.7

M3 ap 4,2
* Ya go 6?

}
>

" j

WAZA ZA ee
1

io

(7 WY OAT.
-

ZZ
. )

.

2 V isyt| (7% A | RALC receiverZt LLIN,LNs Li subscripting
3 4] 1. , “e IMD 3

|
1 , IMD] [+47, |A | TTSB L

a f t

aoe nf, or
1

4 VIE: LEELiesLa Lo A I ALCE
Jj

(note 1.)
M :

i“ "/t,
| yo

5 M ie isve LL AE 7A A1 ALC
matrix

. + 4 : . a

.

6 4. Ax 3 | 2 IITYL, a | TASB [Subserspting:J Te

7 > 7 t row then

7. 2 Ae Yin 1

Ze“, A | .TIDX column

a o ,

| LECCE | [|
> ’

TA77 of : ‘

9 V rool “f|{A 1 ALC

Coy ve LAA Ly
on } vector

10 4 gZZATMD
'

6 | 1 |TMD  f {A | TISB |subscriptingay t

11 ZA a | ZZ tA . , JA | ALCE

r+ } = 7 t ’

12 5 VAC i A AVAC| #416 ;
VADD

rape Ze 12 Son oY@
|

VASN t
,

I assignment

a a ,
_

3
i

.

!

Notes:
.

“1. It is difficult to predict the order of emission of

the subscript constructs for different variahles in

the same assignment.
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Example 3.2.4: complex assignment with arrayness and subscripting

DECLARE INTEGER, I, J, K;

DECLARE ARRAY (3) VECTOR (7), V;

DECLARE ARRAY (4,6) MATRIX (3,8), M;

(V] = [MN]
| :

I-l TO# J, 3 AT K-4: #,* .

I.

! ; .

4 '
. |

Y SSL VAAY N
|

SMRK
—

ZLALZAZA 8 OATA| 8 |S | Sask

|oo 7
, :

>

att 1 SYT
)

oe Vp SEI
ISUB |) yeceiver

i j ‘
=

. .

7 1
¥ CLF Ly '

subscripting
° y al “

Li.LEZAWML
:

! ma >(note 1.)
; f q

eff /

4 2 AZyAC IIMD//\A TTSB

3 ss IIT
~

| LLNILLLLE |Z] [at aece
|)

-

:

So
F

]

ee 7/ ‘16 K / sea a ZanWr sel
_ISUB

| >
-

LAL gf fe bo ALL,
7 mt CLASNE aes fee Ye. A! ALC left hand -

IS roo ao!
‘

i

“

ay
t side.

.

8 5 C/r1SVT (i al 2 Le “f, A AIDX subscripting
eel J 5 ‘

“S14. yl ' Le P (note 2.)|
3

Od Ae | AASB .

ot}
=

6 WAZNRC> 3
1

— eZ
f f owif om fo ;

$

Lol}. 3 vss IMD LiLE)a ae, ALIA TIDX

ve
ee ONO |WLLL NLL BA mcs |

.

: I. oe t t ~

Po

12]/}° 3 Lf vac} | 7 VZNIBCS| 1@ VASN
:

”

1 et

Vie Y/Y { )
(413 3 11m| LEE oe DI ADLP |iarrayness .

|

o; v

A

fy YY DI DLPE e ecifiers14 ; LALALLL ae i |
P

:

Notes:
1. The value of # in the source text is known so that

its value is inserted.

2. No instruction

appearsfor * subscriptssince that
dimension is 'free'

3-6

INTERMETRICS INCORPORATED « 380 GREEN STREET «. CAMBRIDGE,MASSACHUSETTS 02139 + (617) 868-1840



Example 3.2.5: complex assignment with formal parameters

ZERO: PROCEDURE (A, B) ASSIGN. (C);

DECLARE ARRAY (*) VECTOR (*), A, CG;

DECLARE ARRAY (*,*) MATRIX (*,*), B;

DECLARE INTEGER, I, J; So

INTERMETRICS INCORPORATED °

[C] = [A] + [B] .

1 To #71 ,
2 TO # *,#-3: 1, 4 AT #4+I-5

|

:

! i

:

5 l 1 .

: A CAA Ye yaa , '
,

IZ77 eZ oe

“fe >
: -

2 go - /AIMD 1 VALI SE!ISUB

=F 1 SP. AF Ve :

||xreceiver
3 Cc WZhsveCLE EGLL. M RALC [subseripting

4 1 4 2 {IMD 2 !1 “WAC Al TTSB (note 1.)

Aa a r, Foy
WLAN CLL. Al_ALCESe SoS | |

6 A (ZAASYTUfd MEPLA AlALC subscripting
7 2 12 jrMD QO 1° IMD At TTSB

of A.

iy Ae 2 TZ. ra i »inote 1.)
Z

fg .

WAI GzLy NL Ay
ALCE

ne area ——¥ rar T
“/, VIMD 3 AALET SE| ISUB

1 IMD fo
SYT S} IADDofa

zp) [FZ !
11 1g Avac 5 AoLIT SE} ISUB fsubscripting

:

= oA > ot Les o>- f ‘of B. -

ay) OIA LBS | note 1.)
' ‘

7
po

w Fy
.

:

we .13 9

| IACLLL 1 he A| AIDX|

= e a oP - s
|

14}) oI VZANSYTASG 2 WZ YN IB | TIDx
(note 2.)

, { } {
" YF } :

15|| 19 42 Ivac 4 yj. pre} |i) ja t cass

Mii Pi ioe “f SE i?
o

w
|

WZZZAIZZZA |

fe Teel ‘Lf

17 6

(.v vet
12

iSVACoe,
@

: VADD
| 3. KY iVAC 17

Cf

lvac | VASNoe
+ Za 7 ZA . ss F

arraynessa

ae,
oof Pp19

;
C11 ast LLMNG9 ZAD1 ADL

ney
7 Pes

,
yr = ve

wo :

a

.

1 T 7 1 1
- ‘ 1 } a ,
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1. The value of the # is known at execution time only.
It is referenced as the lst array dimension of the

variable being subscripted.

2. The value of # is known at execution time only. It

is referenced.as the column dimension of the matrix

being subscripted.

-3. The arrayness is known only at execution time. It

is referenced as the lst array dimension of the symbol
-table variable C.

Subscripted character variables with the 'VARYING' attribute

have # values which are never known until execution time whether

or not they are formal parameters. Their constructs will

therefore always be of the same form as the ones for the formal

parameters presented in the above example.

3.3 Flow-Control Constructs

.

In this section examples of HALMAT constructs representing
HAL flow-control statements are presented. Flow-control state-
ments include 'IF' statement, 'DO FOR' and 'DO CASE' statements

among others.
°

Example 3.3.1: simple IF statement -

{DECLARESCALAR, x, Y;}
IF X<0.5 THEN X=1.5+X;

Y=X;

i eo

LLLNEING 31 a Nt SMRKWLS Me ata z |
> wo >

t =

,
$

”

.

.

x
“Lf

ASYT 0.5 -“/A LIT -| {Lb-{ SLT compare2}, WL,PMA A
| 7 We | PBRA33 int 2

Vegiac ZN IN F
7

of >
"

, "YS

1.5 ASALIT x A ASYTY % } SADD . true

— St Sot <|. — : part
,

AN | SasNXx eo Ze NRCD a N

fo |

7

LIND LIME OL } LBL false branch33

LAL Ei
:

LL NSA LO N | SMRK

LL,LEA w|_
3?

AZZ 2 |
+ fof ‘pp ao

‘ .

:

SYT Xx iSYT { SASN

'
. ’ | .

~
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Example 3.3.2: complex IF THEN ELSE statement

DECLARE SCALAR, X, Y,

ARRAY (3,3) SCALAR, G, H;

IF(X>1)&([G]=[H])THEN GO TO ONE;

_

ELSE Y=0;
ONE: Y=1;

|
j

|
1

ZZ 4, Za
Ny SMRKZZ WTAE Z. o } Ryseek

|

/

2 A /
@ ,

ITOS (note 1.)

> “too + —rist
3 x

fo

L | scr conditional
eee 1 2

.

>
.

oo
.

|
.

.

4{) _G i
é

|

AL

| SEQUa8> oy 7 .

7 of arrayed° : lim DELLE.Ye D i ADLP conditional
Sih. CP INS fet | OF t

6 47/lIMD la ML //|D | ADLP

,

GF
.

“. ff a

o |7 ZIALEEM“ ae alGZ a he D
| DUPE 43

8 |WVIvac 4 A ivac | |* 7 nN | CAND
ie |

9 44a feATM a: Zin “7, 8 1 FBRA
 |-£818e_ branch — |

> rg CLP f f o ANF Poe ! (note 2.)
10 || one a7CyuisVY,OLPIL | a] (BVBRA

"

os SSeS r

1}i{ 45 4% OLY EEL AV 1B
fe i ee ee

12 44 INL | OP A
A

ALA Oe 1 LBL

tt IN IN EL
CLS LE. Aff

Lh

13 Le thea 34 LL N | SMRKLLY NU CAAA
> or > ie gl

14 ¥ WASNT GS Lee LIT]! fo | | | IASN .

LZ ad
.

.

:

r

7 re a t :

OL fe ZG 4,15 45 (AINELie VY LE D
|

LBL true branch

16 LLL 35 SLs g |IN } SMRK
y

o

tL .

17 one ZA1SYL LILIA % Ag OS| LBL

LN LIS OLA PI
|

,

See I

18 ¥ Zee - Ll VAAILIT]] @ G| IASN |(note 1.)

aL _ Hat t
'

: | tt ‘
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Notes:

1. Note the consequence of integerisable literals.

2. In this case the branch round the true part is |

redundant because the true part is itself a branch.

