8. REAL TIME CONTROL

HAL/S contains a comprehensive facility foi creating
a multi-processing job structure in a real time programming
environment. At run time a Real Time Executive (RTE) con-
trols the execution of processes held in a process queue.
HAL/S contains statements which schedule processes (enter
them in the process gqueue), terminate them (remove them from
the process queuvz), and otherwise direct the RTE in its
controlling function. HAL/S also contains means whereby the
use of data by more than one process at a time is managed in
a safe, protected manner at specitfic, localized points within
the processes.
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8.1 Real Time Processes and the RTE.

In HAL/S, a program or task may be scheduled as

a process and placed in the process queue. Although the
process created is given the same name as the program or task,
it is important to distinguish the static PROGRAM or TASK
block from the dynamic program or task process created. Two
processes are actually involved in the creation of a process:
the scheduling process, or "father"; and the scheduled process,
or "son".l

‘A process is said to be either "dependent" or "independ-
ent", as designated when created. A program or task process

is "dependent" if it is absolutely dependent for its existence
upon the existence of its father. If a program process is
"independent" its existence is independent of that

of all other processes. If a task process is "independent"

its existence is generally independent of that of all other
processes with an important exception: the program process in
whose static PROGRAM block the static TASK block of the task
process is defined.

Each process in the RTE's process queue is at any
instant in one of a number of states. For the purposes of
this section, the following states are defined:?

e "active" - a process is said to be in the active
state if it is actually in execution. Depending
on the implementation it may be possible for
several processes to be in execution simultaneously.

@ "wait" - a process is said to be in the wait state if
it is ready for execution but the RTE has decided
on a priority basis that its execution should be
delayed or suspended.

e "ready" - a process is said to be in the ready state
if it is in either the active or the wait states.

e "stall" - a process is said to be in the stall state
if some as yet unsatisfied condition prevents it
from being in the ready state.

The occurrence of a process being brought into the active
state for the first time is called its "initiation".

1 except of course for the first or "primal" process which
must be created by the RTE itself.

2 these states are not necessarily definitive of those actually
existing in any particular implementation of the RTE.
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Execution of a CLOSE or RETURN statement by an active
process causes termination of the process and return
to the RTE. In the case of a process which has
schedule dependent processes, such -execution places
the father in a stall state until the sons have all
terminated before the process is itself terminated.

8.2 Timing Considerations.

In the HAL/S system, the RTE contains a clock measuring
elapsed time ("RTE-clock" time). Time is measured in "machine
units" (MU) whose correspondence with physical time is imple-
mentation dependent, HAL/S contains several instances of timing
expressions which in effect make reference to the RTE-clock.
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toment.

EDULE Sta

Processes are scheduled (placed in the process queue)

8.3 The SCH

by means of the SCHEDULE statement. The statement has many
variant forms and offers the following features:

e A process may be scheduled so that the RTE immediately
places it in a ready state, or so that the RTE places
it in a stall state pending some condition being satis-

fied.

e A priority of initiation may be specified.

e A process may ke designated dependent or independent.

e The cyclic execution of a process may be specified.

e Conditions of future removal of a process from the
process queue may be specified.

SYNTAX:

SCHEDULE statamant . 24
' AT arith exp

H iN )—{ srith exp

24

36

(o ) e

, 24
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{» AETER }-—-{ arith exp }—, UNTIL .[
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SCHEDULE I0TA: r e

SCHELULE CELTADEPENDENT, REPCAT EVIRY 185,
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SEMANTIC RULES:

1. SCHEDULE <label> schedules a program or task with the
name <label>, placing a new process with name <label> in
the process queue. A run time error results if a
process of that name already exists in the process queue.
Unless otherwisc specified the RTE puts the new process
in the ready state ilmmediately after execution of the
SCHEDULE statement.

2. The phrase IN <arith exp> is used to cause the process
to be put in the stall state for a fixed RTE-clock dura-
tion. <arith exp> is any unarrayed integer or scalar
expression evaluated once at the time of execution of the
SCHWDULE statement. If the value is not greater than
. zero then the process is put immediately in the ready
state.

3. The phrase AT <arith exp> is used to cause the process
to be put in the stall state until a fixed RTE-clock
time. <arith exp> is any unarrayed integer or scalar
expression evaluated once at the time of execution of
the SCHEDULE statcment. If the value is not greater than
the current RTE-clock time, and the REPEAT EVERY option
is not specified, then the process is put immediately
in the rcady state. If the value is less than the current
RTE time and the REPEAT EVERY option was specified, then 125
phased scheduling takes place. The process is put in a
stall state until a future time computed by the expression
CT + RE - ((CT-AT)MOD RE), where CT = current time, RE = RE- i 14
PEAT LEVERY cycle time, and AT = originally specified AT time.a

]

4. The phrase ON <event exp> is used to cause the process

to be put in the stall state until some event condition
is satisfied. Starting from the time of execution of

. the SCHEDULE statement, the <event exp> is evaluated at
each "event change point"3 until its value becomes TRUE.
At that time the process is placed in the ready state.
If the value of <event exp> is TRUE upon execution of the
SCHEDULE statement, then the process is immediately
put in the ready state.

the meaning of an "event change point" is defined 1in
Section 8.8.
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5. The initiation priority is set by means of the phrase
PRIORITY (<arith exp>) where <arith exp> is an unarrayed
integer or scalar expression which is evaluated once on
execution of the SCHEDULE statement. Scalar values are
rounded to the necarest integral value. Its value must
be consistent with the priority numbering schemo set up
for any implementation, otherwise a run time error results.

6. When the keyword DEPENDENT is specified, the process created
py the SCHEDULE statement 1is dependent upon the continued
existence of the scheduling process. Note, however, that
a TASK process i1s always ultimately dependent upon the en-
closing PROGRAM process. Thus when scheduling a TASK from
the PROGRAM level of nesting, the keyword DEPENDENT is re-
dundant and need not be specified.

7. The REPEAT phrase of the SCHEDULE statement is used to
specify a process which is to be executed cyclically by
the RTE until some cancellation criterion is met. If the
REPEAT phrase 1s not qualified, then cycles of execution
follow cach other with no intervening time delay. To
cause cxecution of consecutive cycles to be separated by
a fixed intervening RTE-clock time delay, the qualifier

AFTER <arith exp> is used. <arith exp> is an unarrayed L

integer or scalar expression evaluated once at the time
of cxecution of the SCHEDULE statement. If the value 1is
not greater than zero then no time delay results. To cause
the beginning of successive cycles of execution to be
separatcd by a fixed RTE-clock time delay, the qualifier
EVERY <arith exp> is used. <arith exp> 1is an unarrayed
integer or scalar expression evaluated once at the time
of execution of the SCHEDULE statement. If the value is
such as to cause a cycle to try to start execution before
the previous cycle has finished execution, then a run

. time error results.

8. Between the successive cycles of execution of a cyclic
process, the process is put in a stall state and retains
the machine resources the RTE reserved for it. It is
not temporarily removed from the process queue.

9., The WHILE and UNTIL phrases provide a cancellation criter-
ion for a cyclic process. Before the cyclic process 1is
initiated, they also provide a means of removal of the
process from the process gueue. In this latter capacity,
they also apply to non-cyclic processes. If a cyclic
process has no dependent sons, then cancellation merely
implies termination of the process between cycles (and
thus removal from the process queue). If dependent sons

exist, then cancellation implies that the cyclic process ey

is put in a stall state until the sons have all terminated
before the process is itself terminated.
(2]

i
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. 10. The UNTIL <arith exp> phrase specifies a cancellation
criterion based on RTE-clock time. <arith exp> is an

unarrayed integer or scalar expression evaluated once
at the time of execution of the SCHEDULE statement. For
any process, cyclic or non-cyclic, the following is
true. TIf the value of <arith exp> is not greater than
the current RTE-clock time, then the process is never
entered in the process queue. Otherwise if the value
of <arith exp> becomes eqgual to the RTE-clock time
before the process is initiated, then the process is
removed from the process gueue. If neither of the above
is true, then the following ensues. If the process 1is
non-cyclic, the phrase has no further effect. If the
process is cyclic, then cancellation may occur in cone
of two ways. If the value of <arith exp> becomes egual
to the RTE-clock time while the process is in an
inter-cycle stall state, the process is cancelled
immediately. If it happens during a cycle, the preccess
is cancelled immediately on completion of the current

. cycle. The next cycle proceeds if cancellation does not
occur.

11. The WHILE <event exp> phrase specifies a cancellation
criterion based on an event condition. For any process,
cyclic or non-cyclic, the following is true. If the
value of <event exp> is FALSE at the time of execution

\ of the SCHEDULLE statement, then the process is never
placed in the process gueue. If not, then <event exp>
is evaluated at every "event change point" until its
value becomes FALSE. If it becomes FALSE before the
process 1is initiated, then the process is removed from
the process queue. If neither of the above is true, then
the following ensues. If the process is non-cyclic, the
phrase has no further effect. If the process is cyclic,
then cancellation may occur in one of two ways. If
<event exp> becomes FALSE at any "event change point"
occurring while the process is in an inter-cycle stall
state, the process is cancelled immediately. If it occurs

. during the cycle, the process is cancelled immediately

on completion of the current cycle, If cancellation does
not occur, the next cycle proceeds.
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12.

The UNTIL <event exp> phrase also specifies a cancella-
tion criterion based on an event condition. However, it
differs fundamentally from the WHILE <event exp> phrase

in that it always allows at least one cycle of a cyclic
process to be executed. Consistent with this, the phrase
has no meaning and therefore no effect in the case of a
non-cyclic process. For a cyclic process, the value of
the <event exp> is evaluated at every "event change point"
from the time of execution of the SCHEDULE statement.
Beginning with the end of the first cycle of execution,
cancellation may occur in one of two ways. If the

<event exp> becomes TRUE at any "event change point"
occurring while the process is in an inter-cycle stall
state, the process is cancelled immediately. If it occurs
during a cycle, the process is cancelled immediately on
completion of the current cycle. If cancellation does not
occur, the next cycle proceeds.

oy

[

o
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8 4 The CANCEL Statement.

Cancellation of a process may be the result of the
enforcement of a cancellation criterion in the SCHEDULE
statement which created the process, or alternatively may
be the result of executing a CANCEL statement.

SYNTAX:
CANCEL statemant
58
< basic
statement

: - (CcANCEL )

. > & { CANCEL }
example: )

FINISHING: CANCEL ETA, NU;

SEMANTIC RULES:

1. CANCEL <label> causes cancellation of the process <label> 106
and its dependent processes. A run time error result if
the process queue contains no process with that name. The
CANCEL statement can be used to cancel any number of

. processes simultaneously.

2. If the CANCEL statement has no <label>, cancellation
of the process executing the CANCEL statement and its 3|
dependents is implied. é 106

4 . .
the default action taken by the Error Recovery Executive

for this and other similar errors may be to ignore the
error.
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If at the time of execution of the CANCEL statement, a
process to be cancelled has not yet been initiated, then
the process is merely removed from the process queue.
This applies to both cyclic and non-cyclic processes.

If at the time of execution of the CANCEL siatement a
process to be cancelled has already been initiated, then
the following ensues. If the process is non-cyclic

and it has already been initiated, the CANCEL statement
has no effect. If the process is cyclic, then the
process is cancelled at the end of the current cycle of
execution.

2 cancelled process with dependent offspring is put
in the stall state until its dependent offspring are

terminated. At that time, the parent process is
terminated.

L
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8.5 The TERMINATE Stntement.

The termination of a process implies the imnmediate®
cessation of execution of the process and all its dependent
sons, and their removal from the process gueue. The
TERMINATE statement is used to direct the RTE to terminate
specified processes.

SYNTAX:

basic
statement

TERMINATE statement

{TERMINATE )} 2o A{:z>

label

example:

STOP: TERMINATE ALPHA, BETA;

SEMANTIC RULES:

1. TERMINATE <label> causes termination of the process
<label>. A run time error results if a process of that
name is not in the process queue, or if it is not a
dependent son of the process currently executing the
TERMINATE statement. The TERMINATE statement can be used
. to terminate any number of processes simultaneously.

2. If the TERMINATE statement has no <label>, termination of
the process currently executing the TERMINATE statement
is implied.

subject of course to implementation dependent safety
constraints. :
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. 8.6 The WAIT Gtatement

.

The WAIT statement allows the user to cause the RTH

to place a process in the stall state until some condition
is satisfied.

SYNTAX:

WAIT statement
basic . @
statemant - )
4

——————1 arith exp f——~n

N\

WAIT }—4—/ FOR DEPENDENT. »-{::}—-

event exp

UNTIL - arith exp jre——

NOW: WAIT UNTIL T +7.5;

exampla:

SEMANTIC RULES:

ll

The WAIT <arith exp> version specifies that the process
executing the WAIT statement is to be placed in the stall
state for an RTE-clock duration fixed by the value of

the expression. <arith exp> is an unarrayed integer or
scalar expression evaluated once at the time of execution
of the WAIT statement. If the value is not greater than
zero, the WAIT statement has no effect.

The WAIT UNTIL <arith exp> version specifies that the
process executing the WAIT statement is to be placed in
the stall state until an RTE-clock time fixed by the value
of the expression. <arith exp> is an unarrayed integer

or scalar expression evaluated once at the time of
execution of the WAIT statement. If the value is not
greater than the current RTE-clceck time, the WAIT state-
ment has no effect.
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The WAIT FOR DEPENDENT version specifies that the process
executing the WAIT statement is to he placed'in the sgall
state until all its dependent sons have terminated. If
there are no such processes, the WAIT statement has no

effect.

The WAIT FOR <event exp> version specifies that the pro-
cess executing the WAIT statement s to be placed in the
stall state until an event condition is satisfied. Start-
ing from the time of execution of the WAIT statement,

the <event exp> is evaluated at every "event change point"
until its value becomes TRUE, whereupon the process is
returned to the READY state. If the value of <event exp>
is TRUE upon execution of the WAIT statement, then the
statement has no effect.
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8.7 Tho UPDATE PRIORITY Staiement,

The SCHEDULE statement which creates a process can
also specify the priority of its initiation. At any time
between the scheduling and the termination of the p}ocess,
that priority may be changed by means of the UPDATE PRIORITY
statement.

SYNTAX:

UPDATE PRIQRITY statement

basic @J
statement )

\gPDATEPRlORTrijF-} ‘ [*<:EE>—-Nhhexp :

example: o
UPDATE PRIORITY GAMMA YO PRIO + 10; ..

SEMANTIC RULES:

1. UPDATE PRIORITY <label> is used to change the priority

of the process with name <label>. The new priority is

. given by the value of <arith exp>. <arith exp> 1is an
unarrcyed integer or scalar expression whose value nust
be consistent with the priority numbering scheme set up
for any implementation, otherwise a run time error results.
Scalar values are rounded to the nearest integral value.
A run time error results if there is no process with name
<lahel> in the process gueue.

2. UPDATE PRIORITY with no <label> gpecification is used to
change the priority of the process executing the UPDATEL
PRIORITY statement. <arith exp> has the same meaning as
before.
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.. 8.8 Event Control

Although a formal specification of evants and event
expressions has already been given in Sections 4 and 6.3, the
Spccification has not yet made theilr purpose clear in the con-
text of real time programming. Supserficially event variables
are closely akin to boolean variables in thet they are binary-
valued. Conceptually the two forms of HAL/S events (latched
and unlatched) may be thought of as the software counterparts
of hardware discretes and timing lines, respectively.

® a latched event may be thought of as a boolean system
state which may be SET or RESET by appropriate actions,
or momentarily changed for signalling purposes.

an unlatched event may be thought of as the software
counterpart of a timing line which is used purely for
signalling ~ it is normally FALSE but becomes TRUE
momentarily when a signal action is executed.

This analogy is no accident, since event variables can actually
form the interface between HAL/S software and such hardware
control signals. The design and operation of this interface

is implementation dependent.

=

a

At any instant of time the RTE may be viewed as having
knowledge of all existing events. Whenever the value of an

event changes,
point", and m
<eventit exp>s.
states of one
of the RTE to

a

the RTE senses this so-callcd "event change

in response perform the evaluation of certain
Depending on the results of the evaluations, the
or more processes may be changed. This response
changes in event variables is termed an "event

37

action". The value of an event variable can change in response
to the environment external to the HAL/S software; depending
upon the type of event (see SEMANTIC RULES), a SET, RESET, or
SIGNAL statement may also be used to alter the state of an event
variable. The only event change actions possible are to ready
or cancel one or more process.

basic
statement
) L@
examia:

SIGMAL 10TAY

SET,SIGNAL and RESET statamants

event var

REE

RESET

._,_.@,._,

e e o ot e e mmed

label
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GENERAL SEMANTIC RULE:

1.

<event var> denotes any unarrayed event variable, subscripted
or unsubscripted.

SEMANTIC RULES (latched <event var>s) :

SET changes the value of the <event var> to YRUE and initiates
all event actions depending upon the TRUE state of this event,
No action is taken if the <event var> is already TRUE.

RESET changes the value of the <event var> to FALSE and ini-
tiates all event actions depending upon the FALSE state of
this cvent. No action is taken if the <event var> is alrecady

FALSE.

SIGNAI does not change the state of a latched event.

If a latched event is TRUE, SIGNAL initiates all event actions
depending upon the FALSE state of this event.

If a latched event is FALSE, SIGNAL initiates all event
actions, depending upon the TRUE state of this event.

SEMANTIC RULES (unlatched <event var> s)

ERMETRICS INCORPORATED « 701 CONCORD AVENUE + CAMBRIDGE, MASSACHUSET1S O

SET and RESET are illegal for unlatched <event var>s.

When used in a <bit expression>, an unlatched event variable
is equivalent to a literal "FALSE".

SIGNAL initiates all event actions depending upon the TRUE
state of this event. Note that when an event expression
depends upon a logical product of nultiple <event var>s,
at most one such <event var> can be unlatched if the event
action is ever to be taken.
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SUMMARY :

unlatched event

SET RESET SIGNAL
) Take all event
illegal illegal actions depending

on TRUE state of
<event var>

1. Set event state

Take all event
actions depending
on TRUE state of
<event var>

old |, TRUE
value
latched is no action
event N 2. Take all event
FALSE . . .
actions depending
on TRUE state of
<event var>
old 1. Set event
value state to FALSE
latched is no action
event TRUE 2. Take all

event actions
depending on
FALSE state of
<event var>

Take all event
actions depending
on FALSE state of
<event var>
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8.0 Process-cvents.,

Every program or task klock has associated with it
a "process-event" of the game name. This process—event behaves
in every way like a latched event except that it may not
appear in SET, RESET or SIGNAL statements. Its purpose is
to indicate the existence of its asscciated program or task
process. If a process of the same name as the process—-cvent
exists in the process gueue, the value of the procesc-ovent
is TRUE, otherwise it is FALSE.
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@ 5.10 D:za Sharing and the UPDATE Blosk

The UPDATE block provides a controlled environment
for the use of data variables which are chared by two or more
processes. If controlled sharing of certain variables Jg
desired, they must possess the LOCK(N) attribute, where N
indicates the "lock group" of the variable (see Section 4.5).
LOCKed variables may only be used inside UPpATE blocks. A
LOCKed variable appearing inside an UPDATE block is said to
be "changed" within the block if it appears in cone ©r more
statements which may change its value (the left-hand side
of an assignment for example). It is said to be "“accessed"
if it only appears in contexils other than the above.

A formal specification of the UPDATE block appears in
Section 2.4. The manner of operation of an UPDATE block is

implementation dependent, but is such as to provide certain
. safety measures.

OPERATIONAL RULES:

1. If two processes both require variables from the same
lock group to be changed, then the first process entering
its UPDATE block must complete execution of the block bhefore
the other process can enter its own UPDATE block. The
second process is placed in a stall state for the duration.

2. 1If one process entering an UPDATE block requires a _
variable(s) with the attribute LOCK(*) to be changed, {f \
then the situation is eguivalent to one in which the L 124
process requires use of a variable from every lock group.

3. If only one of the processes requires a variable of a
lock group to be changed, the other merely reguiring it
to be accessed, then depending on the implementation,

‘ either Rule 1 or 2 holds, or some overlap in execution

of the two processes' UPDATE blocks is allowed. The
nature of such overlap must be such as to provide
exclusive use of the lock group by the process requiring
its change between the point where the variable is changed
and the close of the UPDATE block.

4. If both processes only require & variable of the same lock

group accesseq, then execution of the two processes‘ UPDATE
block may be allowed to overlap depending upon implementation.

5. If there are several simultaneous conflicts in using
shared variables because ol the participation of more
than two processes, OX loOYe than one lock group, then
the most restrictive of Rules 1 through 4 requircd is
applicd to resolve the conflicts.
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9. ERROR RECOVERY AND CONTROL

References to so-called 'run time errors' have bheen
made elsewhere in this Specification. Such errors arise at
execution time through the occurrence of abnormal hardware
or system software conditions. FEFach HAL/S implementation
possesses a unique collection of such ervors. The errors
in the collection are said to be "system-defined". 1In any
implementation every possible system-defined error is assigned
a unique "error code". In addition, a number of other legal

‘ error codes not assigned to system-defined errors may exist.
These can be used by the HAL programmer to create "user-
defined" errors. All run time errors, both system- and user-
defined, are classified into "error groups". The error code
for an error consists of two positive integer numbers, the E
first representing the error group tc which it belongs, and
the second uniquely identifying it within its group. The
mechod of classification is implementation dependent.

At run time an Error Reccvery Executive (ERE) senses
errors, both system-defined and user-defined, and determines
what course of action to take. TI'or every error group, a
standard system recovery action is defined which the ERE will
take unless error recovery has becn otherwise directed by the
user. Depending on the error and the implementation, the
standard system recovery action may be to terminate execution
abnormally, to execute a fix-up routine and continue, or to
ignore the error.

In a real time programming context, every process in

‘ the process gucue has a separate, indapendent "error environ-

ment" which is continuous from the time of initiation of

the process to the time of its termination. At any instant

of time the "error environment” of a process is the totality

of error recovery actions in force at that time for all

possible errors. At the time of initiation cf the

process, the standard system recovery action is in force for

all errors. -

HAL/S possesses two error recovery and control state-
ments. The ON ERROR statement is used to modify the error
environment of a process at any time during its life. The
SEND ERROR statement is used for the two-fold purpose of
creating user-defined error occurrences, and simulating system-
defined error oOccurrances. E B
!
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9.1 The ON ERROR Statement.

The ON ERROR statement ig used to change the error
environment prevailing at the time of its execution. It
can change the error recovery action for one selected
error code, for one selected error group, or for all
groups simultaneously. There are two basic forms of
the statement: ON ERROR and OFF ERROR.

Error environmeni modification operates according to
HAL/S name scope rules. If an ON ERROR with a given error
specification is executed in a particular code block, then
the modified recovery action remains in force until one of
three things happen:

@ the modification is superseded by execution of
a second ON ERROR with the same error specification.

e the modification is removed by execution of an
OFF ERROR with the same exror specification, the
recovery action thereupon reverting to that in
force on entry into the code block.

® +the modification is automatically removed by exit
from the code block.
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SYNTAX:

ON ERROR statement

error spac Fan

number

number number

basic

statement
error spec

oFF )}

-

* f ON &i10r $pac
| S
-{ SIGNAL }--

—— CYSTEM - -
N ) f

IGNORE

ERRONEQUS: ON ERRORg IGNORE AND SET 10TA;

—————— Co - Do -0
statemsnt

\/‘ orror spac = statemant
example:
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SEMANTIC RULES:

1. The ON ERROR statement consists of two parts: a
specification of an error action to be taken by the
ERE, preceded by an <error spec> specifying the
error number, error group or groups to which the
action is to apply.

2. There are three forms of <error spec>, for specifying
either all error groups, or a selected error group,
or a selected error code.

& The form of <error spec> without subscript is
used to specify all error groups.

@ The subscript construct <number> with optional
following colon is used to specify a selected
<error group>. The value of <number> is restricted
to the set of error group numbers defined for a
particular implementation. o

© The subscript construct <number>: <number> is used
to specify a selected error code. The leftmost
<number> designates the error group numbel; the
rightmost <number> the selected error number within
the group. Values are restricted to the set of
error codes defined for a particular implementation.

3. The form ON ERROR .... specifies the modification of
the error recovery actions for the given <exror spec>.
" OFF ERROR .... specifies the removal of a modification
previously activated in the same name scope for the
same <error spec>. If no such modification exists,
the OFF ERROR is effectively a nc-operation.

4. The presence of the IGNOREL clause specifies that in the
cvent of occurrence of a specified error, the ERE is
to take no action other than allow execution to proceed
as if the error had not occured. The IGNORE action may
not be permitted for certain errors.

5. The presence of the EYSTEM clause specifies that in the
event of the occurrence of a specified error, the ERE
is to take the standard system recovery action.
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6. The form ON ERROR ... <statement> specifies that
<statcment> is to be executed on the occurrence of a
specified error. <statement> may optionally be
labeclled. However, gsuch labels may ggéx_be ceferenced
by EXIT or REPEAT statements within the (compound)
<statement> thus labelled. After exzcution of <statement>,
execution normally restarts from the executable statement
following the ON ERROR statement. Execution of <statement> i3
itself may of course modifly this. &

S W

S r e e e e
PH ey

b

7. It is important to note that the form ON ERROR ....
<statemant> is itself a <statement> whilst other forms
of ON FRROR are <basic statement>s. The form ON ERROR ...
<statement> may therefore not be the truve part of an
IF...THEN...ELSE statement.

8. If an ON ERROR possesses a SYSTEM ox IGNORE clause,
it may also possass an additional SIGNAL, SLT, or
RESET clause. The purpose is to cause the value of
an <event var> to be changed on the occurrence of a
specified error. Its semantic rules are the same
as those described for the corresponding SIGNAL, SET
and RESET statements in Section 8.8. Note that if
<event var> contains a subscript expression,; then that
expression will be evaluatcd at the time of execution
of the ON ERROR statement, not on the occurrence of the
error.

PRECEDENCE RULE:

In a code block the action specified by an ON ERROR is

only superseded by another if the two <error spec>s are

of identical form. Similarly an OFF ERROR nullifies the
effect of a previous ON ERROR only if the two <error spec>s
are of identical form. However, different forms of

<error spec >may invelve the same errcr group or error code.
It is logically possible for up to three ON ERRORs, each with
a different form of <error spec> as described in Rule 2 above,
to be active simultancously and involve the same error code.
The ON ERROR precedence order for determining the recovery
action in the event of an error occurrence is as follows:

10
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<error spec>
Error subscript
Specification construct Precedence
LAST
[
all groups - 1
‘ selected group {<number> :} 2
<number>
selected exror <number>:<number> 3
code
FIRST
Y
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9.2 The SEND FRRO! Cictement,

The SEND ERROR statement iz used to announce a selected
error condition to the ERE. If the error selected is 'systewm-
defined' then in effect that error is being simulated.

SYNTAX:

SEND ERROR staiemant @

basic
statement

SEND ERROR

example:
SEND ERROR 15,

SEMANTIC RULES:

1. <number> : <number> is a subscript construct consisting
of two unsigned integer literals. The leftmost <number>
designates the error group to which the selected error
condition belongs. The rightmost number denotes the

. error number within the desig¢nated group. Values are
restricted to the set of error codes defined for a
particular implementation. If the crror code corrxesponds
to a system-defined error, then that error is simulated
by the ERE. Simulation of certain system~defined errors
may not be permitted.

2. The action taken by the ERE after announcement of the
selected error condition is dictated by the error
environment prevailing at the time of execution of
the SLEND ERROR statement.






10.  INPUT/CUTPUT STATHAENTS

The HAL/S language provides for two forms of I/0:
sequential I/O with conversion to and from an external
character string representation; and random-access record-
oriented I/0.

All HAL/S I/0 is directed to one of a number of
input/output "channels". These channels are the means used
to interface HAL/S software with external devices in a run
time environment. In any implementation each channel is

‘ assigned a unique unsigned integer identification number.

The input/output statements described in this Section
are intentionally general-purpose. They provide a basic
support facility for applications programming on the Shuttle
project. Specialized hardware-oriented I/0 commands may
be created via features of the HAL/S Systems Language,
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@10.1 Sequeniial 1/0 Statemenis.

All seguential I/0 in HAL/S is to or from character-
oriented files. HAL/S pictures these files as consisting of
lines of character data similar to a series of printed lines
or punched cards. An "unpaged" file simply consists of an
unbroken series of such lines. 1In a "paged" file the lines
are blocked into pages, each a fixed, implementation depend-
ent number of lines in length. The choice of paged or
unpaged file organization for each sequential I/0 channel is
specified in an implementation dependent manner.

HAL/S pictures the physical device as moving across
the file a read or write "device mechanism" which actually
performs the data transfer. The device mechanism has at
every instant a definite column and line position on the file.
The action of transmitting one character tc or from the file
is followed by the positioning of the device mechanism.to

.the next column on the same line. When the end of the line

is reached the device mechanism moves on to the first
(leftmost) column of the next line.

The HAL/S seguential I/0O statements are the READ,
READALL, and WRITE statements. Within these statements I/0
control functions can be used tc cause explicii positioning
of the device mechanism on the file. :
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10.1.1 The READ and REATALL Statements.

The sequential input of data is accomplished in HAL/S
by employing either a READ or a READALL statement. The choice
depends upon the format of the character input and the conver-
gions (if any) which are to be performed. A READ statement
is used wherever data in a standard external format is to be
input; the READALL is used wherever arbitrary character string
images are to be input without conversion.

SYNTAX:

READ and READALL s*ricments

' —\
. basic
statement

- [ o : READ ~ number

example: ( ) -

READ({4) LINE(5), DELTA,;

GENERAL SEMANTIC RULES:
. 1. <number> is any legal I/0 channel number.

2. <i/o control> is any legal I/0 control function used to
position the device mechanism explicitly.

3. Unless overridden by explicit <i/o control> before the
first <variable>, the device mechanism is automatically
noved to the leftmost column position and advanced to
the next line prior to reading the first <variable>.

A SKIP, LINE, or PAGE <i/o control> before the first
<variable> overrides the automatic line advancement. A
TAB or COLUMN <i/o control> overrides the automatic column
positioning.

. 4. An unexpected end of file reached during the rcading of
data from the input file causes a run time error.
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SEMANTIC RULES (READALL Version):

1. <variable> may be anv clraracter or structure variable
in an assignment contexi. This specifically excludes
input parameters of functions and procedures. IFf it
is of structure type, all the terminals oi the template
it references must be of character type. In this case,
also no nested structure template references are allowed.

2. If <variable> is an array or structure cach element
thercof is filled sequenrtially in its "natural sequence".

3. Data is read fyrom the input file charactcr by character
from left to right, each <variable> element being filled
in turn. Filling of an element is completed either when
the end of a line on the file is reached, or when the
element has reached its declared maximum length, which-~

. ever happens sooner.

SEMANTIC RULES (READ Version):

1. <variable> is any variable which may be used in an assign-
ment context. This specifically excludes input parameters
of functions and procedures.

2. If <variable> is a vector or matrix, or an array or
structure, each element thercof is filled seqguentially
in its "natural sequencc".

3. The device mechanism (cubject to <i/o control>») scans
the input file left to right, from line to line, looking
for fields of contiguous characters separated by commas,
semicolons or blanks. Each field found is in turn trans-
mitted and converted from its standard external format
{0 an appropriate HAL/S data value. Fields may not cross
. line boundaries except when reading character strings.

4. A semicolon field separator encountered during a normal
sequential scan to fill a variable element terminates
the READ statement as follows:

¢ The current variable element is left unchanged;

o All remaining <variable>s in the statement are
unchanged;

¢ 21l remaining control functions in the statement are
ignored.

<i/o control> functions can force the device mechanism
over the semicolon without causing early termination.

‘ 10-4
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5. A null field is transmitted whenever a comna Or a
semicolon is detected when data is expected, This
occurs when a comma or semicolon is:

¢ preceded by a comma Or semicolon;

®© preceded by one or more blanks following the las
comma or semicolon.

111

SCamg I b 2t
-

Bada

A null field causes the corresponding variable element
to remain unchanged followiug transmission.

”

. 6. Fields are assumed to be in a standard external format
matching the type of each corresponding type of variable
element. A list of standard external formats is given in
Appendix E. A mismatch between standard external format
and elcment type causes a run time error.
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10.1.2 The WRITE Statement.

The sequential output of data is accomplished in
HAL/S by employing the WRITE statement.

SYNTAX:

WRITE statemznt @
basic
statermant

.

{ expression

i/o control lr
467

example:
WRITE (6) ALPHA, SXIP {2), BETA;

SEMANTIC RULES:
. l. <number> is any legal I/0 channel number.

2. <i/o control> is any legal I/0 control function used
to position the device mechanism explicitly.