Example 3.3.3:

{DECLAREX SCALAR

DO WHILE X<5.5;
X = X + 0.1;

END;

iJ

DO WHILE statement

3-10

' {
’ {. t

Sf fe, rs i ° iy ig "

+

ZZ DZLiey|| 36 LAS 41 | @ n| SMRK

Te ane LIE
7

Zz wy! per
primary loop

.

>
A

:

- > oe {

XL. iAsyr. 5.5 eAarT “7|u! S~T: | test
. }

*,
: .

49 olin 3 Ware MA ALN FBRA

oS re 7

LEZ 1 GA @ | [wt so
|

7 arr Py | loop
x bse O-1 VA LIT “#2/16' sapp | contents

>
t ~l

.

| . !
.

. ‘
:

x ir Asyt 6 ac g g' SASN
:

vat 2 i oe ie y . a “i
}

48 Ainn | oe A ee | | RA

eM ee Ne gple ALE {
/

< 7
f ed ’

49 Te Of 4 ANSEME, DB LBL, QQ

nsae I
——| done

1
e
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Example 3.3.4: DO CASE statement

{pectaRESCALAR, X, Y, 2; }
DO CASE 2 @;

END;

I | 1
i J }

ADf fo EMP
f '

WLAN | 38 ZrPZ|[o| [at sm

> ys fee Ve oo 1

2 2 AkIT ML OL AZ| |@ I. rtos_ |lcase

f f ; = t variable
3

2 ac z ov LE d | SSPR |lassignment
7 Ft Ws my T

4 g Alert 3 7 WAC 2 || @| SASN

root TIS a
;

“(note 1.)
s|[_ 52 tis AA | || era | inote2)4 1 C T a 5

6 2am 54 127HINLgD @! cLBL || (note 2.)
.

{ 3”[= ! } .

,

7 ZZc oe 39 W444, Dp N!  SMRK Ist

vee ranMe
—> A=

-

| case

8 Ba Y SoSY? ZB G1 SASN
4 1

Wy t ary tT - 1

9 51 U/AAINL Za ‘ MAELL. @| BRA
|

—

yo i j 1 y
,

{10 52 ¢

ey 56 AL 1 @'! CLBL (note 2.)
, : 2nd

a CoeALPS 4 ee A, ® |{N! smRK
||casea“ {4 Lo. L

|

fl2 51 Be LILLEZF @| BRA

a ler
-

_ ‘
.

.

13 52 | “lINL 58 4 ue 2 |{@ CLBL | (note 2.)
~

. rs a ,
,

1 +

14 LEEMA , Al

eZAy0 DB N
_

SMRK

(7, ! ae Sy ment

;

a, £o I
mee 1 .

E

:

A y 4 computed
16 52

a D GLI 2 ||2 |
CBRA

branch to case

“
e

oF 5 ae
i

:

‘

i7{| 51 “es SLEEP NA AL LN NELAADV- LBL end
. 7 i a. LELEZaSoy fot

destination
:
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'

Notes:
.

1. The next successive internal flow number 53 is reserved

for object text generation purposes.

2. The next successive internal flow numbers to Cf{bop}
are reserved for object text generation purposes.
Note that the last CLBL instruction is redundant and

does not indicate the start of a case.

Example3.3.5: simple DO FOR statement

| DECLAREI INTEGER, Y SCALAR;}
DO FOR I=1 to 10;

Y= Y Y;

END;

t '
ef

! ab :
-

ca ~ Par
aagr

amar

> -
12|- 37 MAINE | LV

LA Of,4 4.

. }
:

Ne awe | TLl he” VAAN 420 CI N | SMRK
LLL LA MLE, eves +To oe

: — ee :

‘

. AAA GLI T we
,2 38

|CS
G

we LZ N | DFOR header

= 7 ae ged
-

fa3]} ot eeturr |) ae ta |p | {9 DGPI range |

—
> wot 7 —| .

.

4 1g Co inrt 1 ATMV7{| ot DGPI expression

So ae 00 fF ANA done |
37 CAINL 4" AAA |b lp cone

AE VMN AAETA 8 ORE
:

: ,
:

of

fo a
a

~ ”
: ;

ter
6 36 LINL Z SLD APYSA OLAN | LBL

en

or 3 LEE INE a) 4 body
4, OS Pe aT ye |

IWZ2ABAAEEA fp

=| [AS SI =| |

,

8 Y. LOASYT Yo Lt /iS¥T Wy g SSPR loop
tn wt ¥ |

at }
bod

.

> Yo A VW kz
i 4

a) Y peisyty} 8 14 VAC g | SASN :

TTI APACE ag Vg)
Pw

— |

|

1o LLLEISNEE 44 (LE
g an SMRK oo

|

|

a1 38 VIN 38 iv} LI | {1 0 | DFRE. ongof oea 1 a t
° :

.

a; i 4 ¢
:

om Afi, Y) oe
LBL maceAN Za |2| :

|

i
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Notes:

l. The DFRE instruction indicates a branch back into the

increment section of the DO FOR, as. indicated by the

DGPI instructions.

Example 3.3.6: Complex DO FOR WHILE statement

DECLARE Y ARRAY (20) SCALAR,

INTEGER, I, J;

DO FOR I=1, J, 4 TO 10+J BY 2 WHILE Y,<=0;

- 3-13
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|
,

> 31 LENE.42 THE,g |

N

|SIRE
2 62 ron Tf VA7exe Yj n | DFOoR -header

} 4 a” 4 . :

3 0 Vere 64 OBg {11 |]o vepz lst element

4 tT Aisvr 66 Ag 2 g DGPI ‘2nd element
:

Jana}
.

:

st} 10. VALI o

ZBYTLoe g | Tapp

6 4 VALI 68
‘

1 3 |{@ |DGPI
|t

3rd element -

St =
‘of DO FOR

7 5 (Zac a YZ, @DGPI statement |
tt

wes ovP — done
INL. ay DGPEeee eae A : me: :

most + o a
:

'

enter.
9 69

iy LEEAV,
N LBL

“while test

vy
a

7

fe i
+ .

10 ¥ Aa AGVr LE)Ay
ALC

7 re wie ‘

41 SYT f- l [AA4 17-1 | A ) AIDX-

es a77ueZe |iP os a “ eo i
.

.

imZIMEALCLEMONSAMEE Joes
|13 vor LL PP EAE BINS S.

IvTos |

—

tal | ae xe 13 ANACvA | | 8
|

SNGT
|pe 1 . fy eo “)

a
a La aye fail _

15 61 ym “14 AC | f @ )FBRA >ELSE

IZ eS |? ee
|
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6 |LAA) | || | | fs |
meen Pa ho ot ee ig ab ae rz ?

YE

V8 ey (CZ|
|

Rat
18 t

ye

CO yA be, ape

LEB GANA
IBDN

NpSS
19 FPA AT

SIZ

FOr
|

LEN EM
|

NE
|

20 VLSATT
|

, ‘to current

;

g Am B.| 18 |
TASN

“DO element

21 44 A) g N | SMRK

Oe MA 1 fo

22 62. elon] | 3
|

DPRE
end of loop.

.

- ee asl be

p
(note 1.)

23 MOA
AS

LBL L$ $$
:

|
.

;

Notes:

l. If execution came from lst or 2nd DO group, the ;

current DO group is defined as the next in succession.

If execution came from the 3rd group, that same group

(because of the iterative nature) is defined as the

current DO group.

3.4 -I/O Constructs

In this section several examples of constructs corresponding
to HAL 'READ', 'WRITE' and 'FILE' statements are presented.
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Example 3.4.1: READ statement

DECLARE V VECTOR (6),

S ARRAY (3) SCALAR,

C CHARACTER;

READ(5) Vi TO 3°

J |. 1 | |

WZ Ao beae

2 5 VLArw] (CZLE 5 | READ

H&A bowl a I a ane

4 1 Eid CGO 1 (LEain | erpx
sO | | ms

6 3 ! v tvac LEE Lf, iL! LIST
TI OPee Ne

AS AL

Oo Y

7. s Is isyr ADDN ML “J(u! List

st 3 V/AIMDMAI J/4 |p ! ADLP

9 ALEMN EN LLIN (CF|p | pnp

10 4 are ALLLLIE “ella FSKP

|| Ease ZA i cm

12 c . | C isyr LLL, vet, 1| LIST

| ZZWELLIN iN 18

;

3-16

S, SKIP (4), COLUMN(1), ¢;

read head

|1lst list

{ element

2nd list

Lelement

I/O
‘control

end of

list
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'

Example 3.4.2: WRITE statement

‘DECLARE 1 STR,

-2 MINSTR(2),

3 TERM ARRAY (4) SCALAR;

DECLARE ARRAY(3) MATRIX(4,4),
*

WRITE (6) P+Q, STR, LINE(1),

P, QO;

1.5, TERM;

-INTERMETRICS INCORPORATED » 380 GREEN STREET - CAMBRIDGE,MASSACHUSETTS02139

Notes:

1.

_integerisable.

3-17

auleYs,ZINE.WE. ZB w!SMRK
|

2
& Zi LPApAL?

5 n| WRIT write head
31}. 3B Aisyt 0 V7svr , g! mapp

 {}

lst list

4 3 fu IVACLLLELLLLe ByLIST
eremens

5 3 Aan YYdforGLLL. || Dp!ADLP

OP ENS OE Lo 7

6 vyoe VINSS. VAALKLLAG4 Sd p! DLPE
©

, T t > ee ”

*

t

7||_ site I IsyaGGZ YLb)
rst

|

>
; I

8 i

ZABITLLM LL. te FEIN }control
9 1.5 S EIT LILI “/ byLIST (note1.)