3. There are no semantic restrictions on <expression>.
4. If <expression> is of vector or matrix type, or is an

array or structure, then each element thereof is trans-
mitted sequentielly in its "natural sequence".
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5. Unless overridden by explicit <i/o control> before the
first <expression>, the device mechanism is automatically
moved to the leftmost column position and advanced to
the next line pirior to transmitting the first <expression>.
A SKIP, LINE, or PAGE <i/o control> before the first
<ewxpression> overrides the automatic line advancement.

A TAB o1 COLUMN <i/o control> overrides the automatic
column positioning.

6. ILach element in turn is converted to its standard external
format before being transmitted to the output file. A
list of standard external formats is given in Appendix .

7. Between the transmission of two consecutive elements,
the device mechanism is moved to the right by an implemen-
tation dependent nunber of columns. If a TAB or COLUNMN
' <i/o control> separates two consecutive <expression>s
then this overrides the automatic movement between trans-
mission of the last element of the first <expression> and
the first element of the second <expression>.

8. When a line has been filled to the point where the next
converted output field will not fit in the remaining
columns, a wrap--around condition occurs. The actions

. taken in such a case are implementation dependent.
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10.1.3 1/0 Contrnol Functions.

An I/0 control function is introduced into a READ,
READALL, or WRITE statement to cause cexplicit movement of the
device mechanism. Note that the interpretation of each I/0
control function differs depending upon whether the file is
paged or unpaged.

SYNTAX: g

i/o control function

o (o =
5 ", { sxip «@-——— arithexp -——”"@—"‘
G

example:

COLUMN (1+2)

SEMARNTIC RULES:

1. <arith exp> is an unarrayed scalar or integer arithmetic
exprossion specifying a value to the control function.
The value is treated as an integer: scalar values are
rounded to the nearest integer prior to use. 1In the
following rules, let the value of <arith exp> be denoted
by K.

2. TAB (K) specifies relative movement of the device mech-
anism across the current line by K character positions
(columns). Motion is to the right (increasing column
index) if K is positive, to the left if K is negative.
Positioning to negative or zero column index values, or
to a positive index greater than an implementation depen-
dent marirum causes a run time error.
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3. COLUMN (K) spccifies absolute movement of the device
mechanism to colwan K of the current line. Values of
K may range from 1 to an implementation dependent maxi-
mum value. Column indices outside the legitimate range
cause run time errors.

4. SKIP (K) specifies line movement relative to the current
line of the file. A positive value of K will cause for-
ward movement. Subject to implementation and hardware
restrictions, backward movement is indicated by a negative
value of K. Error conditions will be indicated if a
skip causes movement past either erd of the file, or
movement in violation of any implemcntaticen restriction
on the direction of the skip.

. 5. LINE (K) specifies line movement to a specified line
number, K. Two interpretations occur depending upon
whether the file is paged or unpaged.

6 Paged files - LINE (K) advances the file uncondition-
ally. K may not be less than 1 or greater than the
implementation and hardware dependent number of lines
per page, otherwise an error condition will be indi-
cated. If K is not less than the current line number,
the new print position is on the current page; if K
is less than the current line number, the device
mechanism is advanced to line K of the next page.

© Unpaged files -~ LINE (K) positions the device mechan-

ism at some absolute line number in the file. On

input K must be greater than zecro, but not greater

than the total number of lines in the file. On output,

K must merely be greater than zero. In either case,
" values outside the indicated ranges cause run time

errors. Depending on the implementation, values of

K causing backwards movement may be illegal.

6. PAGE (K) is only applicable to paged files and specifies
page movement relative to the current page. If K is
positive the movement is forward, towards the end of
file. Depending upen the implementation, negative page
values may or may not be legal. The line value relative
to the beginning of the page remains unchanged.
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Random access I/0 is handled by means of the FILE
In this access method individual
file may be written, retrieved or updated.

address" 1is used to specify the particular record on the

statement.
file referenced.

SYNTAX

Random /ccess [0 end the rILE Statement,

A unicgue

records on a
"record

pasic
statement

example:

FILE statements

file exp —@——exprtmim _]\‘
Ivariable r--‘@—- file exp — @——

number

arith exp —@———

FILE(3,J+2) = ALPHA ; 14 1000

SEMANTIC RULIS:

1. The statement is an output I'ILE statement if <file exp>
is on the left of the assignment.
the right, then the statement is an input FILE statement.
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- 2. <file exp> spccifies the random access I/0 channel and
record address to be referenced. <pumber> is any legal
random access channel number. <arith exp> is any unarrayed
integer or scalar expression. If the expression is scalar,
its value is rounded to the nearest integer before use.

A run time error occurs if its value is not a legal recoxd
address.

3. Any record on a randcm access file may be transmitted by
a FILE statement.

4. In the input FILE statewment, <variable> is any variable
usable in an assignment context. This specifically
excludes input parameters of function and procedure blocks.
Moreover, <variable> is also subject to the following

rules:
‘ © No component subscripting for bit and character
tvypes.

6 If component subscripting is present, <variable>
muet be subscripted so as to yield a single
(unarrayed) element of the <variable>.

® 1If no component subscripting is present, but acray
subscripting is, then all arrayness must be subscribted
away.

© BIT type structure terminals which have the DENSE
attribute may not be used, duec to packing implications.
However, an entire structure with the DENSE attribute
may be used.

@ TIf the <variable> is a structure terminal or a
minor structure node (but not if it is a major
structure) and i1f the structure possesses multiple

‘ copies, then the number of copies nust be reduced
to one by subscripting.

5. In the output FILE statement, there are no semantic
restrictions on <expression>.

6. Compmatibility between duta written by an output FITLE
statement, and later reference to it by an input FILE
ststement is escumed. The exact interprctation of compa-
tibility is implementation dependent. In general, the
FILE statement transmits binary images of the internal
data forms, so that compatibility will be guaranteed 1if
the <cxpression> of the output FILE statament and the
<variable> of the input PILE statement have the samc data
type and organization.
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11, SYSTENS LANGUAGE FEATURES ®

11.1  INTRODUCTION

The systems language features of HAL/S are described in this
section. The features presented here are in three sections.
The new Program Organization featuvres are "Inline Function
. Blocks" and "%-macros". A data-related feature of this

‘ systems language extension is the concept of "TEMPORARY
variables". The NAME Facility concerns a new concept in
HAL/S, the addition of NAME variables pointiny to data or ' E
blocks of code. '

The information contained in this section constitutes
an extension of material presented earlier. BAccordingly,
many of the syntax diagrams presented here are

. nodified versions of earlier diagrams reflecting the
extended features. Such modified diagrams are indicated
by appending the small leter "s" to the diagram number.

11.2  PROGRAM ORGANIZATION FEATURES

The addition of Inline Function Blocks and "$-macros"” to
HAL/S extends the information presented in Scction 3
concerning program organization. Inline functions are a
modified kind of user function in which invocation is

. simultaneous with block definition. %-macros may be
viewed as a class of special purpose implementation
dependent built-in functions.

+ The title indicates that the usage of these constructs
is more suited to systems programming rather than
applications programming. The programmer is warned
that unrestrained and indiscriminate use of certailn of
these constructs can lead to software unreliability.
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11.2.1 Inline Function BLocks

The HAL/S Inline Function Block is & method of
simultancously defining and invoking a restricted version
of the ordinary user function construct. Its primary

E ‘ purpose is to widen the utility of the parametric REPLACE
statement described in Section 4.2. Its appearance is
generally in the form of an operand of an expression.

SYNTAX:

arith @
bit

§

inline § 4 char
function struct
{ FUNCTION J— type spec _f,:\ ——
17 J
~ statement |
10
— ww o — declare group L, DA :\J closing -;——————

11

: L— update block ./

4
example:
IF X »= Y THEN R = FUNCTION VECTOR;
DECLARE A,B;
A= 3X + Y;
B = X/Y’
RETURN VECTOR(A,B, 0);
CLOSE;
T = Rx*V;
e —_—

SEMANTIC RULFES:

1. The syntactic form is actually equivalent to that of a
function block except that:

a) The <&inlinc function> has no label;
b) The <§inline function> has no parameters;

c) .The <§inline function> definition becomes an operand
in an expression.
11-2
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Tlha semantic rules for an <§finline funciion> block

definition are the same as those for the <function

block> definition described in Section 3.3, subject
to restricticns listed below.

A <§inline function> may not contain the following
syntactical forms:

© All forms of I/O statements;

6 All forms of reference to user—-defined PROCEDURE
and FUNCTION blocks;

® Real Time statements.

A <§inline function> may only contain one form of
nested block, the <update block>. The following
block forms are thus excluded:

® <function block> definitions;

¢ <procedure block> definitions;

@ Further nested <finline function>s.

In use, the following semantic restriction holds:
<§inline function>s may not appear as operands of

the subscript or exponent expressions.

The <§inline function> falls into one of the following
four categories:

<arith inline> - <type spec> specifies an
' inline function of an arith-
metic data type: SCALAR,
INTEGER, ECTOR or HMATRIX.

<pbit inline> - <type spec> specifies an

inline function of a bit
type: BOOLEAN or BIT.

11-3
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<char inline> - <tvpe gpec> specifies an
inline function of the
CHARACTER data type.

<struct inline> - <type spec> specifies an
inline function with a
structure type spocifica-
tion.

The use of inline functions as operands of HUAL/S
expressions is discussed in Section 11.2.3.

11.2.2  %-macho References

The HAL/S %-macro facility provides a means of
adding functional, special-purpose extensions to the
language. without requiring syntax changes or extensive
rewriting of the compiler programs. The details of the
implementation of any given %-macro will depend upon
its nature and purpose. Possible options include inline
generation of code or links to an external routine
performing the processing of the %-macro.

The syntax of the %-macro reference is presented
in this section. The invocations of %$-macro routines in
various expression or statement contexts is described
below in Sections 11.2.3 and 11.2.4.

Defined %$-macros are described in Appendix I.
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version
SYNTAX:
e, arith O
bit ._..
§ § char
o . struct
o macro t\,’pcless

(% r&acro- arc>

% label }‘—— @

SEMANTIC RULES:

1.

TRICS INCORPOHATED

The %-macro reference falls into one of the following
five categories based upon data type:

® <arith %$-macro> is a reference to a %-macro which
returns an arithmetic value of INTEGER,
SCALAR, VECTOR or MATRIX data type.

o <bit %-macro> is a reference to a %-macro which
returns a bit string value.

@ <char %-macro> is a reference to a %-macro which
returns a value of the CHARACTER data type.

¢ <Btruct %$-macro> is a reference to a %-macro which
returns a structure data value.

® <typeless %$-macro> is a reference to a %-macro
which performs some systems function but
returns no value and may only be referenced
from a <%-macro call statement>. (Sec¢ Section
11.2.4 below).

A list of defincd $-macros appears in Appendix T.
Availeble %$-macros in any implementation will be
provided in the appropriate User's Manual,

The <%label> is a reserved word beginning with the
character "%" which identifies thc $-macro in gquestion.
The character "%" distinguishes %$-macro names from all
other reserved words in the HAL/S lsnguaye
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3. A serics of one or more arcuments of the %-macro
reference may be supplied. The type, organization
and number of the arguments supplied to the %-macro
must be consistent with the reguirements of the
routine.

4. Details of <%-macro arg>s will be supplied with the
definition of a given %$-macro.

11.2.3  Operand Reference Invocations

Inline Function Blocks are always invoked at the
point of their definition as operands of <expression>s.
" g-macros are also invoked as operands of <expression>s
when they are of a definite data type and thus return
a value. Similar modifications of several syntax
diagrams from Section 6 add these features to arithmetic,
bit, and character operands, and to structure expressions.
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SYNTAX OF ARITHMETIC ORPERAND:

; : =
arithmetic operand (2:)
‘S
ISR arith var S
arith
operand
r—-—@——— arith exp —‘@"—\
I, + ‘\ . o k5 —.
{ number —
3 -\ —\ / "‘\ Canl
. e ———1  normal function e precision
e ———{ arith conveision <
e arith infina -
Neeeeed arith % macro ~
A

SEMANTIC RULES:

1. This syntax diagram is a systens language extension
of the arithmetic operand diagram in Section 6.1.1.
The semantic rules of Section 6.1.1 apply to this
revised diagram.

ck which has an

2. <arith inline> is an inline function bl
tatement.

arithmetic <type spec> in its bheader s

3. <arith %-macro> 1s a reference to a %$-macre which
returns an arithmetic value (Sce 11.2.2 above).

. 11-7
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‘SYNTAX OF BIT OPERAND:

lit opetaind . 2‘7
S
r-@——- hitexp ——-@-—\

—-{ hit var >

—

event var pe———a

VRN
Ws-evem name —]
. bit !itcralj————*

normal function  f———

@

N———  bit conversion e

bit pscudo-var  p———

]

po—1 bit inline —

N b:t $macro | e

SEMANTIC RULES:

.l. This syntax diagram is a systems language extension
of the bit operand diagram in Section 6.1.2. The
corresponding semantic rules found in Section 6.1.2
also apply to this revised diagranm.

2. <bit inline> is an inline function block which has a
bit string (BOOLEAN or BIT) <type spec> in its header
statent.

3. <bit %macro> is a refercnce to a %$-macro which returns
a value of the BIT or BOOLEAN data types.

ERNVLTRICS INCORPORATED » 701 CONCORD AVENUE « CAMBRIDGE, MASSACHUSETTS 02138 » (617) 661-1840
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SYNTAX OF CHARACTER OPERAND:

charecter operand 29

r——-@-—-—- char exp _@»w\

B char var .

g
4
A

r .
k--——-»—-—jnormal functicn PO
1)

char literal }._._,.__/

! char coniversion -~

X T
L. I{char inline fmmq

char %iacro

SEMANTIC RULES:

1.

2.

3.

This syntax diagram is a systems language extension
of the character operand diagram in Section 6.1.3.
The corresponding semantic rules found in Section
6.1.3 also apply to this revised diagram.

<char inline> is an inline function block which has
a CHARACTER <type spec> in its header statement.

<char %$macro> is a reference to a %$-macro which returns
a value of the CHARLKCTER data type.

11-9




SYNTAX OF STRUCTURE EXPRESSTION:

structura oxpression
29°)

structure
expression

e structure var,  jr———————r—

normal
function

Y

e structure inling  }—~———aeeee]

A

L——————-——- Struct % Macro e’

SEMANTIC RULES:

1. This syntax diagram is a systems language extension of
the structure expression diagram found in Section 6.1.4.
The semantic rules found in Section 6.1.4 also apply to
this revised diagram.

2. <struct inline> is an inline function block which has a
. structure <type spec> in its header statcment.

3. <struct g$macro> is a reference to a %-macro which returns
a value of a structure data type.

1110
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11.2.4  The %-Macrno Call Statement

[e]

The invocation of a typeless %-macro is
performed by a <%$-macro call statement>.

SYNTAX
%
macro czll
statement
L / type?::s Y
N % mMatro \_f/'
exanile: %SWAP(A,B,C); ]

SEMANTIC RULES:

. 1. The <%-macro call statement> invokes execution of the
typeless %$-lmacro being referenced.

2. The effect of this statement is dependent upon the
details of the %-macro beinyg referenced.

. 11-11
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1.3 Temporcry Variabies

The extension of HAL/S data concepis to include a

TEMPORARY variable form for
within the systems language
incorporating the TEMPORARY

use within DO «groups is defined

facilities.
variable is

The object of

to increase

the

optimization and efficiency of the object code produced by the

compiler.

Depending upcn

the details of the object

machine, a temporary variable might be stoved in a CPU
register or a high speed, scratchpad memory location rather
than in the slower main storage. Coding efficiency may also
be achieved with temporary variables because the instructions
needced to access register or scratchpad meumory values are

. generally more compact.

Since the existence of a temporary

variable 1is confined to a DO group

(from DO header

statement to the END statement),
localized control variables.

17.3.1 Regular TEMPORARY Variables

these forms become highly

Regular TEMPORARY variables are declared in TEMPORARY
statements following the DO statement which begins a DO ,.. END
statement group and preceding the first executable statement of

the DO END statement group.

systems language extension of the DO...END

in Section 7.6.

SYNTAX:

The following disgram is a
statement group

basic
statemant

[

DO ... END Statanunt Group

— —! statenment
. i | SR
) j | O
L “»‘ ratzent '-J"““ e e e e e bt G e e e £ — cnd statement ——

_1[ tain mn-;kj,__J

+i=12

TERMETRICS
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SEMANTIC RULE:

1. The TEMPORARY declaration may be included as part of any
DO group ecxcept a DO CASE group. Use cf TEMPORARY
variables within nested DO groups of a DO CASE is allowed.

The TEMPORARY statement is a special purpose data declar-
ation used to create TEMPORARY variables for general use within
the DO group syntax as described above. Iis form compares very
closely to that of the DECLARE statement in Section 4.4.

SYNTAX:

temporary staiement @
temporary ()
stztement \L/

-——:}—@‘-—A‘:(\ ®- r ientifisr }—{ stirib-utos -4
— L l
=

altributas

SEMANTIC RULES:

1. In the <temporary statement>, <attributes> may define
the <identifiers> to be of any data type except EVENT.

2. <attributes> may only specify type, precision and
arrayness.

3. No mincr attribute is legal. -
4, The name of <identifier> may not duplicate the name
of another <identificr> in the same name scope

(procedure, function, or othcr block) or of another
temporary in the same DO ... END group.

11-33
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11.3,2  Loop TEMPORARY Va'iinbies

The Loop ''EMPORARY variable form is used in the context
of the DO FOR group and 1'% declarcd by its specificaticn in a
DO FOR statement. The fellowing two syntax ai iagrams are modifi-
cations of the discrete DO FOR and the iterative DO FOR

syntax diagrams. ) ‘

SYNTAX:

discrets DO FOR with loop TEMPORARY varisble index (sg)
ver®
do
stetement S
1Ef‘x’.p(')3/f\ﬁ\)—c~bdrn!iﬁe:'
>
< DO FOR «—-[' arith var. SR ——— —— —— —

- O~
{}t{:*_J

UNTIL bt exp _}

R | O :

SYNTAX:

Jarstive DO FOR with loop TEMPORARY varicbly index . O
>

co .
fatereat S SR
("{ TELCOTARY "‘*‘ iantiticr ’»—

!
!

ey G L e
—— _C“T;"““}_{— '"ZIZLL’T'"} . s e 5 . ; (__@__ —
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AT

SEMANTIC RULES:

1. All the semantic rules for DO FOR statements which are
given in Section 7.6.4 and 7.6.5 apply as well to the
corresponding Lcop TEMPORARY forms. Additional rules for
Loop TEMPORARY variables arc given below,

2. The Loop TEMPORARY variable is defined in the DO FOR
statement; a loop TEMPORARY variable is always a
single precision INTEGER variable.

3. The scope of the Loop TEMPORARY is the DO FOR group of
the DO FOR statement which defines the variable.

4, The <identifier> name used for the loop TEMPORARY may not
duplicate the name of another <identifier> in the same
neme scope, nor may it duplicate the name of another
TEMPORARY variable in the same DO ... END group,

1305 .
MOS INCORPORATID « 701 CONCORD AVENUY - CAMBRIDGE, MASSACHUGITYS 02138 « (517) 651-1240



Version JR-G1-6

[
.4 The NAME Facility

This section gives a definitive description of the
HAL/S NAME facility. "This facility is designed to £111
the system programmer's need for a "pointer" construct,
Tts basic entity is the MNAME identifier: a NAMD identifiex
"points to" an ordinary HAL/S identifier of like attribut=c
The "value" of the NAME identifier is thus the Locallion or the
identifier pointed to. (An "ordinary" identifier is a HAL/S
identifier without the NAME attribute).

11.4.1 Identifiens witn the NAME Attrnibute

'. Tdentifiers declared with the NAME attribute become
NAMFE identifiers. NAME identifiers may ke declarcd with
the following data types:
INTEGER PROGRAM
SCALAR TASK

VECTOR
MATRIX
BIT
BOOLLEAN
CHARACTER
EVENT
STRUCTURE

| PARRATANIIR LI 205

The following diagram is an extension of the DECLARE state-
ment syntax diagram in Sccticn 4.4. The rodification shows
how the keyword NAME is used in such a declaration to state
the NAME attribute.

SYNTAX:
o Qémiiat e Gamnent S

= P

e ———j[c_v ——==tor

CECLARE ALPHA NAME VECTOR (7); -

‘ 11~1¢
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GENIIRAL SEMANTIC RULES:

1. The following <attribute>s apply to the NAME variable
itself and bear no relationchip to the ordinarxy
identifier which is pointed to at any given time during
execution:

¢ The <initialization> attribute (if supplied) refers
to the initial pointer value of the NAME variable
itself.

o STATIC/AUTOMATIC refer to the mode of initialization
of the NAME variable itself on entry into a HAL/S
Llock.

. e DENSE/ALIGNED apply to the actual NAME variable when
it is defined by inclusion in a structure template,

All other legal attributes describe the characteristics

of the ordinary variables to which the NAME variable may
point. Except as noted below, these other attributes must
always match the corrospondlng attributes of the ordinary
variables to which the NAME variable points; compilation

errors will ensue if this is not the case.

2. The ACCESS attribute is illegal for NAME variables; its
absence dogs not prevent NAME identifiers from pointing
to oralnaiy identifiers with the ACCESS attributes and
matching is not required in this case.

3. There must still be consistency between declared type,
attributes, and factored attributes just as is the case
for ordinary identifiers as described in Chapter 4 of this

‘ Specification.

examples

DECLARE VECTOR(3) DOUBLE LOCK(2), X, Y NAME;
DECLARE P NAME TASK;

Y may point to X
P points to any task block

- s o, e - i
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version IR-61-5

SEMANTIC RULES (Data NAML Identifiers):

1. Arrayness Specification - in general the arrayness
specification of a NAME identifier must match that
of the ordinary identifiers pointed to, in both
number and size of dimensions.

2. Structure Copy Specification - in general the nunber
of copies of a NAME identifiier of a structure type
must match that of the ordinary identifiers pointed
to.

3. The use of the "*" array specification or structure
'. copies specification is excluded from declarations
of NAME formal parameters.

4. Structurc Type — if a NAME identifier is a structure
type it may only point to ordinary identifiers of
structure type with the same structure template.

“exampies of data NAME variabies o

Y CLARE X ARRAY(3) SCALAR,

Y ARRAY(4),

Z NANME ARRAY(4) SCALAR;
DECLARE P EVENT,
DECLARE EVENT LATCHED, V, VV NAME;

Z may point to Y but not X

b e o oo

5. For iEXm329££§VQ§ character string name variable, the
"kt Form of maxinum length specification may be used.
This is an extension of the use of the "*" notation
which ajpplies nov in general to character nawo variables
as well as to formal paramztcrs.
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Versicn YIR-61~ ¢

The Label Decclarative attributes available for use in
declaring NAME identificrs which point to HRL/S block
forms have boen extended to incliude PROGSINT and TASK
keywords. The following syntawx diegram is o modifica-
tion of the Label Declarative Attributes diagram in
Section 4.6.

SYNTAX:

Pty

e, labei declaistiv. sttribute 16
S
' attributes
. r
) ——{ PROCEDURE } -0 nonHAL )-—(D—-J number }-@_—,——- ——— v
.._..._.._/ \_.4 \m—- : : l ~
R
- : .J i
;CFUNCTlON tyor sy on .
e 17
I { TASK }- -
\ - { proGRAM ) e e
—_— — el > 7 "
o o
o Y ation )
e mrenm srm-xc—)—-————-mm-\
\. — ey T L -~ o
7 S r! o
ORI 4 VS O.‘A,@«»-—————-«-——»—)
oo --~——----—-Chs NSE e o e e ]
R e . |(,r.r.Li)——~--— rmmrimmnene
| NP -~ —
~
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Version IR-061-6

SEMANTIC RULES (Label NAME Identifiers):

1. <initialization>, STATIC or AUTOMATIC, DENSE or ALIGNED
may only be applied to the <label declarative attributes>
of identifiers with the NAME attribute. They are
properties of the NAME and not of the identifiers
pcinted to.

M bwin L 4t i N+ BN AT sn B R rhm P a1 s i D 0
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Veorsion IR-01-

A

4. The following rules apply to NAME <identifiers®> of the PROGRAM
and TASK types:

e The NAME <identificr> of a PROGRAM or TASK type always
points to a PROGRAM or TASK block, respectively. A
corollary of this rule is that <process evant>s are never
referenced by NAME identifiers of the PROGRAM or TASK
types.

e The only form of PROGRAM label declarations allowed
are those with the NAME attribute.

. e The program NAME <identifier> must always point to an
external PROGRAM block name; therefore a block template is
required for each PROGRAM which may be referenced by a

NAME value.

T e B

4

Pt QGRS S

AT A G s Wl e e wi

A AN

oa o et G
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11,4.2 The NAME Attrnibute in Sthuctwre Templates

The NAME attribute may appear on any structure terminal
of a structure template. The following syntax Glogras Shows
how the keyword NAMNE is usod to state the NAME atZribute. This

diagram is a systens language extension of the Structure Template
diagram. ,
SYNTAX:
—- ftructure template statament 13
® s
structure

terny:lat2

e STRUCTUM:M{W

—— e '-" nurf‘.me—C-—idmmﬁer >‘

15

In general, the rules governing the formation of the structure
template rerain unchanged (sae Section 4,3).,
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GENERAL SEMANTIC RULEGS:

l.

Restrictions on attributes discussed in Section 11.4.1 gencrally

also apply to structure terminals with the NAME attribute.

No <initialization> may be applied to terminals; neither
may the attributes STATIC/AUTOMATIC appear,

NaAME identifiers of any type (including program, task,
procedure & function) may appcar as structure terminals,.
Note that the NAMID of an EVERT may appear in a structure
even though the EVENT itself may not,

The REMOTE attribute may be applied to a structure
terminal with the NAME attribute unless it is of
EVENT type.

SEMANTIC RULES: Nested Structure Template References

l.

ERMETRICS

Nested structure template references are special instances
of structure terminals. The manner of their incorporation
into structure template definitions is as described in
Section 4.3 via the <type spec?>,

Such references are permitted to use the NAME attribute.
If the NAME attribute is present, the following points arc
to be noted:

¢ Specification of multiple copies is still not permitted,

© The reference may be to the structure template being
defined (and of which the reference is a part). The
implicaticns of this are discussed later.
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examples of structure MAME identificrs:

STRUCTURE A:
1X NAME PROGRAM,
1Y SCALAR,
1Z NAME SCALAR,
1 ALPHA NAME A-STRUCTURF;

DECLARE P A-STRUCTURE;
DECLARL FP NAME A-STRUCTURE;

P.Z2 is a NAME identifier which may point to
F.Y

PP is a NAME identifier which may poin%t to
P

PP.Z is a NAME identifier which may point to
P.Z which is itself a NAME identifier
pointing somewhere. This is an instance
of double indirection.

P.ALPHA is a NAME identifier of A-structure type.
The consequences of this are discussed later.

11.4.3 Declarations of Tempotariies

No identifier declared in a TEMPORARY statement may
possess the NAME attribute. No such identifier of structure
type may have a template which contains one or more structure
terminals bearing the NAME attribute.
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vorsion 100-651-5

. i1.4.4 The '"Dereberenced" Gse of Somple NAME Tdentifdens

Simplce NAME identifiers are thosce which are not parts
of structure lemplates.

If a simple NAME identifier appears in a HAL/S
expression as if 1t were an ordinary identifer, then the value
used in computing the expression is the value of the ordinary
identifier pointed to by the N&ME identifier, Similarly, if
a simple NaME identifier appears on the left-hand side of an
assignment, as 1f it were an ordinary identifier, then the value
of the right-hand side is assigned to the ordinary identifier
pointed tco by the NAME identiifier. These are examples of the
'dereferenced' use of NAME identifiers.

Whenever a NAME identificr appears in a HAL/S
construct as if it were an ordinary identifier, the
dereferencing process (tc find the ordinary identifier
pointed to) is implicitly being specified. Specifically

. this still takes place when a subscripted NAME identifier
appears as if it were an ordinary identificr. Here
the dereferencing takes place first, and then the
subscripting is applied to the ordinary identifier
pointed to:

ray

examples of dereferenced NAME variables

DECLARE VECTCR(3), X, Y NAME;
DECLAKE P NAME TASK;
Q: TASK;

CLOSE;

.
' .

if Y points to X, and P to Q then -

TERMINATE P: Means terminate Q.
v Puts the cross product ErE
Y = Y=Y; of X with X in X. E
Yl =z YBJ Puts the third element of
X into the first clement.

AT o 8 DADENY e e uTey IRy T L

A special construct to bhe described in Sections 11.4.5
rel

- - a
and 11.4.6 is reguirced to nce or change the value
of a NAME identifier (as ¢

e
. ac d to referencing or
changing the value to whic points).
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11.4.5 Refenencing NAME Values

The value of a NAME identifier is referenced orx
changed by using the NIME peseudo-function. Thisg pseudo-
function must also be used in order to gain access to
the locations of ordinary HAL/S identifiers. The locations
or values so indicated will be called NAME values. The
necessity also arises for specifying Null RNAME valucs.

The following syntax diagram shows both the NAME
pseudo-function construct as used for referencing NAME
values, and the construct for specifying Null NAMND values.

. SYNTAX:

JRS— “

ncme reference @
—-{  NULL

= sub name id E—

— __@_@ID__@-J ‘ s (D

22

name
reference

SEMANTIC RULES:

" 1. <sub id> is any ordinary identifier, except an input
parameter, a minor structure, an identifier declared
with CONSTANT initialization, or an ACCESS-controlled
identifier to which assignment access is "denied" or
not asked for. <sub name id> is any NAME identifier.

2. FPither of the above forme may poscibly be modiiied by

subscripting legal for its tvpe and organization. Note,
however, the following specific excepltions:
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@ No component subscripting is allowed for bit
and character types.

@ If component subscripting is present, <sub id> or
<sub name id> must be subscripted so as to yield
a single (unarrayed) element.

© If no componcnt subscripting is present, but array
subscripting is, then all arrayness must be sub-
scripted away.

o example:
QECLARfi V NAME ARRAY(3) VECTOR;
P.JAME(VQ. ) is illegal since it

1 violates the sccond excep-
tion of semantic rule 3 above.

3. Any <sub id> must have the ALIGNED attribute.

4. NAME <identifier>s may not be declared with the ACCESS
attribute (see Section 11.4.1, rule 2). This does not,
however, imply that the NAME facility is independent of
the ACCESS control: NAME references to <sub id>s with
ACCESS control will compile without error only if
implementation dependent ACCESS requirements for

. <sub id> are satisfied.

5. If <sub id> is unsubscripted, the construct delivers
the location of the ordinary identifier specified. If
it is subscripted, the construct delivers the locaticn
of the part of the specified identifier as determined
by the form of the subscript. Subscripting can change
the type and dimensions of <sub id> for matching purposes.

6. If <sub name id> is unsubscripted, the construct delivers
the value of the NAME identifier specified. If it is
subscripted, the value of the NAME identifier is taken
to be the location of an ordinary identifier of compatible
attributes, and the subscripting accordingly modifies the
location delivered by the construct.
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7. The two cqguivalent forms NULL and NAME (NULL)
specify null MNAME values.

examples:

DECLARE X SCALAR,
Vv VECTOR(3),
NX NAME SCALAR,
® NV NAME VECTOR():

NAM[{()() yields the location of X.

NAME(NX) vields the value of NX (i.e. the
location pointed to by NX).

NAME(Vz) vields the location of the second
element of V.

NAME (NV3) yields the location of the third
element of the vector pointed to
by NV.

: 11-28
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Version IR-61-7

171.4.6 Chang(ng NAME Valucs

The value of a NAME identifier is changed by using
the N2ME pscudo-function in an assignment context. The
following syntax diagram shows the NAME pseudo~function
used for assigning NAME values:

SYNTAX:

name assign

name

. assign
7 f——‘l’\;AM‘E——}———@——- name id -*@"‘“

SEMANTIC RULE:

1. <name id> specifies any N2ME identifier except an
input parameter, whose NAME value is to be changed.
<name id> may not be subscripted (except as noted
in Section 11.4.29).

T

example:
DECLARE X NAME MATRIX;

. NAME (XD in assignment context specifies
that a new value is to be given
to X.

17.4.7  NAME Ass{grment Statemends

The NAME assignment statement is the constiuct by
which NAME values are assigned into NAME identifiers.

11-29
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SYNTAX:

neme assignmient statement @

basic
statement

name a:sign -

~ ;
Q}__-‘ nam: reference f——— :

SEMANTZIC RULEGS:
1. The <name reference> and <name assign>s must possess

arguments whose attributes are compatible in the
sense described in Section 11.4.1.

11.4.8  NAME Value Comparisoins

The values of two <name reference>s may be compared
to one another.