10|| TERMI's sy GU, LL. ut LIST Sthlist
ll 2 iZ7 IMD VALMLLSS “y DI SDLP

Sf, 7

412
_

4 Zine LIAR Oo D|ADLP
13 LLLMINE LLLEEAA

ME DI DLPE

oe Ye a a
,

| LAZZNAAA [ot |

The literal is given scalar type since it is not

(617). 868-1840



Example3.4.3: FILE statements

‘DECLARE 1 XX,

2 YY(3),

3.2 MATRIX (2,2);

xX = FILE(4, 22);
FILE(4,23) = Z ;

1;'

[ZZ

‘3,5 Procedure.Constructs

4

i
:

é

Vs

|
4
q

@ ||NI SMRK_

3

esp 22 pc WZ nu}rau.rot= (// svt 2 1 Wac|| g g| FASN -

7, ory

Ld Mis 47 AL g NI
SMRK

4 VZATMD are: Za a FILE

Tot pn

Z AASYTIDE:MeZA Al ALC

thE
er

a t

Ll U7AMD- VALS.1 opAAV Al SIDX

SSS el ae
7 mS a -

r e

LLL y LOL ZiLD,
ZB[44 a _ALCE

5 UZgurc Cpe% ||| MASN.

read from

file into

structure -

write matrix

onto file

In this section examples of HALMAT constructs representing
procedure calls, returns and definitions are presented.

Exampis
3. 5. _:

TWO:

A,

PROCEDURE (A,B) ASSIGN (C);

DECLARE VECTOR(*), C;

DECLAREMATRIX (*, *), B;

C= A B;
RETURN;

CLOSE TWO;

3- 18 .

proceduredefinition and return
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ZZ ne
eee

wt

SMRK -

branch round
7

1 CSit,

| WLC ae

at! 77 po |Z
| KEMf Z g! BRA

31] -Two Da CLE? G PDEF

4 Ah VZssxWZVLA (IMLS Usd g! List

5 B Zsen LLLL,‘iG Le
g} LIST.

6 LLLIANbaCL,CLLNMSML B, CASS
7 C V/AsveCALIDASE Z| g| “List

8

LLNS,Chi, G  LSTE

eehe
ae
ah

ee
ee

ee
eh

td
Ne

9 GLAMISA. g SMRK

10 MLSLLNS 58° ice, @ || NI SMRK

fa GFLL IV 59 v7AGE g || Nt sMRK

112 A VYAsye B WoASyt yy,“i, , VMPR

13 C lsve 12 Ie WNCg || @| VASN

hel ZAZA ZA Fo [sae

[15 bit
TWO Lee Le

Ql RTRN
|

16 LLL MG 61 LIMEae
{ Ny] SMRK

17

LLL,ref TWO

ee Z,a1 RTRN
18 1 TNE eoBLESWL ? | LBL

|

Notes:

|
!

=

=

procedure body

input
parameters

assign

parameter

markers for

declarations —

procedure
body

(note1.)-

‘end of branch

round body

1. The close of a procedure always generates a RTRN .
instruction, even though the last executable statement

in the procedure body was a return.

3- ;

INTERMETRICS INCORPORATED + 380 GREEN STREET - CAMBRIDGE, MASSACHUSETTS 02139 +
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Example3.5.2: procedure call

DECLARE ARRAY(4) SCALAR, A,

DECLARE C CHARACTER(5),
|

P MATRIX(4,3);
|

_I INTEGER;

B;

CALL THREE ([A]+[B],C3,1.5) ASSIGN(P) mo 3,1+1)7

INTERMETRICS INCORPORATED+ 380 GREEN STREET - CAMBRIDGE, MASSACHUSETTS 02139 -

3-20

te ' 7

WINE,
:

|

LA eZZI ||) carcutation
2{|- x fsx (ise Yy L I SADD for lst input

sh] 4 GZITM A v4‘7 Ve, D ] ADLP
or

gemens
4 ZZ WI,LLL.“he “ Vo NI DLPE

|

(note L.)0

5 |].

C
.

GassCIPSIE GAiN ! ALC

|

catcutation
6 7 imp 4 LILO a | TIDx | input argument

|

7 azOECALSREAOE, ZZ L ! ALCE
|

|

8 WE T aire er SEIrapp |}.
|

9 : riser LALAt A RALC calculation

7
ae ;— for lst assign

10 (ZZ1TMD IMDY A | TISB argument

ju Avncaan ZeYANa! ae

EIA LL Nietmcs
|]

113 see(Zo | V/AINL3 | ¢ | CALL (note 2.)
dia

| | S IvacCT, Yi, Dp| LIST
input

r6l| 175 I sS ILITVALIAKLALO g | LIST ©

| ZZAZNZZZAL| oe|
18 1Vv IvAaC

r

LAGMLN D ! LIST }assign
° LALLE LANVZZ|P| 1S )

—
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Notes:

1.

3.6

ADLP and DLPE instructions appear if an input argument
is an arrayed expression, or an arrayed subscripted
variable. They never appear in the case where an

assign argument is an arrayed subscripted variable.

Equivalent statements may be made about multiple-copy
structure terminals.

The internal flow numbers 78 and 79 are used in the
generation of object text.

Normal Function Constructs

In this section examples of HALMAT constructs representing
user function definitions and invocations,
function invocations are presented.

Example 3.6.1: function definition and return

— *
;

FUN: FUNCTION (A,B) VECTOR;.

DECLARE VECTOR(*), A;

-SMRKJf

and normal built-in

branch round

DECLAREMATRIX(*, *), B;

RETURN A B;
CLOSE FUN; .

TIT NI1 ZIM,DE. ™
2 Gi BRA

L

3 B FDEF

4 g! LIST

3

° B LIST
6 Ql LSTE

—t
; Nl SMRK

8 NI SMRK
I .

!

2 Ni SMRK
J.

‘

10
.F

f Gi -VMPR

> ad ff,
tc

Y ASYL | 1-27 RTRN11

— Sac FUN

LI WN, a
12 LLIN Le 72 VMS D N| | SMRK

3-21

J
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function body _ }

l argument
list

declarations
>

,

.
:

return Vo.
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{ T

13 1 Ane ASAINLLea| Z| CALL (note 1.) - i
i

ae

t |; end of branch
14 82 lin WLLLLNtL, P| LBL, .

round body
T :

Tt {7
|

Notes:
-

1. The CALL instruction is designed to be an error exit
in the case where the close of the function can be

Example 3.6.2:

reached.

DECLARE U VECTOR(4),

DECLARE ARRAY(3,2)

V MATRIX(4,4);
VECTOR (4), S,W;

DECLARE ARRAY(3,2) MATRIX(4,4), 7;

FUN (U,v) + FUN(2. 5(51,1T1/(Tl,

INTERMETRICSINCORPORATED- 380GREEN STREET + CAMBRIDGE, “MASSACHUSETTS02139-

(W]
=

a

I ZZZZA|“ZZo | by!sex

att run VAs
|

CAaw 2_ |r , FUNC

3 U ly IovenDyesLA rp! List

al] ¥ re ion ALLKLLL Ls pl LIST

3 LLL SALA Le, So\p ists
_

LL ee
6 oy “syr]| 225° AZbs 7, |ps!_VSPR
7 Fz Zien LLL SALE, or FE.| ALC

3 1 A ro LLL 2 VAAVZF | TIDX

9 honLL | 1 YY,(Ale | TIDX_
LoLAL SLE SEAa (ZC)[PNBCE

ful VZAsyn7 es SS. FE! MSDV

an 1

aveleale12 FUN4Sasxe / VINL {2 | |F
!

Func

| 13] 6 | VvIwacLILAA F LIST
14 M Ivac LL ANAAe A “Le F | LIST

‘|15 Ye Soe Z Fl LSTE

3-22

A

user function invocation (using Example 3.6.1) .

(note 1.)

first

invocation

evaluation

of

arguments

second .
invocation

(note 2.)
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7 ivAC12 NRC-_ {16 2 g VADD
“Eo

oa }
.

1

tae 77)
t _assignment —

7 | SN .

17 W

1 ZySX7|
6 UAWac D | |g

}
VA

ae =
7

18 3 VA/limp Wh Y, {D 1. ADLP ‘arrayness

—
:

fo
Pig a

t specifiers
19 2 (4 IMD “ SRL) Mf D | ADLP

_

. 1 1 —_}

TULA.
ZA

201 ML Uh, LATED,WY |?
: t ‘

t

Notes: .

“Il. The internal flow number appearing in-the FUNC instruction - -.
and the next consecutive One are used in the generation
of object text.