SYNTAX:

name conditional expression @
— ~< NOT = -

- {- name reference —-——o-\—-—-( = F-—#*——- name riference  pr——ee——

L_.____,N_{:E:)___ﬂ_,__~/

condition

SEMANTIC RULES:

1. This <comparison> may be used in any syntax whecre
other forms of <comparison> may be used, for example
in a <conditional operand» or as the <condition>
controlling a DO WHILE.
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2. Both <naine reference>s must possess arguments whose
<attributes> are corpatible in the sense described
in Section 11.4.1.

examiples:
DECLARE X SCALAR,
. NX NAKE SCALAR:
N/\ME(NX)" .r\!/"-\f'v’\E(X) ; value of NX 1s location
. of X (WX points to X).
IF NAME(NY)= NULL THEN RETURN;
if NX points nowhere,
then return.
-

11.4.9  Argument Passage Considerations

NAME values may bz passed into procedures and
functions provided that the corresponding formal para-
meters of the blocks in question have the NAME attribute.
The following two syntax diagrams are systems language
extensions of the earlier <normal function> and <call
statement> syntax diagrams.

SYNTAX:

g a1 e Wt e

_ === name reference [
roarmal
function |

e R SRR TR

R s

T f D~ IR T “""""'*4'"'”@'?""L
: B g
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SYNTAX:

™,
cali statemeni _____C:)”__., P -NW “S/

call
statement

—1 neme reierd o
( S ——
<( ) el expression R
f S

e : - fo
‘\——‘ ASSIGN ( | variable-”

nam.3 assicn —

©

SEMANTIC RULEGSG:

1. The formal parameters corresponding to <name reference>
or <name assign> arqguments of these block invocations
. must possess the NAME attribute,

2. The attributes of <name reference> and <name assign>
arguments supplied in the <normal function> reference
or <call statement> must be compatible with those of
the formal parameters in the same sense as described in
Section 1l1.4.1.

3. Tf the argument of the procedure or function invocation

is not a <name reference> then the corresponding formal
paramcter must not have the NAME attribute.
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. R SRR

exampies:

DECLARLE XI SCALAR,
X2 NAPAE SCALAR,

P. PROCEDURE(A, B) ASSIGN(C, D);
DECLARE SCALAR, A NAME,
C NANE,
D;
N/\‘\.”'.‘lE(A);

NAME(B): illegal - B is an
?
input parameter

NAME(C)
NANME(C)

it

CLOSE:
NAME(X2) = NAREXD):
CALL P (NAME(XI), X1) ASS IGN(NAME(X2), X1):

11.4.10 Tndltialization

NAME identifiers may be declared with initiali-
zation to point to scme particular identifier. The
form of NAME initialization is as follows:

SYNTAX:

NAME initislization attribute @

initialization

--——————\3———-(:&'111—;’\_(_“ }——’C(—j}————-u— nere reference @

SEMANTIC RULES:

1. The argument of the <name refercnce> must he a previously
declarcd <sub nam2 id> or <sub id> with <atlributes>
compatible with the NAME identifier being declared,

=
w
[8%)
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3. Uninitialized NAME identificrs will have a NULL
NAME value until the first NAME assignient.

4. The argument of a <name reference> may not itself
possess the NAME atiribucte.

11.4.11 Notes ocn NAME Data and Structitas

The previous sections have introduced the various
syntactical forms and rses of the NBMD attribute , <name
assign>s, and <name reference>s. The usc of these NAMD
facilities with structure desta merits further explanation
since the implicetions of the various legal combinations are
not always immediatcly apparent. Therefore, the purpose of
this section is to continue further discussion of various
aspects of NAME and structure usage by providing ceveral
exanples.

STRUCTURE TERMINAIL REFLRENCES

Consider the structure template and structure data
declaration below:

STRUCTURE A:
1 C SCAT.AR,
1 B NAMI: A-STRUCTURE;

DECLARE A-STRUCTURE, 21, 22, 23;

z1.B is a IMI identifier of A-structure type: its NAME
value may be set to point to Z2 by the assignment

NAME (Z1.B) = NAME(Z2);

If this is done then it is legal to specify Z1.B.C as a
gualified structure terminal name. The appearance of B in

the qualificd name cauvscs an implicit dereferencing process

to occur such that if %Z1.B.C is used in a dereflcrencing coantext,
the ordinary structure terminal actually referenced is %Z2.C.

If the NAME value of Z1.B is changed by

NAME(Z21.B) = NAME(Z23);

then the appearance of Z1.B.C in a derefercncing context
causes 23.C to be referenced.

=2
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Pictorially:

Now Z)1.B.B is itself in turn a NAME identifier of A-structure
type, so that if the NAME assignment

NAME (Z1.B.B) = NAME (Z2);

is executed, then 22.C may be referenced by using the gualified
name Z1.B.B.C in a dereferencing context,.

Pictorially:

Clearly this implicit dereferencing in gualified names can extend
chains of reference indefinitely. A particular conseguence is
the_creation of a closed circular chain. If the following NAME
assignment statements:

NAME (Z1.B) = NAME(Z2);
NAME (21.B.3) = NBME(%41);

arc. executed, then pictorially the following closed loop is
set up: )

57-2’:‘& Z l /.«"’” "“'\»\_ﬁ‘\.‘.’ @

0 (L) G220 @59

e .
/ \\‘_ .’"/
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)
Care must clearly be taken when using this implicit multiple
dereferencing, so that all links in the chain have previously
‘ been set up.

TMPLICATIONS OF SUBSCRIPTING STRUCTURE TERMINALS

Using the game A-structure template as before,
the following declarations are legal:

DECLARE A-STRUCTURE(3), Y1l,Y2,Y3,Y4;

|
One or more copies of Y1.C may be referred to by subscripting,
for exanple:

. . YL.C, ap g (optional semicolon for clarity)

 Note that now Yl.Bis a NAME identifier of A-structuve type
with 3 copies. One or more copies of it may therefore be

assigned a NAME-value at one time. For example:

) = NAME(YZ )i

HAME(YI.BZ AT 2 2 AT 1
In this assignment, the left hand side has arrayness: two
copies of the Y1 structure. As a result, two values will
be defined by the statement. However, the right hand side

" has no arrayness, because the object pointed to is Y24 2 1°
This is a two copy section of the structure Y2, with & o
unique ‘starting Jlocation.

Pictorially:

Notice that in the above NAME assignment a subscripted <neme 1d>
appears as argument ¢f the left-hand side NAME pseudo-function.
Subscripts so appearing are legal onlv if they can have the
}nterpretatlon exemplified, The subscriptine employed must

also be unarrayed, as was mentioncd earlier.
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Further indirection may then be set up: thus for example:
NAiE(Yl.B.Bz) = NAME(Y31);

lere the subscript 2 on the left-hand argument refers to copies

of Y1l (this capn be its only interpretation). Hence, by virtue

of the fact that Y1.B, has previocusly been set up to point to
Y21, this assignment causes Y2.Bj to point to ¥Y3j.

Arrayness will appear on both sides of a NAME Assignment
Statement only when the assigned reference terminals of
both sides possess the NAME attribute within structure
variables with copies.
Consider the tenmplate:
STRUCTURE AA:
‘ 1 C NAME SCALAR,
1 D NAME VECTOR;
And the declaration:
DECIARE AA-STRUCTURE(3), YY1 ,YY2Z;
If the terminal element YY2.D is assigned to the terminal
element YY1.D, the NAME assignment is arrayed since both
sides contain three ccpies,
Thus:
NAME (YY1l.D) = NAME(YY2.D);

causes the name values of YY2.,D found in the three copies

of YY2 to be transfered to the corresponding name variables
" in YY1.D. All the usual rules governing arrayed assignnents

apply in this case.
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MANIPULATING STRUCTURES CONTAINING NAME TERMINALS

Since the NAME attribute may bes applied to structure
terminals, a definition cf operations performaed on such _
NAME terminals in ordinarv structure assignments, compari-
sons and I1I/0 cperations is required. The following general
rules are applicable:

© For assignment statements and comparisons involving

structure data with N&ME terminals, operations are
performed on NAME values without any dereferencing.

examples:

STRUCTURE [OTA:

1 LAMBDA NARE VECTOR,

1 KAPPA SCALAR;
DECLARE ALPHA IOTA-STRUCTURE(IO);
DECLARE BETA 10TA-STRUCTURE;

ALPHA 4" BETA,;

As a part of this assignrent, the vector
identifier (or NULL) poirted to by BETA.LAMBDA
beconzs the vector identifier pointed to

by ALPUA.LAMBDA4 as if a <name assignment
stalcenant> had been used,

IF ALPHA5 = BETA THEN CALL QUE UPDATE,

In this IF statement, the structure compari-

son between the two variables (ALPHAg and

BETA) is performed terminal by terminal as

usual, For the NAME terminal LAMEDA of cach
structure operand, the effoct is the sore

as if & <name comparison> had been used: Egquality
for the corresponding NAME terminals exists if
they both point to the same ordinary identifier.
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For scquential I,/0 Cperations, all NAME terminals
~totally ignored., Name terminals can take part in

e e

Version

are

FILE

examples
STRUCTURE OMICRON
1 ALPHA SCALAR,
1 BETA ARRAY(25) INTEGER SINGLE,
1 GAMMA NAME [MATRIX(0, 10);
STRUCTURE TAU:
1 ALPHA SCALAR,
1 BETA ARRAY(25) INTECER SINGLE;
DECLARE X OMICRON-STRUCTURE;
DECLARE Y TAU-STRUCTURE;

READ(5) X |

The structure variable X is an GMICRON=-
STRUCTUKE, whese template includes the NaMb
of a 10 » 10 matrix (GnMMA). Only the
ordinary terminals are transferrcd from
Channel 5 by this READ operation —--- the value
of . X.ALPUA and the 25 values reqguircd for
X.BETA. The NAME terminal X.GAMMA is ignored.

READ(S) Y;

The structure variable Y is a TAU-STRUCTURE,
whose templatc cmits the NAMZ terminal GAlMA
found in t}u, OJIC“OQ—“J"‘L"‘.'}‘UI-:E-], but is otherwise

identical. he effect of this READ statemoent is
the samny as the previous statement as far as
] Chanrel 5 is concerned --- one value is read for
g Y.ALPLA anl 25 values are vead for Y.REUA.
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11.5 The EQUATE Fscility

this section describes the HAL/S EQUATE facility which
allows a svstem programmer +o assign an external name to an
element of a HAL/S data area.

Refervence to HAL/S data items by BAL/S code is achicved
by use of HAL/S identifiers. When such references occur acress
compilation unit boundarics, the Bleock Template provides the
information necessary to generate the reference properly. If,
however, the unit making reference to @« HAL/S deta item is not
a HAL/S code block, the Block Template facility is unavailable.
It is under these latter circumstances that the HAL/S EQUANTE
facility wmay be usod to make the location of a HAL/S data item
available to an external, non-HAL/S code block.

. 11.5.1 The EQUATE Statement

SYNTAX :
C
,f'

EQUATLC

statement (

L ermecemi ey e a— s \)
/ EauatTE o f i
—— D ] - identifier — veriable o
e \ EXTERNAL-) L '

example:
EQUATE EXTEOANAL XYZTUA;
EQUATE EXTERNAL QRS VO S.T 5:4,3:1,6:

’ v
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SEMANTIC RULES:

1. The EQUATE statement causes <icdentifier> to bocome an
externally recognizable label ol thae HRL/S <variable>.
The manner in which this 1is done is implementation depen-
dent. The EQUATE statement has the effect of raising
the name of <identifier> to a gleobal external level
such that it is known to whatever binders, loaders,
link-editors, ctc., are used by an implementation.

2. The number of characters of the <identifier> which
participate in the external name crcated as implementation
dependenrt.

3. The LQUATE statcoment does not constitute a HAL/S declara-
. tion. This implies that <identificr> may appear in a
declare statement and be used in any manner consistent
with that declaration. In the absence of such a
declaration, <identifier> is not declared and may not
be uscd anywhere else in the HAL/S code.

4. Duplication of <identifier>s among multiple EQUATE statements
within a single compilation unit is subject to implementation
dependent rules.

5. <variable> may be any HAL/S data item previously declared
in the innermost scope containing the EQUATE statement.

6. If <variable> is subscripted, all subscripts must be
computable at compile time.

7. The external nane crecated by the EQUATE statement will be »
associated with the memory location of the first (or only)
element specified by <variable>.

‘ 8. Attempts to associate external namnes with HAL/S data
items which are not located at intergrally addressable
memory locations or discontiguous memory locations are
subjcct to implementation restrictions.
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17.5.2 EQUATE Statement Placement

The following diagram is a system language extension
of the Declare Group syntax diagram in Scection 4.1. Theo
modification shows how the EQUATE statement fits into the
declaration structure of HAL/S.

SYNTAX s

premmn e
declare group

declare
jroup

——
' } replace E
- siateme N
. } statement 12 l
/X k J [N
= © >
! —
i structure template -
113
N declare {,__‘)
14

! statement

Kooy . ~ix st e e, --..w..m«,—.J

statemont

\__ cquate F___J
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A. SYNTAX DIACGRAM SUMMARIES

A.l SYNTAX PRIMITIVE REFERINCES

The syntax diagrams in this Specification are nunbered
sequentially. The CONTENTS of the Specification state
which diagrams are in each Section.

The following table shows where the HAL/S syntactical
primitives (excluding reserved words and special characters)
are rcecferred to.

NOTES :
‘ 1. Primitives are listed in alphabetical order.
2. Numbers enclosed in [ ] denote indirect references to

the primitive. Explanations are given in the accompany-
ing Semantic Rules.

gyntactical Diagram ntoclics iacram
’ Primitive NumbLer Page s%;§m;tifjl gi:\’:’_ Page
<arith var name> f19] [5-5]
20 5-5 <label> 48 7-12
i . (continued) 50 7-15
<argument> 12,1 4-6 51 7-16
52 7-17
<bit literal> 19 5-5 53 7-19
20 5-5 54 7-21
55 7-23
<char literal> (18] [4-23]) 56 71-24
: 29 611 ) 57 8-4
58 8-9
<char var name> [18) [4-20] : 59 8-11
19 5-5 €0 8-32
20 5-5 61 8-14
62 8--15
‘ <event var name> 19 5-5 63 3-3
20 5~5 €4 5--7
65 10-3
<identifier> 8 3-15 66 10-6
9 3-17 6e 10~-10
12 4-4 53s 11-14
13 4-9 54s 11-14
) 14 4-12 77 11-33
15 4-13 47s . 11-32
lds 1)~16 .
135 11-22 <number> 13 4-9
15 4-13
<labecl> 2 3-4 14 4-18
3 3-6 [1e} [4-213)
4 3-8 25 6-6
5 3-10 €3 9-2
6 3-11 64 9-3
10 3-19 €5 16-3
18] [4-23) 6¢ 1o-6
38 €-23 ce 10-10
45 7-3 165 11-19
45 9.5 13s 11-22
“ 47 7-9
<procesn-event name 7 68
. o 37 €-22
<template nane> 17 4-19
<texi» 12 4--4
i 12.1 4-¢
R =
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A.2 SYNTAXN DIAGRAM CRCHES RETLRANCES

The following table shows where non-primitive syntactical
terms are defined and referenced.

NOTES:
1. Terms are listed in alphabetical order.

2. <radix> is iacluded even though it has no syntactical
diagram, because for the purposes of the 3Specification
it was not recarded as a primitive. Its definition is

' included in the Semantic Rules accompanying the syntax
‘ diagrams wheire it is referred to.

3. ©Note that an "s" suffix identifies a meodified systems
Language Diagram.

A-2
®
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Syntactical perired in | )
Definiticn - Refercnces
Diagram | Sectlon | Page
<arith conversion> 29 ¢ 6-27 25,25s
<arith exp> 24 6 6-3 15,17,1€,22,23,25,2G,32
53,54,57,60,61,67,68,25
<arith operand> 25 6 6-6 z4,25s
<arith wvar> : 19 5 5-5 20,25,53,54,25s,54s
<array sub> 22 5 5-11 21
<arith inline> 25s 11 11-7 25
<arith % macro> 25s 11 11-7 25
<attributes>:
data 15 4 I 4-13
label - 16 4 4-18 16s
name 16s 11 |11-19 | 44,45
<basic statement>:
assignment 46 7 7-5
name 75 11 11-27 47s
CALL 47 7 7-9 47s
name 47s 11 11-32
CANCEL 58 8 8-9 )
DO...END 49 7 7-14
EXIT 56 7 7-24
FTLE 63 10 10-10 )
GO TO 56 7 7-24
name assign 74 © 11 11-27
null 56 7 7-24 75,76,77,47s
ON ER:ROR 63 9 a-3
A-3

—
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Syntactical Defined in
Definition T e e References
Diagrarn | Scction | Page '
READ 65 10 10-3
READALL 05 10 10-3
REPEAT 56 v T-24
RESET 62 8 8-15
RETURN 48 7 7-12
SCHEDULE 57 8 8--4
‘ SEND ERROR 64 9 9-7
SET 62 8 8-15
SIGNAL 62 8 8-15
TERMINATE 59 8 8-11
UPDATE PRIOKITY 61 8 | 8-14 v
WAIT 60 8 8~12 |
WRITE 66 10 10-6
<bit conversion> 40 6 6-31 27,27s
<bit exp> 26 6 6-7 23,27,33,41,45,52,53,54,27s,54¢
<pit inline> 27s 11 11-8 27
’<bit % macro> 27s 11 11-8 27
<bit operand> 27 6 6-8 26,27s
<bit pseudo-var> 42 6 6-35 20,27,27s
<bit wvar> 19 5 5-5 20,27,27s
<char conversion> 41 6 6;33 22,29s
<char exp> ' 28 6 6-10 | 23,29,34,30,29s
<char opcrand> 29 0 6-11 28,29s
<char var> 19 5 5-5 20,29,295
L B R DR N RO
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Syntactical Defined in
Definition fremme o References
Diagram | Section |Page
<char inline> 29s 11 11-9 29
<char % macro> 29s 11 11-9 29
<closing> 10 3 3-1¢ 2,2,4,5,6,69
<comparison>: 31
arithmetic 32 6 6-15
bit 33 6 6-17
. character 34 6 6-18
structure 35 6 6-19
<ccmpilation> 1 3 3-2
<component sub> 22 5 5~11 21
<compool block> 5 3 3-10 1
<compool header> 7 3 3-14 5,6
<compool template> 6 3 3-11 1
<condition> 30 6 6-13 31,45,52,53,54,54s
name 76 11 11-30
<conditional operand> 31 6 6-14 30
. <declare group> 11 4 4-3 2,3,4,5,6,69
<declare statcrent> 14 4 4-12 11,14s
name 14s 11 11-16
<do statement>: 49,49s
CaSE 51 7 7-16
discrete FOR 53 7 7-19
temporary var 53s -11 11-14
h iterative FOR 54 7 7-21
_ A-5
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Syntactical i Dcfin;; in
Definiticn — References
Diagram | Section |Page

temporary var 54s 11 11-14

simple 50 7 7-15

UNTIL 52 7 7-16

WHILE 52 7 7-17 )
<end statement> 55 7 7-23 49,49s
<event exp> 36 6 6~21 27,57,60
<event operand> 37 ) 6-22 36
<event var> 19 5 5-5 20,27,37,62
<expression> 23 6 6-2 18,Bé,39,40,41,42,46,47,48,66,

68,70

<file exp> 68 10 10-10 68
<function block> 3 3 3-6 1,2,3,4,49,49s
<function headex> S 3 3-17 3,6
<function tcmplate> 6 3 3-11 1
<inline function> 69 11 11-2
<initial list> 18 4 4-20 18
<initialization> 18 4 4-23 15

name 7% 11 11-33 16s
<i/o control> 67 10 10-8 65,66 .
<name> 1l4s 11 11-16
<name refcrence> 75 11 11-30
<normal function> 38 6 6-23 25,27,29,77

name 77 11 11-31
<preccision> 43 6 6-38 1,2,3,4,49,49s
<procecdure block> 3 3 3-6 3,6

A-0
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Syntactical ) 6;fined in -
Definition - -~ - References
Diagran | Section |Page

<procedure hecader> 8 3 3-15 3,6
<procedure template> 6 3 3-11 1
<program block> 2 3 3~4 1
<program header> 7 3 3-14 2
<% macro> 70 11 11-5 25s
typeless % macro 71 11 11-11
<radix> Note 2. 6 40,41
<replace statcment> 12 ' 4 4-4 11

parametric 12.1 4 4-6
<statcment>:

basic 44 7 7-2

IF 45 7 7-3

temporary 72 11 11-13
<structure exp> 29.1 6 6--12
<structure sub> 22 5 5-11 21
<struct inline> 29.1s 11 11-10 29.1
<struct % macro> 29.1 11 11-10 29.1
<structure template> 13 4 4-9 11 ’

name 13= 11 11--22
<structure var> 19 5 55 20,23,35,29,15,29.1
<sub exp> 22 5 5-11 22
<sub name id> 73 11 11-26
<subscript> 21 5 5-8 19,39,40,41,42
<task block> 3 3 3-6 2,49,49s

. -7
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Syntactical Defined in
Definition o ~ rReferences
Diagram | Section | Page

<task header> 7 3 3-14 3
<type spec> 17 4 4-19 9,15,16,69
<update block> 4 3 3-8 2,3,49,69,49s
<update header> 7 3 3-14 4 |
<variable> 20 5 5-5 42,46,47,65,68
‘ <temporary statcwment> 49s 11 11-12 53s,54s
72 11 11-13

(£
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DIAGRAM
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16
16s
17
18
19

20

)

“~

23
24
25
25g

4
Lig

A.3 SYNTAX DIAGRAM LISTING *

TITLE

unit of compilation

PROGR2M block

PROCELURE, FUNCTION and TASX »locks
UPDATE block

COMPOOL block

block templates: PROGRAM, PROCEDURE,
FUNCTION and COMPOOL templates

simple header statement

PROCLDURE header statement

FUNCTION header statemcnt

Closing of block

declare grocup
REPLACE statement
structure template statement

structure template statement/NAME attribute

declare statement
declaration statecment/NAME attribute
data declarative attributes

label declarative attributes

label declarative attributes/PROGRAM~-TASK

type specification

initialization specification

<var>: arithmetic, bit, character,
structure, event variables

variable

subscript construct

component, array, and structurec
subscripts

expression

arithmetic expression

arithmetic operand

arithmetic operand inline function block/
%-1acros

A-9
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=10
3-11
3-14
3-15
3-17
3-19
4~3
44
4-9
11-22
4-12
11-16
4-13
4-18
11-19
11-19
4-23
5-5
5-5
-8
5-11

1

1

= OO Y
1
~Navw o

*Note that an "g" suffix identifics a modified Systens
Language diagram.
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. DIAGRAM #

26
27
27s

28
29
29s

29.1
29.1s

30

31
32
.' 33
34
35

36
37
38
39
40

41
42
43
44
45

46
47
47s
48

@

49s

50

51
52
53
53s

TITLE

bit expression

bit operand

bit operand inline function block/
2-macros

character expression

character oporand

character operand inline function block/
$-macros

structure expres

structure expres
$-rnacros

conditional expression

sion
sion inline function block/

conditional operand
arithwevic comparison
bit comparison
character comparison
structure comparison

event expression

event cperand

normal function

arithnetic conversion function
bit conversion functicn

character conversion function
SUBBIT pseudo-variable
precision specifier

basic statement

IF statement

assignment statement

CALL statement

CALL statement with NAME

RETURN statement

DO, ..END statenent group

DO, ., .EXND statement group/temporary
variable

simple DO statement

DO CASFE statement

DO Wirrn™ and UNTIL statem2nts

discret. DO FOR statement

discrete DO FOR statement/temporary
variable

iterative DO FOR statement

iterative DO FOR statewent/temporary
variable

ERD statement
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DIAGRAM # TITLE PAGE
56- other basic statements: CO TO, "null", 7-24
EXTT and REPDAT statements
57 SCHEDULTY statement 8-4
58 CANCrI, statement 8-9
59 TERMINATE statemantc g8~-11
60 WAIT statemnent 8§-~12
61 UFPDATE PRIORITY statement 8~-14
62 SET, SIGNAL, and RESET statement 8-15
63 ON ERROR statement g-3
64 SEND ERROR statement g-7
65 READ and READALL statements 10-3
‘ 66 WRITE statement 10-6
67 i/o control function : 10-8
68 FILE statementcs . 10-10
69 inline function block 11-2
70 $-macro statement 11-5
71 g-macro call 11-11
72 temporary statement 11-13
73 ' NAME reference 1i-26
74 NAME assign 11-29
75 NAME assignment statement 11-30
76 NAME conditional expression 11-30
77 normal function reference 11-31
79 NAME initialization attrikute 11-33
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B. HAL/S KEYWORDS

The following table of kcywords excludes built-in functions
and $%$-macro names.

ACCESS EXCLUSIVE READ
AFTER EXIT READALL
ALIGNED EXTERNAL RELENTRANT
AND REPEAT
ARRAY FALSE REPLACE
ASSIGN FILE RECET
AT FOR RETURN
AUTOMATIC FUNCTION REMOTE
BIN GO SCALAR
BIT SCHEDULE
BOOLEAN HEX STND
BY SET

IF SIGHAL
CALL IGNORE SINGLE
CANCEL IN SKID
CASE INITIAL STATIC
CAT INTEGER STRUCTURE
CHAR SUBBIT
CHARACTIR LATCHED SYSTEM
CLOSE LINE
COLUMN LOCK TAD
COMPOOL TASK
CONSTANT MATRIX TEMPORARY

TERMINATE

DEC NAME THEN
DECLARE NONHAL TO
DENSE NOT TRUE
DEPENDENT NULIL
DO UNTIL
DOUBLE ocT UPDATE

or'r
ELSE ON VECTOR
END OR
EQUATE WATT 135
ERROR PAGE WHILE
EVENT PRIORITY WRITE
EVERY PROCEOURE

PROGRAEM

B-1
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C. BUILT-IN I'UNCTIONS

HAL/S typically supports the following sct of built-in functions.
Minor variations may arise between implementations.

ARITHMETIC FUNCTIONS

arguments may bz INTEGER or SCALAR types

@ 1in functions with one argument, result type matches
argument type (except as specifically noted)

@ in functions with two arguments, unless specifically ‘14q
specified, result type is scalar if either or both |1
arguments are gcalar; otherwise the result type is i
integer
. ® arrayed arguments cause multiple invocations of

the function, one for cach array element - arrayness
of arrayed arguments must match

Name, Arguments Comments

ABS (o) o |

CETLING (o) smallest integer > o

DIV (c,B) integer division o/8 (argumants

rounded to integers)

FLOOR (a) largest integer < o
MIDVAL(a,B,Y) the value of the argument which
is algebraically betwecn the
. : other two. If two or more argu-

ments are equal, the multiple
value is returned. Result is
always scalar.

MOD (¢, 2) o MOD B

ODD (a) TRUR 1 if o odd | result is

FALSE 0 if « even §  BOGCLEAN
I - —— . . - .
REMAINDER (&, B) signed remainder of integoer di-
vision «/f (argument rounded
to integer)

c-1
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ARITHMETIC FUNCTIONS (CONTINUED)
Name, Arguments Comments
ROUND (u) nearest integral value to o
SIGN (a) . +1 a > 0
-1 a < 0
SIGNUM (u) +1 a > 0
0 a =0
I‘ -1 a < 0
TRUNCATE () largest integer < |a| times
SIGNUM (integex (a))

C-2
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Version IR-G1L
ALGERRAIC FUNCTIONS
e arguments iuy be integer or scaiar types - conversion
to scalar occurs with integer arguments
o result type is always scalar
¢ arrayed arguments cause multiple invocations of the
function, one for each array element
¢ ancular values are supplied or delivered in radians.
Name, Argumants Comments
e g o = S
ARCCOS (o) cos o la] < 1
ARCCOSH (a) cosh—l o a > 1
ARCSTN (a) sin"t o, Jo| <1
ARCSINH (&) sinh_l a
-1 \
-1 < tan ~{(a/B} < 7
ARCTAN2 (o ,B) Proper Quadrant if:
5 = k sin 0
6 =k si }k > 0
B = k cos &
ARCTAN (@) tan b «
ARCTANT (&) tanh™ ! q la] <1
COSs (o) cos o
COST () cosh
o
EXP () e
1L.OG (&) Ztog(D o, a >0
SIN(a) sin o
STINH () sinh «
SQRT () ™ , a > 0
TAN () tan o
— - . a1 oo o . )
THNH (&) tanh «

-
r

3
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VECTOR

--DMA

TRIX FUNCTIONS

arguments

are vector or matrix

types as indicated

[P T AP —

TRACE (@)

sum of dicgonal
nAatrix o

elements of squ

i . » 3 .

e result types are as implied by mathematical operation

e arrayed argumcnts cauvse multiple invocations of the :
function, ¢ne for each array elenent

o §
Name, Arguments Comments '
oy Lol NS T T T T S L I I A A D T L T S S T A ey e e 1
ABVAL (u) length of vector « ;
DET () determinant of squore matrix o f
, INVERSE (o) invercc of nonsingular squara i
. B nakrix o !

are

TRANSPOSE (o)

transpose of matrix o

UNIT (@)

unit vector in same direction
as vector o

INTETRETRICS INCORPORATED « 701 CONCORD AVENUE « CAME
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MISCELLANTEOUS PFPUNITI

[ONS

e oy £ ML VR A

¢ argunments are as indicuted; 1f none are indicated
the function has no arguments
e result type is as indicated
. e e
Ndme, esult Type Comrents

scalar

CLOCKTINE

PAOAY e iveehepimohaiiiuayi

4

roeturns of day

DATE integer returns date (implementation
crendent format)

ERRGRP integer returns croup number of last
ervor detected, or zero

ERRNUM integer returns number of last error
detected, or zero

PRIO integer returns priority of process
calling function

RANDOM scalar returns random number from
rectangular distribution over
range 0-1

RANDOMG scalar returns randcm numbcecr from
Gaussian distribution mean
Zero, variance one.

RUNTIHME scalar returns Real Time Exccutive
clock time (Section 8.)

NEXTIME scalar <label> is the name of

(<].ctl)el>)

——

a pro-
The value re-
termined as follows:

gram oxr task.
turned is de

a) If the specified process was
scheduled with the REPEAT
EVERY oxtion and has begun
at least onc cycle of execu~
tion, then the value is the
time the next cvile will
begin.

If the spocified process
scheduled with the IN or
phrase, and has not yet

execution, then the
it owill

wag
AT

begur
value is

FRICS INCORPORATED -

701 CONCORD A

the time begin exnecu-
tion.
c) Otherwj?" the value 15 agual
to the current time (RUN-
TIME funoti
5
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MISCELLANEOUS FUNCTIONS (CONTINUED)

Name, Arguments Result Type Comments

—— RPN

SHL (o, f) Same as o o may be integer or bit
type. B must be integer type.

sult is an integer whose
internal binary representation
is that of o shifted left by

B bit locations. The signed
nature of the integer « 1is
taken into account in an
implementation dependent
manner which depends upon the
number system and word size

of the target computer.

. If ¢« is integer type, the re-
!
i
4

S Rag SRaa R

If o is bit type, the result
is a bit string containing

the value of o shifted left

by B bit locations. a is
treated as an unsigned logical
guantity. The size of the
result is implementation de-
pendent.

e ,

i i Arrayed arguments produce multi-
! ple invocatione of the function,
one for each array element -
arrayness of arrayed arguments
must match.

‘

SHR (a, B) Same as « o may be ipteger or hit type.
B musi be integer type.

Results ere as defined for the
SHL function cxcept that all
shifting ocecvrs to the right.

Arrayved argumints produce
rultiple invocations of the
furction, one for eacn array
elenenrt ~ arrayness of arrayed
arcuments must match.
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CRARACTER FUNCTIONS

¢ first srgument is character type - second arqgunent
is as Jn“'cmfed (any argument lndvcrLo4 as character
type may also be ilnteger or scalar, whereupon conver-

sion to chavacter type is implicitly assumed)
[ result type is as indicated
¢ arrayed arguments produce multiple invocations of
the function, one for each array element — arrayncsses
of arrayed arguments must match

e s 1

Comments

. Name, Arguments Result Type
INDEX (¢, 8) integer R 1s characcer tygc - if trJng ]

appears in string o, index point-
ing to the first character of 8 is
returned: othorwice zero is re-

turned
LENGTH () integer returns length of character
string
. - ) T ST s inteary tvpe - stri e
LJUST (¢, B) character P 1s 1nteger type sprlng‘% 1s
expandad to length £ by padding

on thz right with blanks
B > leangth (q) .

RJIUST (&, ) character “E7ig integer type - string o is
expanded to length 8 by padding
on the left with blanks

. 8 > ](‘ l\{l._h (Ct) _ .
‘ TRIM(w) character leading and trailing blenks are
strippod from 4
C=7

USETTS 02138 « (B17) 681-16.22
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ARRAY IFUNCTIONS

o avguments are n-dimensioral arrays where n is
arbitrary

& argunents arce integer or scalar type

1
® result type matches argument type and 1is !
unarrayed i

Name, Pacrameters Comments

i s 1 g s - o L A e KA T e LY ) oA A S BN St TR L ) 17 v AR MO T s 0

‘ MAY (o) maximun of all elcuments of o

MIN (o) mininum of all elawments of o

PROD (o) product of all elements of u

SUM (o) sum of all elements of !
Brey e o - warrs o !