2. Note that the arrayed arguments in this invocation must

Example: 3.6.3:

match the arrayness of the assignment. The implication
is that the function is called the number of times

specified by the arrayness, not once with an arrayed
argument.

normal built-in functions

{ DECLARE X SCALAR, MMATRIX(4,5);}
X = SIN (COS(TAN(X))) 4+ DET(M

*,2 TO a)i

‘

1 GYWML:98 ML g n| SMRK

2|| TAN Jove 169 Lise 1 re! rune

||

3 x Is
|

Isyt HEE LA | LIST

Lie,LOANCLALE:AVZZ||2! sone || functions
5}|] cds IC/swnee orkwe1 =a FUNC

© cenceto
6 2 ls IvACye, Ae “| F LIST ourer
7 YALA Copa A LSTE

s SIN “/ isu|
|

184

Loe
1 TF | FUNC

9 SsIVACVILLE| TAG F LIST

fro AAT LLG; Ze,F | iste
||
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jr. M Z|SYTLEEDie) WEE ALC

= T :

‘
t

12 VZ-TMD I (EMDYo F | TTSB

|Z14 DET Vaisynt| 196 SZm ya
|

|e FUNC

fis ll | M WaSLE ENe F | LIST

fie LLMELEECLMLAL Al | LSTE
17 we : 4 1ZivacLf) � Savd

18} ]- Zee 17 (ZZ G Iie !SASN
7

+
:

3.7 SHAPING FUNCTION constructs

In this section examples of

assignment °

HALMAT constructs representing
SHAPING FUNCTION invocations are presented. The examples

not exhaustive and are not guaranteed to show
the full complexity of SHAPING FUNCTIONS.
presented are

Example 3.7.1: SCALAR and INTEGER function usage

DECLARE I INTEGER,S SCALAR;

DECLARE IR ARRAY(3,2) INTEGER,

SR ARRAY (3,2) SCALAR,

SQ ARRAY(6) SCALAR;

I = INTEGER(S);

. (IR] = INTEGER([SR]); .
[SR] = SCALAR([SQ]);

[SR] =

SCALAR,»(4#S+2.5, 2#I-1);
'¢

:

3-24
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‘first

INTEGER

shaping .
}

function

>

assignment

2nd INTEGER

[function

(note 1.)

assignment .

arrayness
~

|Sspecifiers

lst’ SCALAR
function .

(note 1.)
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ZZ ZAR
2 VIS

|

156 ly Aina| (ZZ MlSFST

31] -5 VAABECN,157 ALA
|

2

FIFUNC

4 $ I's isvr ft pM MLo SL. Fl LIST

5 LLLAS AL Li YALL ee F LSTE
|

6 ZZ 156 VZAINLWe | SEND

7 7 VAAsya 3 (7 wae o| 6 TASN

8 LLLLMLA,‘LV| 72 VAM, D NiSMRK

9 1 WG 158 V/AINLee MISFST

10 5 VAFCN159 EZ) 1 FI FUNC

11 3 Ye LL 2 ZZ Oe FIASIZ

[22 2 V7IMDYip, ae is F ASIZ.

13||- sR Is IsverVLAJEN oe F| LIST

14 aa LLNS,ShoLIM, ef, F | LSTE

“415 1 VA 158 CLAIMA mySFND

16 IR” CE 12 VeAeVRCg | IASN

17 3 AMD YipesIT,AW» DIADLP

18 2 Vso (LAAN pl anne
19 LA geLoryCp Se pl DLPE .

bl AZZ ZA Na om

21 VALE 16@ LAI LL, ul SPST

22 -6 Zacen161 LE a el FUNC

23 3 WZ)1H LL A2 ZwLL FI ASIZ

24 2 As VIL 1 Cr Aig Fl ASIZ—

25 1s IsvrSLATELo FI LIST

26 EEESLLNG
,

yf (Ze FlLSTE

27 1 ey 16D.VEE.INL] | MlSEND
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, v - q
=

| "

J

28 SR sve 24 Ce WAC| | g gt  SASN

wf, ve oF ;

29 3 Vimo EEL fg D! ADLP

pot]
|

ot Imp| 17"LIS ML AV, pl aDLP:
tn

}

{310 LM Lge “fc| 2! DLPE |
JZLA

T

2 D N; SMRK

33 1 2 162 ¥ a Ml SFST

3a $s ZZ 205 Ze EerT SADD

VL
: ZB Le A |

ca

35 ZA 162 (/ AwWA
> U7 t 4.

et :

36 Tr Vases 1 ita Lo Fl. ISUB

:

7
a > Ve

~ |

37|| -6
A Arc] | 163 AMLe 2 || Fi FUNC
t | ——

=

38 3 Ve IMD | 2 37 fa F| ASIZ
” art aan t

'

[39 20 VAimpMAfA 1 (Ze te Fy ASIZ

. vr T ,
—%

ao{{- 34 Is twac 4 11 ILL 44 F] LIST

— 4
>

+ a4 |—-+4—_—_—_

Al 36 'T Ivac | jLIT Lf, FJ Lis?

77 rary TZ. rr]
ez

a2

Vas Lo ZEOME Y, |
LSTE

43

= VvceTZ |

10? A/AINDoy a
SFND

aa{{ SR |/ytsyt 37 |aac @{| @I TASN
:

"

-
an — ot

{ “ —

45 3 ANIMD LZPAE
ie ONSTANGA D| ADLP

47} L. bo

46 2 ZaTMD CAL)wa (44) | pi ADLP

7 PK 7 UP
PA TPS. Sb oo

2 KA ALLL YLVLENZ| | PDIP
— Tm

7

+

Notes:
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arrayness:
specifiers

2nd

SCALAR

function

(note 2.)

assignment

arrayness

»specifiers

1. Notice that when the shaping function has only one

argument the arrayness of the argument need not match

‘that of the assignment,

3-26.

and still the function does

not require subscripting.
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2. This shaping function requires subscripting to identify
its arrayness because there are two arguments. Note

the positions of the HALMAT text for evaluating each
‘argument. If both arguments were symbol-table variables,

a vestigial SFAR instruction would still be left. In
the general case, the expressions might be arrayed, in
which case arrayness specifiers would appear immediately

. before the SFAR separator (or before the FUNC instruction
in the case of the last argument).

Example 3.7.2: CHAR and BIT function usage
~

[

DECLARE B BIT(42), Bl ARRAY(5) BIT(10),

Cl CHARACTER(12),
.

.

C2 CHARACTER(10),

C3 ARRAY (5) CHARACTERVARYING, |
5

V VECTOR(2),

T ARRAY(3) SCALAR,

S SCALAR;
J

B= BIT, mo 2(S)i

(Bl]
=

BITgygx
(Cls 4#C2)j

[C3] = CHAR,([T],V);

/. -

r/ ML
f { Y {

,

1 WHEE LYE2 NI SMRK

1 A. eer f : a
2 1 VANSS, 164 ANINLCy M! SFST

we pt ¥ = :

3 -1  V/AFCN|} 165 VO 1 Fl FUNC
tz 4 Pa ste

af

.

4 32 Laren ALLAD oe LL, Flo pstz-)] lst

5 I asve 32 VAZSIMDA F! TTSB >function
-

Fr ? 7
4

;

7
Lome

.

6 8 Ls)tsyvr LLMLAEYs Fl List (note 1.)

LL he
°

‘

ff,
‘

.

IZZAIZZAAKa sof
mo

.

8 1 VINE 164 fi Ke ml_srnp |)
> +

*
.

7 '
:

,

. ma B sve| 3 AZIAC| @. gi BASN .

assignment

3-27
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WT} TH

10

MIG
77 LE. g

N! SMRK

11 LIZZ 166 V//NINELi MI SFST

-

a F et
. Fa , 7 t- "

12] 1 AAVe“ 166. /7 ENL “az M| SFAR

+-—>-4 7 nt |
13 -3 Zee 167 (LAN4 2 Fl FUNC

V7 7 I I —
—

14 5 Zee LLLAYCz ZG P| ASIZ
415 48 Aa LLLAD LS FI TSIZ

> t '
Wy ee

P °
T

16}| cl uc Isyt| (A477 A Py List

= { t te fey ee
17 c2 | C IsyT 4 | LIT

°

F! LIstT
t r . {

:

—

’
CL MLSS, oa ~~ .

18 MLLNAML, YLiESNL 47{ Fl LSTE

17 7 ? J

419 1 Ge 166 VAANVe, M| SFND

20 Bl (Assx7 13 VNC g % BASN

} Sy .

‘

“yy -

. L

Or 4 LLL ANNA,
21|]

8 M0 es CAIN|e)B08

.

:

. we Lo
* “AY"

‘

thy, , ay Pod ‘

22) CLEANLLL ZN |234)“ 4 OSS MS9 78 14741 | @ || NE SMRK
az soKoes LL All}

24 1 Lo “7| | 168 L ZANINE| P08 MI SFST

25 1 ON 168 Nt Wy M{ SPAR
pr 5” fo a l

oe ¥ rl
Y

26 ~2 WABCO169 AKO 2 FI FUNC

fA TAV/s
WAAL

2a{| 8 Arm 7a AA | BLasia

28 T ! S [eve Aff EVIRES S- Fl LIST

=~
| To re F war 7" Ole

29 Voi v isyt Le Lp the ae FI
LIST

‘ fo, oL, ue f i. ae A “A
:

fo| LATA OL A
31 1 LN 168 (//VIND“7/ | Mi SEND

_ 132 é3 LASYT 26 VA gt 9 casN
- Le .

:

1

33 5 Z IMD VINA, Vf D| ADLP
ro {

:

.

i

34 LE:BALSLLLLL to DI DLPE
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function

(note 2.)

assignment

arrayness
' specifiers

CHAR
* function .

(note 3.)

assignment

arrayness

specifiers
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Notes:

1. The terminal size of the function given by the TSIZ

instruction is the number of bits in the symbol table

variable -S-(assumed -single-precision). The following _
TTSB instructions calls for truncation of those 32 bits.

2. The array size of the function given by the ASIZ
'

instruction is the number of elements in the argument
list. The terminal size of the function given by the

TSIZ instruction is the maximum of the lengths of

arguments, in this case 12 chars.= 48 bits.

3. ..The array size of the function given by the ASIZ instruc~

tion was explicit in the source text. No terminal size

specification is made because the CHAR function returnsa VARYING character string.

Example 3.7.3: MATRIX and VECTOR function usage

DECLARE B BIT, I INTEGER,

S SCALAR, V VECTOR(12),

Ml MATRIX(3,3),
-M ARRAY(3) MATRIX(2,2);

V= VECTOR(S,B,1,ML);
* x

{[M] = MATRIX (2#M1
3:2,% 2 aT 2,%*)}

3-29
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1 WMA .82 WI @ |} NI SMRK.
.

fs ft fe oF
.

‘

v Fa

“ny
; a

7 >

2} 1 VANS/ 172 Vn YL,M! SPST

: ft
:

org ‘
:

fy a "|
i

3 1 pee: 172. (7 ,)INL 41 Ml SPAR

4 LMA | 72 eeu | bw) spar
(fale 7

.

I f, wf fe. . .
rT} vg tT oF i

5. 1 VAAL 1720 ta INL | [-<r|| MI SFAR
.

q ars T

-
$= .

6 -7 VY leon 173 LL PAL 4 Fl pUNC

pc
Fr

tr 4
. vo nel

,
4

1 iw“ AF NY MAA AAL PI siz7 2

een | Le
LS)

|
S

:

ae 2 7 wa re
8

sts isva LLLP MIESL, Pl LIST

:

.

eg oe
fl

, ia f ’
«

9 BB IsyYT Lo OMA SOL 4 /f/| Ft LIst

= + oe Pt} H
10 T I isyt OL JM VAY BL Lost

. > , ¢ is a ae

11{{ M2 om jsyr ALLE MANIA) | Ba LIST
eo ap Fey oo oe ow : _

/, oo, < vo
1 “

<
.

x AL.Je , # a

‘

.

12 MLLERLea tf < WoLee a
fc Fl

USTE

: arn Af + ve v

13 1 eA 172 VWAAINL I <<] | My SEND

f 4
f

: + a. J f
r

.

{
. dé

14 Vv He ASYT 6 uewac || o | VASN
Ad i 4 ;

ALP Pls Pa ce J, wo al fo
ene, 83 jetty N|  SMRK15

ad oot YA Me - wd AM g
: |

oe roly 3 8 - r
416 1 oA 174 7/ JINL A/| My SFST

Foye a oe we s fe t

> ot a eea “Yr el:
:

op Le fe A Of #,od 2 “,
. 1 ae

.

18. C7 AIMD 242 pMD||"/01| FI! TASB

“ VF ° tC a =
,

+
19 | IE: LLL MAA teed [EA BLCE

}

|.
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Notes:

20{| -8
{

FCN WHA 1 let) rune

A LIL _
of: Oe LZ21 3. F/ATIMD 1 -{f

{ Fi ASIZ

a rae ead

we ANZ22 2 ee pee Le FI TSIZ

oY Ce J i23 2

oA
TMD 1 9 ‘ee|| PI TsiZ

ar
7

£ iy”
.

24 17. IM iVACee ASL fe F | LIST
.

t
f ff Fs _ }

4, off. vA 7 -
Pa —

7a wt
a

of,
4

25 LLIN fe LVN FI LSTE
PLY

if,

as
26 1 ALL, 174 CAAIND "fe MI SFND

nt o£ A ee

{ ve ¥ “
,

7

27 nO iSYT 2¢ O/ANBCg || @i MASN

| !
Er rT

~

r A ff a q

28 3 71 LA Ase
YE. DI ADLP

”

*

7 Fat yn
: S o ;

.

LLP LPL ENE SALA, ol, |

29 Lie ALYLE:/ ALLEL£| [ere DY
DEPE

.

’ I
‘

(note 2.)

assignment

arrayness

specifiers

1. The terminal size of the function is the total number

of data elements in the argument list.
vestigial SFAR instructions.

Note the three

2. Here the total number of data elements in the argument
‘list is 12. Hence, the function subscript * is computed

as 2. in PHASE I and is specified in the second TSI2

instruction.

Example 3.7.4: CONTENT pseudovariable usage

]PFcuaRe
S ARRAY(3) SCALAR,

B ARRAY(3) BIT(1);

CONTENT,, ([S1])= [B];

3-31
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+
|

1 LLL 86 YY g wt! SMRK x

2 OF, 178 V/AINL ZA Mw!srst ||.

3 ; V//von “179 WML a fle!aren |

CONTENT
atl 3 V/A90LLL wy LZ,F | asta variable
5 || 1¢ CA IMD} SLLL Wo YS,Fl Ts1Z | (note 1.)

Pts ted (Oe CA [ao
: LLLDAC ANCA OA|
8 VANE178 (/ INLfA | Mt SEND

|

dg 3 yy‘rac| B (A/T 3 o1 BASN| assignment

boll 3 kw | AAA VA [01anne | sezayoese,
»| LALLA P|

Notes:

l. This construct is exactly like any shaping function
construct, except that ZRFN is used instead of FUNC

because CONTENT is a RECEIVER. .

3.8 Initialization Constructs

In this section are presented the constructs corresponding >
to constant and initial declarations.

Example.3.8.1: scalar variables

DECLARES SCALARCONSTANT(3. 5),

T ARRAY(2) SCALAR AUTOMATIC INITIAL (-4.5,1. 5);

3-32
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|

ZILLI132WAG.a ||wlsure

1 Amn 119i ZF,EI | ENTS _

= lever ober GFry! SINT

lll VAbennWiadZN fl! EXTS

7 if/sye 112 Laer g cw I STRI
1

zen
4.5 1 1 LITGZ cwI SINT

2 aa 15 g Lr ZAcw | SINT

LLLAg- She 133 AE g ni SMRK

YL NLL 11g Ze GZcI | ENDS
mood

enter static

first variable

exit ‘static

second

variable

end static

(note 1.)

1. This instruction appears at the end of the group of

declarations in a name-scope:
are assumed to be the only ones.

here the two declarations

vectors and charactersExample 3.8.2:

DECLARE C CHARACTER(4) CONSTANT ('BANG') ;

DECLARE VV VECTOR(3) STATIC INITIAL(5.5);

DECLARE VW VECTOR(3). AUTOMATIC INITIAL(1.5

3-33
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Example 3.8.3: arrays and repeated data

DECLARE VX ARRAY(4) VECTOR(3) CONSTANT(2#3.3,-2.5);
DECLARE VZ ARRAY(4) VECTOR(3) CONSTANT(5#0.0,6.0,6#-3.0);

!
7

.

1 LLL, 14¢ A ® || NI SMRK-

¢ + +
.

2 125 I7AINL 124 aes Y Tr! ENTS |. enter static

—

>
Zt r Vp ' ~

:

3,}
>

vx Z syT||: 126 Zs: 1 11}‘STRI

44} 126 VAAINLYiliLM es 1 | |z1z) DLPI first

pot ; “4 variable

5 "2 (limp ‘1. (//NIMD2 rl! DLPI with one

—j t
-

-

repeated
6] L (Arm 3.3 Ig bre “7, ti! stnt || loop

5 ¥

. ‘7
# rs

:

. .

71] - 126 fiw LE:NEA,A Th

DLET
8 3 VAZAmMDJ

o2%5 4a yt VA 111]SINT.

9 a (Arm LPT 4 OWE D!ADLP

|

|

(note 1.)

10 EALLoATATEHA DI DLPE

{11 125 Mf NL LYPNAS OLYIlj EXTS / exit static

12 LAEVLA 4141 AMAA,go NySMRK

|

|

or fy
t .

oo

13]} ag CpINE 124 VZAcul% aa ENTS enter static

14 7 Vorsset 128 VZAGLIJ

2 ra
STRI

1s} {.

128 Mim | LA ASAS 1 | ta] pupt
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lL Chau DLPI.

l. In the first variable each vector

initialized with the same values:

specifiers.

are.no arrayness specifiers.

3-35

T vt

16 5 limp Tl]
"

Li “al a) {
17 1 rIMp 0.0 19 ILIT Yt) Il! SINT

oot WZ fae
wh —

18 128 VAAINDLLL Afs tL! DLEI

} we | oy |
19 6 iA IM wit | 44] |IL! SINT

E54
<1

20]| 129 Zit CLL 1| [tu1_purs
[ZAI

21 6

ia
eP

7
2

sat
DLPI

22 7 UZ i Imp] | )
1 ILE WAZATLL SINT

att J }

" ' Sz t fo” :

23 129 Of INL oi CLASA Le T1l DLEI

ro 7 ‘ ot
t

24 127 AIT LLA JLKL “7 £\|T1l EXTS

;

7

oI
na] (7 L4 A LLA ||

25 LLAMANE,
142 VILE 9 |] Ni

SMRK

7 Fri 7,26 SLPSDLL 124 Sul TI} ENDSVLLLL LAE
.

} ' t

second

variable
with two

repeated.
‘Loops

(note 1.)

exit static

end static

of the array is

hence,
In the second variable every element of

each vector is initialized individually.

the arrayness

Hence there
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APPENDIX A.

HAL360-V1l symbol and literal tables

The HAL symbol table consists of a group of arrays of

various sizes, maintained by PHASE I of the HAL 360-V1l compiler.
This discussion describes the set of ten of these arrays which are

located in Common storage for transmission to PHASE II. Eight of these

are parallel arrays, containing an entry for each location in

the symbol table. Their size is SYT_SIZE, the total capacity
of the table. The arrays, and their lengths in bits, are:

NAME LENGTH (8)

SYT_CLASS (8)

SYT_TYPE (8)

SYT_FLAGS (16)

VAR_LENGTH (16)

PRECISION (16)

SYT_ARRAY
~

(16)
SYT PTR (16)

The important declarationsfor these are reproducedin

Figure A.1l.