“' C-8
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SIZE FUNCTION
Name, Argument Commants

SIZE(a)

One of the following must hold:

L TR

e «a is an unsubscripted arrayed
variable with a one-dimension-
al array specification -
function returns length of
array.

¢ «a is an unsubscripted major
structure with a multiple i
copy specification - !
function returns number ox
copies.

@ o« is an unsubscripted
structure terminal with a
one-dimensional avray speci-
fication ~ function returns
length of array.

Result is of integexr type

C-9
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D. STANDARD CONVERSION FORMATS

In relatively limited circumstances HAL/S allows conversion
between scalar, integer, wit and character types. The follow-
ing rules govern such conversions.

CONVERSIONS TO INTEGER TYFPE:

e A bit type is converted to integer type by regarding it
as the bit pattern of a signed integer of the desired
precision (halfword or fuliword) . Left padding with
binary zerocs, OI left truncation may ocCur.

e A scolar type is converted to integer type by rounding
to the ncarest whole number. overflow errors may oOccur

if the absolute valuec oI the scalar type is too large

to be represented as an integer of the desired precision.

e A character type is convertible to integer type only
if its value represents a signed whole number (e.c.
'-604), otherwise an error condition. occvurs. An errcr
condition also occurs 1if the whole number is too large
to be represcnted as an integer of the desired prccision.

LTI T TS WL I

CONVERSIONS TO SCALAR TYPLE

e An integer type is converted directly to scalar form.
Depending on the implementation, and +he precisions,
some decimal places of accuracy may be lost during conver-
sion.

o A bit type is converted to scalar type by first converting
it to double precision integer type according to the rule
previously given, and then applving the integer to scalar
conversion.

iy

¢ A charactecr type is convertible to scalar type only if
its value reprcsents a legal ccalar- or integer-valued
literal (e.g. '=1.5B-7'). 3Sce Section 2.3.3 for details of
arithmetic literals. Other values cause error conditions
to arise.

o

B e ot
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Version IR-61-7

CONVERSIONS 10O BIT TYPh:

¢ A scalar type is first

CONVERSIOQONS TO CHARACTER TYPE:

. ® An integer iype is converted
length. “The value 1s the bit

ceonverted to

the left with binary zerces.

lNWV.“:V'- RICS INCCH PR T0T COnCor oA R

bit string of maximum

to a
attern of the integor.

e

double precision

integer type according to the rule already given, and the
. 1ntege1 to bit conversion rules is then appliad.
@ 4 character type is convertible to bit type only 1if its

value is a string of 'l's and 'G's, and blanks, (but not
all blanks), o>therwise an error condition r;ﬁe% The
result of the conversion is always a maximum lengtn bit

. string, irresvective orf the arciuient tvoe, If tho arguiment

' has more than N bits, where N i the maxinmum sllcwable length

of a bit operand, then ounly thne N ricght-nost are used. 7T
the argument has Zewer than N bits, the string 1is pacded on

I’J
; e 2An integer type is convertea to the representauion
addd (positive)
T -addd (ncgative)
37 p
i where dddd revnresents an arbitrary number of decimal
! digits. Leading zeroes are suppressed yvielding a variable
length result.
e A scalar type is converted to the represcntation
f Ba.dadde=dad (positive)
-3d.ddddE=ad (negative)
7 (except scalar 0 is converted to 0.0).
The number oF doc1 digits d in the fractional part and
exponent are ple.. taticon and precision dependent. The
digit to thb le_L of the decinal point is non-zero. There
: arce no imbeddsed blanks. Leading zercs in the exponent are
not suppressed. The representation includes a leacding
blan¥k (}) if the scalar is positive. In all cases, the result
: is fixed in lengtin.

© A bit type is converted to a character string of 'l's and
'0's correspe “dluu 0o the binary reprcsentuetion of the bhit
string argument.

. [N I8 o )
SRINGE LAY

WASSACHU LTS 02138 - {617






E. STANDARD EXTERNAL FORMATS

Corresponding to each data type there exists a "standard
external format" for the representation of its values on
sequential I/0 files. In any implementation the standard
external formal on output is fixed; on input the user has

a certain flexibility in the format he can use.

OUTPUT FORMATS

1. Integer Tvpe:

e The value of an integer is rcpresented by a
string of decimal digits, prcceded if it is negative
by a - sign. Leading zeroes are suppressed.

e The string of digits is right justified in a field

of fixed width. The width depends on the inplemen-
tation, and on the precision of the integer.

2. Scalar Type:

@ If the value of a scalar is positive it is represented
by

¥d.dddaddartad

where d represents a decimal digit. One non-zero
digit appears before the decimal point. The nunbers
of digits in the fractional part and exponent are
fixed, and depend on the implementation and the
precision of the scalar. Leading zeroes in the
exponent are not suppressed. The representation
includes a leading blank (¥8).

e A neqgative value has the same form except that a - sign
precedes the first decimal digit.

o If the valuc is exactly zero, it is represented as
0.0.

© The representation of a scalar is contained in a field
of fixed width. The width is dependent on the imple-
mentation and the precision of the scalar. Justifica-
tion is such that the decimal point occupies a fixead,
precision dopendent position in the field.

E-1
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3. Bit Type (including BOOLLAN}) :

®© There arc two diffcrent representations of values of
bit variables.

o The first representation consists of a string of
binary digits corresponding t©o the bit varisble. Lead-
ing binary zeros arce not suppressed. The field width
is equal tc the number of binary digits in the string
plus an inserted blank following every fourth digit
(to enhance readability). This forin is not compatible
with the READ input (see Scction 10.1.1).

© In the alternate representation, the string of binary
digits plus inserted blanks i3 enclosed in the avostro-
phes. The field width is egvral to the total of the
nurber of digits, blanks and two apostrophes.

4. Character Typec:

@ There are two different representations of values
of character variables.

e The first representation merely consists of the
string of characters comprising the valuc. The
field width is equal to the number of characters
in the string. This representation is not compatible
with READ input (sec Section 10.1.1).

@ 1In the alternate representation, the string of
characters is enclosed in apostrophes, and all
internal apostrophes are converted to apostrophec
pairs. The field width is equal to the total number
of characters in the string, including added
apostrophes,

NOTE: The two alternate representations for bit and character
types occur on paged and unpaged output respectively.

INPUT FORMATS

Scalar and Inteqer Types:

¢ There are two basic representations, whole-number
and floating-pcint.

¢ The whole nuwber representation consists of a string
of decinal digits preceded by an optional - sign. The
maximum nunboer of digite allowed is implemsntation
dependent. Conversion to mantissa-exponent form takes
place for scalar types.

B2
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e The floating-point representation is either

ddd .dddd
E
or adddd.dddd (B ; *da
H

where d is a decimal digit. Any number of digits
is allowed in the mantissa to an implementaticn
dependent maximum. The decimal point may appear in
. any position. I,B, and H represent the exponent
. digits to be powers of 10,2 and 16 respectively.
A cheoice of one is indicated. The maximum nwiber of
digits in the exponent is implementation dependent.
For bit and integer types, the represcntation is
rounded to the nearest integral value. For bit
types the binary representation of the result is
taken.
® The floating=~point representation may be prefixed

by + or - signs to indicate the sign of the value.
Without such prefix the value is positive.

2. Character Tvpe:

e The representation of character type is a string
of characcters from the HAL/S exteénded set enclosed
in apostrophes. The number of characters may vary
between zero (a "null string”") and an implementation
'. dependent maximum. Within the string apostrophes
must be represented by an apostrophe pair.

o The representation of bit type is a string of 'l's and
'0's enclosed in apostrophes. Imbedded blanks ar
ignored. The number of digits may vary between o

an implementation maxirum.

o 0

e and

o]

E-3
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F. COMPILE-TIME COMPUTATIONS

References are made in the text to expressicns which must be
computable at compile time. In particular the following
constructs make use of then:

® declaration of dimensions;
e initialization;
¢ Subscripting.
‘ Subsets of arithmetic, bit, and chagacte:__‘ exXpressions are
guaranteed to be computable at compile time.
ARITHMETIC EXPRESSIONS (sec Section 6.1.1)

1. <arith exp>s of integer and scalar type only can be
computable at compile time.

2. The operators of such <arith exp>s are limited to:

-+

<> (multiply)
/

* %

. 3. The <arith operand>s o¢f such <arith exp>s may either be
<number>s or unarraycd unsubscripted simple variablesl
of integer or scalar type. Such variables nust previously
have been declared, and initialized using the CONSTANT form.

1 .
sce Section 4.5

P2
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4. The following built-in functions are also legal:

SIN EXP DATE
COSs LOG CLOCKTINE
TAN SQRT

DATE and CLOCKTIME are only computed at compile time if
they appear in an <initialization> construct.

BIT EXPRESSIONS. (see Section 6.1.2)

1. The operators which may appear in <bit exp>s computable
at compile time are:

&

2. The <bit operand>s of such <bit exp>s must be either
<bit literal>s or unarrayed unsubscripted simple variables
of bit type. Such variables must previously havze been
declared, and initialized using the CONSTANT form.

CHARACTER EXPRESSIONS (see Scection 6.1.3)

1. The catenation operator (l ) only may appear in <char exp>s

computable at compile time.

2. The <char operand>s of such <char exp>s must be either
<char literal>s, <arith exp>s computable at compile time,
or unarrayed unsubscripted simple variables of character
type. Such variables must previously have been declared,
and initialized using the CONSTANT form.

In some implementations, additional forms may also be computed
at compile time. They will not, however, be regarded as legal
in contexts where compile time computability is enforced
semantically.

F-2
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G. WORKING GRAMMAR

Following is the Release 360-14, FC~10 versicn of the
HAL/S working grammar, written in standard ENF notation.

Edited Grammar

1 COCMDTLATIOND 1= <COMPILET LIST> _|_

2 <COMPTL® LIST> :1:= <RLOCK PEFINITIOND
3 | <COMDPIL™ LIST> <BLACK DFFINTTIOND
- b <APITH FYP> t:i= KTEDHD

. 5 |+ <TEIM>

A | = <Tone>

7 | <AOTTH TXP> + <TLEU>

3 | <ARITH =XP> - <TTP¥E> .

A  <TEEU> 1:= <PPODICT

13 | <DPTOTECT> /7 KTEEMD

M <PFODUCTD> = LFICTORD>

12 | <TICTOT> x LMEODICTH
13 | <FICTCP> ., KPEODUCTS
14 { <FLCTQR> LpRODOCT>

15 KFACTCE> = <PPIMARYS
16 | <PPIMAFPY> <%x> {FACTORD>

17 x> 0= * %k

1R <PRT PRINMATVY> ::= ( <AFITH TYP> )
19 t <NIMRBRERD>

23 |. <COMTONIND NUMBZP>

21 CARITH FWIC HEADD> @

o - |

23 <ARITH COYFVD> :1:= TINTESGWR

<RRITH VHNCD
CLPTITH COUV> LSUBSCEIPTY

24 | SCALAP
25 | VFCTOF
26 | MATO®TX

27 KPTIYITY> 1= LATITH VAR

<rRITH FNNC E2AD> ( <CRLL LIST> )

2n KPRV TIIMAPY> 1=
29 KPFTMATY> 1= L¥CPIFTST AT ITR FIONCD . .
39 | <FITH TNLTYT DRF> KELOCK EODY> LCLOSTRG> 3
31 | <F}PZ PRIMADYD
32 | <VIT DEIMATYD> JQUALITITTD
33 COTHTR STATFMENT> 1= NN THERAEDY JETATININTD
34 | <I% STATTATNTY
) 3s | <LA3TL NRTINITIAND JCTHRR STATIMTET)

G-1
INTERMETRICS INCORPORATED - 701 CONCORD AVENUE - CAMBRIDGE, MASSACHUSETTS 02138 - (6817) 651-1840




Version IR--61-7

yh

L6
u7
us
ya
56
51

80
a1

32
93
au
35
36
87
RS
39

’\I.E:RN

RN

CETATENTNTS rm (RASTC STALTHTNTS
| <OmEER STATEMRNT>

CANY STATIMTNTD> 11 CETRTEMENTD

CRLSTC STATHMENTY i
CRERTENATNTD
YT o
EXTT <LARTIL>
PepIyT
CEORRT CIRFET>
¢ MO <LARTI> ;

<CALL KTY>

<CALL XTY> ( LC
<CALL K¥Y> <ASS
<CRLI, KTY> ( LC

TETNTN

BTN (PYDPERSS

| <PUATK DERILTTINND

.

ALL 1LYS™
16> (<
ALL 1157

TON>

CIARFL DNPPINTTION> RASLIC STAT

>

>

<N GEDUD HFEAD> LENDINGD

<PTAD KEY>
<2TAN PUHFASTY>
<UYDITE KTY> g

CWPT™® PHTAST>

CTILT TYXP> = LTYDETSSIOND>

CHAI™ KTV> TOR
CHIATT KTY> KATT
CHAIT KTY> UNTI
<YALTIT KTY> FOR

CTEEMINATOTY>

KTIEMINATOR> KT
YOPUATE PTINPTUY
NPT ATE PPIATITY
<SCEFNNLY PHEAS

KSCH™PHLY DRUARGTH LSCHEDIJLT

<STGNAL CLAUSE>
SPND ELRRCP? LS1R
<OM CTANET>

0N CLAUSF> RND

|
|
{
|
|
|
[
|
{
|
|
|
!
{
|
|
]
|
i
{ CTAFTABLT> = <7
|
|
|
|
|
|
I
|
{
|
{
|
i
|
|
| <% EAC®O Nav>
| <% ¥ACPRO HEMDD

<% MACTC HFPAD> 1@ TOMACTO NAPTD> |

= <

| €% FACDO HETIN> W
<% MACTO APG> 1: AMT VRO
SCONSTANTD

<PIT yrO>

<1337 VAT

KFVENT vae>

CEIT CINaTY

( €aTT "> )
CPONTTT™N F77 2HNC>
CPIT INTTM? PI7N Lproc

CENPEIT MI2 > LTVIETSS

<BRIT PRIK> t:

— e aam n v — e )

G-2

TLT TXDP>
DTEPTNDEN
TH FXP>
L <ERIMH

Al
T .
- .

TYP>

<BIT EXP> ;

FPMINATF
™o <API
<LABEL

=>

*
SCRIPT>

LIST>

T TXP>

P

HENT>

.
.

)
SALL ASS3TAY
) <ASSIGHD

L

TST> ) s
{ <CALT ASSIGY

VAF> TC <AVTTITH ¥XP> 3

<SINYMAL CLAUSED>
cTY ChEOT LSUASCIINTY

;
<% MACRO ARGC> )

MAC®N ATGS> ,

YR OaNYS> LTLATTHGED

TN )
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90 | <RI™ FONC HRAD> ( {CAVL LISTS> )

a1 <BIT FINNC HFADD> 2= <BTT FUNCD>
a2 . | K7™ <S0B 3T OUALIL=RTITED>
A1 CRIT CATY ::= <RYT PRTM>
ay | <BTT CIT> KCAT> <BIT PRIMS
B | <KNCT> RIT 21>
an | <BIT CAT> <CA™> <NOT> <RIT DRIN>
97  <KBIT FRCTOT> 1= BT CATD
ag | <BIT TACTOR> <AND> <RIT CAT>
Q9 (RTT FVP> ::1= <BIT TACTOD :
106 | <BI™ TYE> <CP> <ATT FACTORD
191 <RFLATICNAL OP> ::= =
102 | <NoT> =
102 | < .
10n P>
' 195 | < =

o 17 S
177 | <NOT> < .
18 | <vor> > :

101 <COMPLPISOND> t:= <APTITH TYDP> (RILATIGCHMAL OD> <ARIT™H FXP>

110 | <CHA® FYT> LEPRLATIQOVAL £2)> JCHAR TXPD>

111 | <BIT CAT> <RILATIONAL ODP> <PIT CATD>

112 | <STrUCTUrT TXP> JFFLATICNAL 0P> LSTPRCTURE TXP>
113 { <NAME FXP> KPFLATIZNAL C2> <YAME EYXP>

114. <PTLATICNAL FACTOR> ::= KPEI PRINMD>

115 -V KFTELATIONAL TACTCR> <ANDD> <E¥L PRIYW

116 <RELATICRAL EYP> t:= (RTLATIONAL FACTOR> .