HAL names are from one to thirty-two characters long.
They are stored in the character array SYT, after being padded
on the right with blanks to length 32. Names are stored in

order of their first occurrence in the listing. Each SYT

string. stores up to eight HAL names. The actual length of each

name is stored in NAME LENGTH. Names of minor structure and

structure terminal components of qualified structures are

stored in SYT in the form by which they must be referenced by
the user (e.g., A.B.C). This imposes a 32-character limit

on the length of such compound names.

The array SYT CLASS indicates whether an entry is a

variable, label, function, or a 'replaced' name. The class

LFUNC_CLASS applies only to certain built-in functions. The

types, as indicated in SYT TYPE, are divided into three groups.
-The first group is associated with variable and function names;

the second group applies to labels, and the third to struc-

tures. For user-defined variables and functions, there are

six types; the remaining two, BORC_TYPE and IORS TYPE, are used

only to describe parameters of certain built-in functions

(see below). The type entry (and the entries in VAR_LENGTH,
PRECISION, etc.) for function names describes the quantity
which the function returns as the result of its invocation.

Al-1l
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DECLARE SYTSIZE LITERALLY#3998,
. SYICHAR-LETERALLY.249.83

.-- COMMON
~

SYTASY.TCHAR) CHARACTER3.
COMMON SYT_CLASS(SYTSIZE) PILT(8)3 ;

~—-DECLARE..VAR_CLASS. © 21T(8) INITIAL -C1),.
 ~LARELLCLASS BIT(8) INITIAL (2),

- -FUNC_CLASS. BIT(E&)-INITIAL..02),
STRUC_CLASS BIT(S) INITIZL (4), -

-LFUNC_CLASS_BIT(8) INITIAL. (5), |
REPL_-CLASS BIT(E) INITIAL (6);

--

COMMON SYT_TYPE(SYTSIZE) EIT(E)S
-. «DECLARE-BIT_TYPE —.--_BIT(8)-INLTIAL—(2),—.

CHAR_TYPE PIT(8) INITIAL (2),
ee.

MAT LALY.RE. BT TB) INITIAL C20,

VEC_LTYPE RIT(8) INITIAL (4),
wae SCALARLIYPE.. PIT(C@INITIAL (5) 4

INT_TYPE BIT(8) INITIAL (6),

cae .. BORC_ TYPE. 0.2 BLT )INITIALUAT)y
IORS_TYPE BIT(8) INITIAL (8),

MB_STMT_LAB = EI 1(8) INITIAL ("40"),

wee ENDUSTMTLLAB- BITCE) INITIAL ("41-7
STMT_LABEL PIT(3) INITIAL ("42"),

ww UN SPECLLABEL-. BITCQVAINTTIAL ("43"),
MB_CALL_LAB BIT(3) INITIOL ("44"),

See NDUCALL LAB. BITS) INITIAL (M45),

©).CALLEDLLABEL |
BIT(8) INITIAL ("44"),

ce eee ce RPROCLULABELU0 BITCS) INITIAL ("47"),
TASK_LABEL BIT(S) INITIAL ("48"),

PROG_LABEL 2. BITAS) INITIAL N49"),

oe _ MAJ STRUC.. BIT(BI INITIAL (FO), |

MIN_STRUC. BIT(3) INITTAL ("FL") |

CCMMONSYT_FLAGS(SYTSIZE)EIT(6)3
-. DECLARE.LOCK_MASK = BITA16)_ INITIAL.( wocean),

CENSE_FLAG EIT(1S6) INITIAL ("0004%),
ue.) ALIGNECLELAG EITQLE).INTTIAL (100384),

 TWP_LCECL BIT(16) INITIAL ("0010 |
ASSICN_PARM.. BIT(1L6). INITIAL ("C020"), .
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DEFINED LABEL PIT(1éE)

DEFLTYPE_FLAG BIT(18)

AUTO_ FLAC BIT(1LE)

~STATICLFLAG. .BIT(14)..

INPUT_PARM  EIT(1E)
INITLFLAG. 2 BIT(16)_
CONSTANT_FLAG BIT(1E)
QUAL.FLAG. = -BIT(16)

ENDSCOPE_FLAG BIT(14)

woe ep -INACTIVELFLAG BIT (16)

INITIAL ("0040"),
INITIAL--A"SCOSO"), |.

INITIAL ("0109"),
INITIAL .C"0290"),
INITIAL ("0436"),

INITIAL.("OS00")»
INITIAL ("19000") s
INITIAL ("2000"),
INITIAL ("4009") 4
INITIAL ("8900") +4

Figure A.1 symbol table declarations
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Four types of label in the second type- group will exist
after PHASE I only in the event of a source program
error which leaves these labels insufficiently defined:

MB_STMT_LAB,.UNSPEC_LABEL, MB: CALL | LAB, and CALLED LABEL. The

types IND_STMT_LAB and IND CALL LAB result when a GO TO or CALL

refers to a name in an outer name-scope; the content of SYT PTR

is the location index in the symbol table of the corresponding

outer name. .

If the PROGRAMbeing compiled, or any PROCEDURE, TASK, or

FUNCTION defines any local variables, the SYT PTR entry for
the label of that name-scope contains the symboltable index

of the first such local variable. "Local names" are those

names which are known only inside the block, including names

‘knownonly inside inner blocks, etc.

The third type-group applies to structures, which are

described below in a separate section.

Only those flags in the SYT. FLAGS entry which are of

interest beyond PHASE I will be described here. The

LOCK_MASK bits contain the LOCK TYPE for. the variable involved;
the all-ones value and the zero value both indicate lock- type
zero. DENSE FLAG, ALIGNEDFLAG, AUTO_FLAG, and STATIC FLAG
reflect the specified or default attributes of the entry. The

DEFINED LABEL flag is a zero when the statement, procedure, '

function, etc., associated with a label has not been found.

The INPUT _PARM and ASSIGN _PARM flags are ones when the name

appears as a formal input parameter or a formal assign para-

meter, respectively, of a procedure or function. The CONSTANT

flag is a one when a variable has been declared to be a

constant. Finally, the ENDSCOPE_FLAG is a one whenever the name

is the last local variable of a name-scope (including names

local to inner blocks).

VAR_LENGTH contains bit-string, character-string, and

vector lengths; the entry is treated as two one-byte entries

for matrices, the row-dimension being the high-order byte,
and the column-dimension the other. In all of these cases,

a field or subfield of all ones indicates unspecified length,
to be determined at run-time. Precision is indicated in

‘PRECISION for scalars, vectors, and matrices; values of 1 or

2 are put there for character variables. to indicate fixed and.

‘varying length, respectively.

Array characteristics are kept in SYT_ARRAY,and ina .

Subsidiary array EXT_ARRAY. If a name is not an array, SYT_ARRAY
contains a zero. If the name is a-one-dimensional array, SYT_ARRAY
contains the size (a positive number), or all ones (-1),

Al-3
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indicating unspecified length (*). If the array is two or more

dimensional, SYT_ARRAY contains a number less than -1l. The

negative of this value is an index into EXT _ARRAY, at which

three or more words are stored. The first Specifies the number

of dimensions of the array, and that number of subsequent
words contain their upper limits (-1 again indicates unspecified
length).

Structures and their components all appear as STRUC_CLASS.
The type entry is one of MAJ_STRUC, MIN _STRUC, or one of the

six variable types. The SYT PTR entry for each contains the

declared level for that name. Array and structure-copy informa-

‘tion is stored in SYT_ARRAY and EXT ARRAY, as above. Structure

terminals have entries like variables in SYT TYPE, VAR
_ LENGTH,

‘etc. Every major or minor structure which contains a terminal
declared to be a constant has its own CONSTANT FLAG turned on,

Note, however, that the array information stored with .a STRUC

CLASS name applies to that name only, and does not reflect
~

copy-dimensionality due to higher level declarations. If a

structure is the last local name in a name scope, the last

structure terminal declared will be the one whose ENDSCOPE_FLAG
is set.

Built-in function names and their parameter descriptions
_are stored in the last locations of the table. Generally,

these follow the normal rules for variables and user-defined.

functions, but there are several exceptions, described below.

Those functions of LFUNC_CLASS have SYT PTR entries which
merely identify the function (presently, 1-5). Since LFUNC_
CLASS functions may have a list of arguments of unspecified
length, it is useful for technical reasons to have their

DEFINED LABEL flag zero. ‘Functions which return a vector or

square matrix of the same dimension as their. argument contain

hex FFOO in VAR_LENGTH. The TRANSPOSE function returns an

(m,n) matrix if its argument is (n,m); this is denoted by
hex OOFF in VAR_LENGTH.

The formal parameters of built-in functions are stored

normally, except that they are multiply-used, where possible,
to save space. Also, arguments which must be syuare matrices

‘have hex FFOO in VAR_LENGTH.

The HAL literal table consists of a group of four arrays
located in Common storage for transmission to PHASE II. The

important declarations are reproduced in Figure A.2.

Al-4
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DECLARE LIT_CHARSIZE LITERALLY 2983

DECLARE LITSIZE LITERALLY '200'3
DECLARE DW_SIZE LITERALLY #20083 >.

DECLARE DW_TOP FIXED;

DECLARE LIT_TOP FIXED;
“COMMON DHCOW_SIZE) FIXEDS

COMMON LIT_INDEX(LITSIZE) FIXED$
COMMON LIT_LENGTH(LITSIZE) BIT(8)3
COMMON LIT_CHAR(LIT_CHARSIZE) CHARACTERS

Figure A.2 Literal table declarations

The original literal:character strings are stored in the
character array LIT_CHAR, which is accessed by LIT INDEX. The
contents of bits 16~-23 of LIT_INDEX access an entry in LIT CHAR,
and the contents of bits 24-31 of LIT INDEX point to a literal
character string in that entry. LIT_ LENGTH gives the length
of the character string minus one.

For appropriate literals a double-word floating point version
is held in DW, which is accessed by bits 0-15 of LIT INDEX.

For a literal which is preceded by 'BIN', 'OCT', or ‘HEX!
and a repeat number n, an indirect form of entry is employed.
The primary character string pointed to is one which gives infor-
mation on the actual literal itself. This primary character
string is nine characters long and of the form:

Xaabbeccc

B for 'BIN'

O for *"ocT'

H for 'HEX!

D for 'DEC!

where

bb is a 16 bit pointer to the actual literal characterstring

aa is a 16 bit pointer to the literal character string
Specified as a repeat. If there are no repeats, it

is a 16 bit zero.

cc is a 32 bit integer giving the size in bits of the
literal including the effect of the repeat.

LIT LENGTH gives the length of the actual literal character
string minus one as before.

Al-5
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APPENDIX B: The HALMAT Instruction Set

AASB
ADLP

AIDX

ALC

ALCE

ASIZ

ATSB

BAND

BASN

BBRA
BCAT

BEQU

BINT

BMRK

BNEQ

BNOT

BOR

BRA

BTOL

BTOS

CALL

CAND

CASN

‘CASS

CBRA

CCAT

CEQU

. CGT

CINT

INTERMETRICS INCORPORATED + 380 GREEN STREET » CAMBRIDGE,MASSACHUSETTS02139

019

00D

015

024.

026
049

01D

102

101

013

105

722

821

005

721

104

103

010

621

521.

029

7E2

201

03B

011

202

742 .
744

841 .

array at-subscript specifier

arrayness specifier

array index specifier

allocate subscript header

_allocate subscript end

arrayness of shaping function

array to-subscript specifier

bit-string and

bit-string assign

bit-string branch on false

bit-string catenate

bit-string equal

bit-string. initialize
end of block marker

bit-string not equal

bit-string complement
“bit-string or”

unconditional branch

bit to integer conversion
bit to scalar conversion

procedure call header

conditional and

character assign |

assign parameter list header

computed branch -
character catenate

character equal

character greater than
character initialize

Bl-1
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CLBL

CLT

CMRK

_ CNEQ

CNGT

CNLT

CNOT

COR

‘DFOR

DFRE

DGPE

DGPI

DGPS.

DLEI

_DLPE

DLPI

ENDS

‘ENTS

EXTS|

FASN
-

FBRA

FCLM

FDEF

PILE

FLIN

FLP

FPGE

FSKP
FTAB

‘FUNC

IADD

IASN

009

746
006°.
741

743

745

7E4

7E3

050

054.

053

052

051

803

0O0E

802

023

021

022

039.

012

O3F

02C

034

041°

020

040

03D

03E.
028

6CB

601

computed-branch label

character less than

~

end of code marker
character not equal

character not greater than

character not less than

conditional complement

conditional or

do for header

do for end

do for list terminator

integer do for list element

scalar do for list element

initialize loop end

end of array- and structureness specification

initialize loop header

end of static bypass block

enter static bypass block

exit static bypass block

file assignment

false branch on condition

column i/o control specifier

function definition header

-file i/o specifier

line i/o control specifier
precision converter
page i/o control specifier

skip i/o control specifier

tab i/o control specifier
function call header*

integer add

integer assign

Bi-2
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IEQU

IEXP

IGT

IINT

IIPR

ILT

INEG

INEQ

INGT

INLT

ISUB

ITOC

ITOS

LBL
LIST

LSTE

MADD

MASN

MDEF

_MEQU
MINT

MINV

MMPR

MNEG

MNEQ

MSDV

MSPR

MSUB

MTRA

MVPR

PDEF

INTERMETRICS INCORPORATED + 380 GREEN STREET - CAMBRIDGE, MASSACHUSETTS 02139

7C6

6CF

708

8Cl

6CD -
7CA

6DO

7c5

707

709

6CC

2cl

5Cl

008

03C

03A

362

301

036

762

861

3CA

368.

344

761

3A6

3A5

363

329

46C.

02D

integer

integer

integer

integer

integer

integer

integer

integer

integer

integer

integer

integer

integer

label

equal

exponentiation

greater than

initialize

multiply

less than

negate

not equal

not greater than

not less than

subtract

to character conversion

to scalar conversion

subprogram and i/o argument

subprogram and i/o argument list end

matrix add

matrix assign

program definition header

matrix equal

matrix initialize

matrix invert

matrix-matrix product

matrix negate

matrix not equal
matrix divide-by-scalar
matrix multiply-by-scalar
matrix subtract

matrix transpose

matrix-vector product

procedure definition header

B1-3
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RALC

-RDAL
READ

| RTRN

SADD

_ SASB

_SASN

SDLP

. SEQU

SEXP

SFAR

SFND

SFST |
-

SGT

SIDX
SIEX

SINT

SLT

SMRK

SNEG
SNEQ

SNGT

SNLT
SPEX

SSDV

_SSPR

SSUB

STOC

STOI

STRI

STSB

TASB

025

02F

O2A

030

‘SAB

O1A
501

00c.
7A6

5AF

04B

04c

O4A

7A8

016

571

8Al

TDA

004

5B0

7A5

7A7

7A9

572

5AE

5AD

~~5AC_
2Al

6Al

801

O1E

018

receiver allocate subscript specifier

read-all header

read header

subprogram return

scalar add

structure at-subscript specifier

scalar assign

_structureness specifier

scalar equal
scalar exponentiation-by-scalar

shaping function argument separator

end of shaping function specification

start of shaping function specification

scalar greater than

structure index specifier

scalar exponentiation-by-integer
scalar initialize
scalar less than

statement marker

scalar negate

scalar not equal

‘scalar not greater than

scalar not less than

scalar exponentiation. by positive integer

scalar divide
|

scalar multiply

scalar subtract

scalar to character conversion

scalar to integer conversion

repeated initialize specifier

structure to-subscript specifier

terminal at-subscript specifier
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TASN

TDEF

TEQU

TERM

TIDX

TNEO
TSIZ

TTSB

UDEF

UEND

VADD

VASN-

VCRS

VDOT

VEQU

VINT

VMPR

_VNEG

VNEQ

VSDV

VSPR

VSUB ©
VVPR

‘WRIT

ZRFN

038

035

045
032

014

044

048

01C

033

037

482

401

|

48B

581

782°

881

4CD

444

781

4A6 |
405

483

387

028

04D

structure assign
task definition

structure equal -
terminate program execution

‘terminal index specifier

structure not equal
terminal size of shaping function

‘terminal to-subscript specifier

update block header

update block end

vector add
vector assign

vector cross product |
vector dot product

vector equal

vector initialize

vector matrix product

vector negate
_

.

vector not equal

vector divide-by-scalar

vector multiply-by-scalar-
vector subtract

vector outer product

write header

receiver function invocation
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APPENDIX c: Mnemonics of HALMAT operation codes

000 030 RTRN:

001 031

002 . 032 TERM

003.
.

033 UDEF

004 SMRK 034 FILE

005 BMRK 035 -

TDEF

006
*

CMRK ; 036 MDEF

007
| ,

037 UEND

008 LBL 038 TASN

009 CLBL 039 FASN

00a 03A LSTE

00B
oe

0383 - CASS

0c SDLP 03c . LIST

00D ADLP 03D
'

FPSKP

O0E DLPE 03E FTAB

OOF 03F FCLM

010 ' BRA
|

- 040: FPGE

011 '

CBRA 041
|

FLIN

012 FBRA | 042

013: BBRA 043

014 TIDX
|

044 TNEQ
015 AIDX 045 — -TEQU
016 SIDX 046
017 047
018 TASB 048

—

TSIZ

019
©

AASB©. 049 ASIZ

O1A SASB O4A SFST

018 04B SFAR

01c TTSB
—

04c SFND.

01D ATSB 04D ZRFN
O1E STSB 04E

O1lF 04F

020 FLP ~ 950 DFOR

021 ENTS 051 DGPS

022. EXTS 052 DGPI

023 -

ENDS 053 DGPE

024
 !

ate | 054 _DFRE

025 RALC™ 055 -

026 ALCE 056

027° {|} 057
028 FUNC 058

029 CALL 059

02A | READ O5A

02B WRIT . O5B.

02c FDEF o5c
02D °~- FDEF 05D

02E OSE

02F RDAL OSF.

€l-1

INTERMETRICSINCORPORATED + 380 GREEN STREET+ CAMBRIDGE,.MASSACHUSETTS02139 - (617) 868-1840



100
,

Lol BASN

102 BAND

103 BOR:

104. BNOT

105 BCAT

106

107

108

109

‘1OA

10B

10c

10D

10E

10F

.

|

C1-2
|
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200
"

201 CASN |

202 CCAT

203°

204

205

206

207

208
209

20A

208

20C

20D

20E
-

20F

.

C13
|
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2c0

2cl
_

IToc.

2c2

2c3

2c4

2c5 .

2C6

2C7

2c8

2c9

2CA

2CB .

2cc

2cD

-2CE

2CF

2A0.—° «| «C
2Al - -stoc
2A2

2A3

2A4

- 2A5

26

2A7
2A8

2A9
-2AA

2AB

2AC

2AD

2AE

2AF

c1-4
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300 360
301 MASN 361
302

Co

362 MADD
303

,

363 MSUB
304 364
305 . 365
306 366
307

,

367
308 , 368 MMPR
309

;
369

30A — 36A
30B

| an 36B
30C

- 36C

30D
.

36D

30E -

36E

30F 36F

340

341
-

342 ©
343

344 . MNEG

345

346

347

348

349

34A

34B

34C
34D

34E

34F

320 380
321 os ; 381
322 382
323

, ,

383
324 4

;

;

oo
-

+t)

384
325 385
326.

a 386
327 oo 387 VVPR
328

-
_- 388

ut

329 . MTRA
:

389 /

32A oO -

So 383A
32B 38B

32C .
.

38C

32D — 38D
32E 38E
32F

ae

38F

c1-5
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3C0

3Cl1

3C2

3C3

3C4
3C5

3C6

3C7

3c8

—3c9
3CA MINV

3CB

3cC

'3CD

3CE

3CF

3A0

3Al
©

3A2

3A3

“3a4 .

3A5 MSPR

3A6 MSDV

3A7

3A8:

3A9
3AA

3AB

3AC
3AD

3AE

3AF

;

C1-6.
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‘400 : 460

401 VASN
a

461

402 462

403. ; oO 463

404 .
.

. 464
405 465

406
,

466

407 . 467

408
. 468

409 ; 469

40A
a

, 46A
40B

,

, 46B
40c ; Lt 46C

_

|-MVPR

40D 46D VMPR

40E
-

‘46E
°

40F 46F

440

44] |
442

443

444 VNEG

445

446

447
448

449

44n

44B

44c

44D

44E

44F

480°

481,
482 VADD

—

483 VSUB

484
—

‘s

485.

486

487

488

489

48A

48B VCRS

48C

48D

48E

48F

€1-7
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4A0

4Al

4A2

4A3

“ABA
4A5

,

VSPR

426 VSDV

4A7 .

4A8

4a9

SAA

4AB

4AC

4AD

4AE

_4AR:

|

C1-8
|
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500
¢

501 - SASN

502

503°

504

505

506

507

508
°

509

50A

50B

50C

50D
50E .

50F

570

571 STEX

572 |
SPEX

573
~

574
575

576

577

578

579

57A

57B

57C

57D
_57E

57E

520
4 580

.

521 BTOS
.

581 VDOT

522 582

523 583

524 .

;

‘

.

oo 7;

584

525 ,

‘

585

526.
oo 586

527 - . ; 587

528 588
.

—
529 | .

.

“Tt 589

°52A .

‘

58A

52B
.

{|

58B

52c
‘

58C

52D
>

‘

7 58D

52E 58E
'- 525

a

58F-

7

¢l-9
.
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5c0

5C1 ITOS

5C2

5C3

5C4
5C5.

5C6

5C7

5c8

5c9

5CA

5CB

5CC

5CD

5CE

5CF

5A0

SAL
5A2

-5A3
SA4

5A5

5A6
- 5A7

5A8

5A9

5AA
.

5AB SADD

5AC -SSUB
5AD SSPR

5AE |.  SSDV

5AF SEXP

5B0
'

SNEG

5Bl .

 5B2

5B3°

5B4
5B5_
5B6-

5B7
_ 5B8°

5B9
5BA

5BB

5BC

5BD

5BE

5BF

~cl-10
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600

601 -- |. IASN

602

603 -
604

605°

606

607

.

608

609

60A

60B
~

60C

60D

60E -

60F

620

621
—

BTOL

622

623

624
625

626 .
627 .

a

628 .

~

629
,

cs

62A

62B

62C

62D

62E

'62F

€1~-11
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"

 6C0

6C1L

6C2
6C3

-

—

 6C4

6C5

6C6

6C7

—

6C8
- 6C9

'

6CA .

6CB° | - IADD
6CC

'

ISUB

6CD
'

IIPR

6CE

6CF IEXP

6AO0 |
—

6D0 INEG |,

6Al STOI 6D1

6A2 6D2
6A3

- €6D3
'

6A4
yh 6D4

-6A5
,

6D5

_ 6A6 - . 6D6
6A7R

7

feo “

 "
"

6D7
6A8 - 6D8
6A9 . 6D9
6AA 6DA
6AB . 6DB

6AC
:

6DC
-

6AD 6DD
6AE

ae
-

6DE
-

6AF 7
'

 6DF °

C1i-12_
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760

761 —C MNEQ
762 - MEQU
763

764

765

766

767

768

769

762:

76B

76C

76D

76E

76F.

740

741 - CNEQ
742 CEQU
743 CNGT

744. cGcT

745 CNLT

746 CLT

747

748

749

74A

74B

.74¢C

74D
7AE

74F

720 780

721 BNEQ ; 781 VNEQ
- 722

_ BEQU 782 VEQU
723

;
ti 783

‘724 eo |

.
t}

784
725

:

785
726

| 786
727 .

,

787

728 788
729 SO 789
72A - 78A
72B

i

tt 78B
72c .

.

78C
-

72D
,

. 78D —
_.72E

|

78E
72F 78F

CA - C1-13
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*’ 700

7C1

7C2

73

7C4. .

7C5 INEQ
7C6 IEQU
7C7 INGT

7C8 IGT

709 INLT

7CA -ILT
7CB

7cC

7CD

7CE

7CF

. TAQ

TAL

7A2

7A3

7AA
7A5 SNEQ

_-7A6 SEQU

IAT 4.
SNGT _

7A8
'

SGT ‘

7A9 .
SNLT

JAA SLT

7AB

7AC

7AD

7AE

7AF

7E0

“JEL:

—
7E2 . CAND

_
7E3 COR

7E4 -CNOT

7E5

7E6

7E7
7E8

7E9

7EA

7EB

TEC

JED |
|

TEE

‘TEP

G1-14
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800
.

a

860

801 STRI
oO

. 861 MINT

802 - DLPI
,

862

803 DLEI 863

804 864

805
,

865

806 866

807 - 867

808 868

809 869.

80A
o

86A
—

80B - oO, 86B

80C -. DO 86C

80D
.

.

86D .

80E 86E

80F 86F

840
841 CINT.

842

843

844

845

846

847

848

849

84A

84B

84C

B4p.
84E

84F

820 . 880

821 BINT 881 VINT

822
SO

882

823 : !
;

!
883

824
°

_ 884

825 885

826 886 |
— 827..

‘

887

828 - 888 _
829 . 889

82A 88A

82B 88B

82C ; 88C

82D 88D

82E
-

-88E

82F 88F

C1-15
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8CO

8Cl LINT

8C2

8C3

8C4-

8C5

8C6

8C7

8c8

8C9

8CA

8CB
8cc

8CD

8CE

-8CF

8A0 |

BAL SINT
8A2

8A3

8A4

8A5

BAC
8A7
8A8

BA9

SAA

SAB

-

8AC

8AD

SAE

SAF

C1-16
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APPENDIX D: Numerical codes for subfield mnemonics

1. Qualifier subfield mnemonics

Following are the numerical codes for the mnemonics to be

found in subfields Ay
and by of HALMAT instructions.

VARIABLE OPERAND:

SYT 1
.

IMD 4

VAC 2 GLI

LIT

LABEL. OPERAND:

INL ¢ ABL 2

SYL 1

SPECIAL PURPOSE:

ast | "FCN 7

_sst fd

2. Optimization code mnemonics

Following are the hex decimal numerical codes for the mnemonics
to be found in the code optimizer subfield Loo of HALMAT instruc—

tions.

OD 0 AE 9

E 1 D A

IW 3 M .B

Il 4 Ss Cc

II 5 SE D

F 6 N E

FE 7 L F

A 8

Di-1l
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3. Operand type mnemonics

Following are the numerical codes for the mnemonics

occasionally encountered in subfields a, and b, of HALMAN instruc-
_tions.

t t

0 (not as defined in

PHASE TI)4S
Oa

BD

mB

WN

D1-2
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APPENDIX E: SHAPING FUNCTION information

-l. Numerical codes for radix values

Some SHAPING FUNCTIONS have conversion radix information .
given in subfield bg- -Following are the possible code values.

no radix information GB

binary 1

octal 3

hexadecimal 4

2. Numerical codes for SHAPING FUNCTIONS

The numerical codes appearing in subfield app of the FUNC

instruction for SHAPING FUNCTIONS correspond to the following
functions.

BIT -l SCALAR <6

CHAR -2 VECTOR -7

BITg -3 | MATRIX -8

CHAR, -4 CONTENT -9

INTEGER -5

El-1
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ADDENDUM

Due to incomplete implementation in some areas, several
HALMAT instructions have not been included in the text. These

are as follows:

ZDLP: suppressed arrayness specifier {ZDLP = OOF).

CLIENT ||
ZDLP appears in place of arrayness specifiers if an

arrayed argument of a procedure is other than a symbol-table
‘variable. It is used because of current compiler restructions

on procedure arguments,

-eltA

PFST: proc/func start specifier (PFST = oan)
|

ZILLI CAE Ae
PFST currently appears prior to the start of the HALMAT

construct for procedure or non-shaping function invocations.

flv is the nesting level of the invocation. It is not shown
in the constructs of Sections 3.5 and 3.6.

- PPND:proc/fune end specifier (PEND= 04F)
ss

7 7A VAN
TG

1.
|

Z

= ZACZZAAE =] &
PFND currently appears at the end of the HALMAT construct

for procedure or non-shaping function invocations. flv is the

nesting level of the invocation. It is not shown in the constructs
of Sections 3.5 and 3.6.

KY

NTERMETRICS INCORPORATED » 701 CONCORD AVENUE: CAMBRIDGE, MASSACHUSETTS02138 - (617)661-1840