717 . | <PTLATIONAL EXP> <02> KRELATIOCHAL FACTOR>

118 <KRFL PFIM> t:= ( <PYLATTIONAL FYP> )
119 { <POT> ( <RTLATICNAL FYXDPD> )
120 | <CCMPARISOND

121 <CHAR PPIND> :: <CHLP VARD>

122 { <CHAP CONST>
123 | <MOTTTi=n CHAT® TUNCS
. 124 | <CHXP TNLTINE DEFD> LRBLOCK BODY> KCLOSINGY>
125 | <CHA® ¥O3C H=ADD> ( <CALL LIST> )
126 | ( <CHA® ZXP> )

127 <CHAR TOUNC BID> 1= JCHAR FUNCH

1298 { CHARACT®R <SUEB DR QUALITISRD
123 <SUB 0T QUALIFIVP> ::= LSURSCRIP >

139 { <RT™ OURLI®TIER>

131 <CHAR TYP> :1:= <CHAF DmTIM>

132 | <CHAT VD> LCAT> LCHER PRIV

133 | <CHRE TXD> CCATY LPETTY DYDD

134 [ C2PTTH TYOS LCA7T> (2T YTTH TYPDS

13 | <CX7I7H “YP> <TAT> CCHAT DETY>

G-3
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%)

141
142

143
iul
1us

AN
147

150
151

157
158

1549
160

161
1

163
‘l’ 164
155
166
167

169
170
171
172
173
174

.17%
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‘l’ 144 .
119

CPSSIGAMTMT> 11 <VAPTARL®Y> < -1> mypvescIoud>
{ <VRAPTARLEY> , <ASSTGHMFPHT>

KTZ STRTTMENTY 1= LTF CLAIS™D JGTATIMNWNTD
{ <T2RA5 PART> JSTATTUVNT>

KTRIPT FARTY> piw= LI CLAYST> KRASTC STATIMTYTYS TLST

<T™> LEFLATTANAL T¥h> mHEN

<IF CTLAUSFED =
| <I¥> <PTT “XP> THFNR

<I=> :1:= IV

<NO GEDUD HEADD

EANE

o 0" 1LICT>
DO KPOR LTOT> Y
DO CAHILT CLAUS >

|

f TIR CLAUST> o
| H
[ DOOTAST CATIUH XD
| ,
!

!

CXST =T 0F> JETHRTTHITITY
PO GTOND HTUANY LANNY O STATTMENTD
<DE GTCUP HTRD> LTYMTOTIFY STMT>

<CASZ FLSF> ¢:= PO CASE <RRIT™YH ZYP> ; FLS¥®

CWHTTIY KTY> ::= WHILE
{ UNTIL

KWHTTLT CIRYSTD> 1= KWHILZ ¥TY> <RIT EBYXP>
| <WHILE®E KF¥Y> <RELATICNAL 2YXP>

<TOR LIST> 3= KFC2 KOY> LRAPTINP SYED> CITYSATICYN CONTFEOL>
| <FO2 KFY> LITTFRATIOYN BNODY>

KITERATICY BODY> ::= <2RITH EXP>
ITEZATION RODY> , <2®ITH TXP>
KITEPRATICN CONTPOL> ::= T0Q <ARITH TXD>

[ TC <ARITH WYP> BY <API™H FPY P>
<¥CT KFIYD> 1= FOY LATTTH VARD> =

| FOP TEMPORARY JIPENTIFISRY> =
<IRNIRG> 1= TND

| 2¥) <LXBIL>

| <IAE®L DEFTNITIDVD LFNODINGD

<ON PRTASIE> ::= GXN TFROR FUASCRIPT

<CN CLANSY> 2 2 LEURSCTIPTY> SYSTRY

= Y% FrEO
| OF FTERCR <SUBSCRIPT> IGNOPE
<STGNAL CLAUSE> :i= §0T CEVINT ViR

| BESTT KTVTNT YA

| STGMAL <UVIYT VAR

<FILT TXF> 9= LTILT HEADD> , <*FITH TYR> )

<FILYE FEADD = FILE ( CNpMPEID

G-4
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176

177
178

179
190

191
182
133
190
185

186
187
128
199

199

191
192

103
194
105
196
197
198
199

2006
201
292
203
204
235

206
207
208

INTERMETRICS

{CALLL KEZY> -1:=

<CALL 1IS™> 1@

<CALL ASSIGHN LY

<STRNUCTHDT Tyo>

<STUICT FUNC BE

<KLIS™ FXTD> s:=
l

<VAFTABLYY> ::=
|
|
1
|
{
!

<HAM®™ VAR> 1t

CRAMT FXP> 1:=
|
|
<NAMT KWY> ::=
KLABTL VAR> 1:=

<MADTTIID AN ITH

CHDDIPITT BIT™ F

KFOLRIFIED CHAR

CMTDIFIFT STINC
STEUSTHueY yyAn>

<RZITH VAP» =

Versinn I1R=-61-7

CRLL <LXB3"L VARD>
<LTIST TND>
<CALL LIS™> , <LIST ByYp>

ST> t:% <KUYATTIABLED
| <CALL ASSIGE LTST> , <VAPRTARLE>
= ATTTH TXD>
| <BTT EYR>
| <CHAR TXP>
| <SmrucTnET oTYp>
| <HAMT TXR>
11w <STRUCTORT VAR
CHONTFPITD §UTECT TOMe>

!
| <STTIC TNLINT
|

NET> KBLOCK BONY> KCLOSINGDY
<STRUCT FUNC HEADD> ( <CALL LIST> )
AD> 1= KSTRUCT PUNC> )
<EYDPTRSINND>
<KRITH FXP> & <EYPRFSSIOND>
CRRITH vaR>
<STRUCTUPS VARD
<KPIT VAr>
KFVENT Vi%>

KSUEBRIT HZAT> KVARTABLEY> )
<CHRAP Vie>
CNAME KFY> ( <NAMTY VARD> )

<VARIARLED

<LABXL Vi=>

<MODITTYD ERRPITH. FORC>
<FCOITIYD BTT FONCD
<CHODIFIID CHAR FUNC>
<MODITITD STRUCT ¥FUNC>

<HAME KUY> ( <RAME VARD> )
NULL
<NAME K®Y> ( NULL )

NEM®

<PREFIX> <LABEL> <SUBSCRIPT>

FUNC> 1= (PRIFIY> <ND APG AT ITH TUNC> <SM3ISCRIPT>

UNC> 1= LPRTTIV> <KD ARG BIT TINCY <LSURSCHIPT

FUMC> 1= <PRFFIX> <NO ARG CHAR FUNT> <SURSCUIPT>

TOFRNMNCY> ris LPRYIIYZ KNO RRA OSTRUCT TUNCH> <(SUBSCRIDT

1= <ONUNL STENCT> (SIPBRSCIIvE>

<CPREFIY> <APITH 1> <SURSCRIPT>
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230

231
232
233
234
235

236
237

228
230
200
2041

2u3
244 -

2u5
®

2u7

)N
[SI )
noE

256

INTCHMETRICS INCORPORATED - 701 CONCORD AVENUE » CAMBRIDGE, MASSACHUSETTS 02108 « (617) 6

CCHAR VARD> 1= JPREFINY> LCHAR ID> <SURSCRIPTS

<RTIT Y27> 117 LPFUFTIND KBIT IN> LSURSCHTIPT

KEYWHNT O VIDP> ¢

= LPREFTAD> L7V ad™ IND LSUBSCRIPTD>
KCUAL STRUC™> 1

= LGTIUCTHRE IND>
1 <QUAT

STIHCTY> L, LSTrUTTHRE ID>
KPRETTY> 1=
| <OQUAT, STTUCT>

<SUBRAIT™ ERAD> ::= LSUBBIT KEY> LSURSCRIPT>

<SUBRIT KWYD> i SURBIT

CSUBSCRTR™> 1= <SUD HTAND )
{ <QUILTFIZC>
| <> <Nnwgtry
l
|

<E> <ATITH VAR>

<SUR STAPT> s:= <> (
| <§> ( A <Prrve ogree> |,
{ <SUR HEAD> 3
{ <oap 9TAn> .
| <SUP KETAD> ,

<SUB RZAD> 1= L£I'3 START>

| <SUB STAFT> LSHR>

<SU8%> ::= <S0UB BYXP>

| %

| <SUp PUN HEAIN> {SUR FXDP>

| <ARITH FXF> 27T <SUB FYXP>
<sUn ®ON BFADN> ::= JSUR EXP> TO
<SY3 IVT> = LAXTTTH VXD

{ <# EXDRYSSTOND
<B TYXTITEIREICN> 1

= #
| <& EXDRTSSICND> + TFREM>
{ <# FXPLITSSTOND> - LTT2N>

A
L3
v
)
i
©“

~
)

1-1

o)
A

B

O
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257 ) | CAT
25R CQUALT®IFP2> t+= <8> ( & <PRYC SEECY> )
259 <BTIT OMALIFITRY :1:= <$> { 2 <VADIX> )
260 <RADIXD> +:= HEYX
261 | OCT
262 | iy
263 { D2C
264 <BIT CCNST HFAND 22 <PRDIXD
265 [ <PADIX> { <KUKEBER> )
266 <BIT CCNST> :2:= <PIT CCNST H™AT> <CHEP STRINGS
267 | TRUE
268 { FALSE
269 | CH
27¢C | COFP
‘ 271 <CHAT CCNSTY> 1= <(CHa® STRING>
272 | CHME ( <NUOMBRF> ) <CHAR STRINGD>
273 <IO CONTFCI> ::= SKTP { <APIT™H ®XP> }
274 | TAR ( <ATTTH OEXPD> i
275 | COTUMN ( <IRITH EXP> )
276 | LINT ( <aATI7p EXDP> )
277 { PAGY ( <R®ITH EXP> )
278 <FITAD PHPASEY 1= LF¥3N KTY> <TERYD ARG
279 | <F¥KD PHRAST> , <READ BRG>
230 CEFIT™ PHPLSYS> g1z <WPTTHT KIY> <HRITY ARGD
281 | <URTTT PHRRGTD KHRITY roay
282 <PFATL AEGY> t:= VARPTIZRIUD
233 { <Y0 CONTPOLD
234 <HRTTF REGY 1= <FYFRPSSIOND
295 ’ | <IN CCXTRCL>
276 <READ KZY> :tt= READ ( <NUMRTRD> )
. 237 I RFADILL ( <Nu¥BYe> }
28R <HRITEF XTYD> ::= WpITw ( <H”HRVF>]
229 <BLOTY D VINT IZNY so= <BL?CK K7™ KRBRLACY BONY> <CLOSTMGY> ¢
29" <BLOCK ®OrY> 1=
PR | <D@CIART nrRoup>
202 | <BLCTK ROVY> <rNY STATTRENT>
293 KARITH IMLINE DOYY> :e.= PONSTIN KATITH SPRC> H
29y { ¥INCTIOYN
PSR <RTI™ THMLIHN™ DTE> ez FUNCTION <317 Spre> H
a6 KCHA™ TNV TN Nne?d s TANCTION <CHAR SPRCH H

(617)
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297 <STETIC INLIN® UOF> 11 VOuCTINN STRUCT SORCY

2938 <BLOCK STMT> := <BTOTK ST TCP>

299 <HLOCK STMT TANY r::i KRLOCK STMT TOD> ACCESS
3 | <PLHCY gTvT o meny L1510

201 | <RLOCT 87T OUPAN>

302 | <ELDCY ST [i7An> TXCLISTVE
333 | <ELOCE STWY ITAD> RETNTRANT

il <YARTL DITVINITTOE> o LMRTL> @

325 <LEBFL ZXT"ENAL> 1= LLABYL DRTIVITIOND
306 | <EABYYL DARTINITIOND> TXTTRYNAL

3)7 <RLOCY ST HTAN>
08
320

: 319

"’ 311 .

112
313
14
315

.s
.

KLADTT "Y¥TTUMATS DPEOGOAM
CLARTL CYTERUALY CONPOAL

CLADTL NEUINTTIAN> 7A5K

CLAREL MNEFIATLUCON> HEDAD®

PNt

CWHNTTITAN NAMYD

KFANCT TN NWYTS LTHNC SN O BODYY>
LO2NCRTHRDT OHANED> -

UEHCADUET NAMT> PROC STHYT ROMYD

—— o — e — )

316 <FUNCTICN Ma47> se= LABEL FEXTHFERNRALY> “UNCTION
317 KEZQCTIATT RAMT> = VYABYL SXTTINALY> FRNCTDIRE
CFARAMETER LIST>

<TYRE SPRCH
CPARAMFTED LIST> LTYPE SPHC>

218 <FUNC STHT BONY> @

~
-t
Nel
—— ]

321 <PROC STHT BOANY>

.«
.

<PAPAHMETER LIST>
<ESSTAN LIST>
<PREAMETEDP LISI> <ASSIGH LIST>

(N}

N

N
[p—

24 <PATAMTTITE LIST>

‘e
.
]

CPARAMET®R HVADY> JIPUNTITIOON )
325 <PAFAMETEE HEAN> :1:= o -
| <TARAMITTP HTAD> LIMINTIZTER> ,

‘ 227 CASSIGN LIST> :1:= <KASSIGN> <PARAMTTRR LIST>

329 KDICLERT ZTLEMAUTD> = KNTCLAPE STATEVYTNTY
CRTDLACE STHT>

<eT2HCTNRT 87T
TOUATE IXTEENAL KIDINTIRITED> TO VAT TARLED

(%]

[V8)

—
—— - ]

333 <RYPLACS SIHI> 1=

-~

FPLACL J<EWPLACTE HEADD> BY <{TEXT>

334 KRPTDLACT BFADD sz LTYIENTIFOITRD
3= | KTNENTIRITTL { <A2G LIS )

336 <ARG LTIST> rim LTRTRWTETERS
237 b <22G LIS™> , KTNENTITIOR)
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Wy

345
346

un

348
9
359

368
369

370
371
372

273
7Y
ERE
376
277

IPR~€1~7

Vernsion

<TFMFO°A§Y STHMT> ::= TUYHTORARY <NDFCLARF BODY>

CTECLART STATIMINT>

«nrTeranz

<MICLAFATICN Y IGT> @

<DCL LTST >

KTECLETE GFONDY> o

<STRUCT STMT

<STROCT

BODY> =

. . o=

<STRUCTURE STHY> si1= SIRNCTHRY LSTRUYCT STHT

HYATD> @

STMT TATL> 5=

se= NDHECLARTY LDFCLRAL® S0DY>
LTET>
<DNCLEPATICH

CPTCT AT IO
| <ATTRIBUTHS>

LIST>

= NFCLATATTIOND

| <pCr ris® > LDFCLARATIOND
{DTCLARATION LIST> ,

ATE TLENTNTS

L RE GPOYP> KDECLARE ELBHINT>

HFAD> <STIUCT STHT TAIL>
= CTPFNTTIFPITR> : <LTYVYELD

| SIDFNTIFTIER> <MINOX ATTR LIST:
‘ 2

> ¢ LLEVEL>
<CSTEUCT STAT HPA™DS D¥CLARATICOUD> ,

<LTVEL>

CDECLAPATIOND>

<STRUCT SPEC> ::1= <STPUCT TMFMPLATED> <STRUICT SPTC BODY>
<STRINCT SPrc¢ BODY> = - STFUCTURY

| <ST?UC™ SPTC HFEAD> <LITERAL T¥DP OR => )
<{STRUCT SPPC HEAD> ::= - STPUHCTURE (
<KNECLARATICND> 1= JNRMME IDD

<RNAYMT ID>

<ATTRYBUTES>

<ATR2AY SPTC>

" <ATFAY REEDD

<TYP® F MINOE

<TypE

SPIC> ot

| <HEME ID> <ATTRIRUTESS
LITFNTITITRS
CIDFNTIPTIER> NAME

= KAFPAY SEYC> (TYPF & MINOR RTTRD
| <AFRRAY SPRC>
| <TYPT E MINOP ATTPD>

<EeFAY
FU¥CTION

= H¥an> <LITFRAL
|
| FFCCITNRE
!
|

TYP 0P %> )

PECGRAM
TASK

ARRAY

| <AEFAY HTAD> LLITERAL TYXP 0P *> ,

ETTP> 1:= <TYPE SPFCD
| <TYPF SPEC> <MINOP ATTR LIST>
] <¥TND® ATTP LYST>
t= ETPUCT SLECH
| <P1T SEETO>
{ <CHI'P SPaC>
| <RETTH 50YC>
| FvouT

G~9
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37A <RI7T STFC> ::= TCOLTAN
371a | BIT ( <UI™v &AL FYXP OR %> )
30 CCHAT SPEC> ::= CHARACT®R ( CLITVRAL XU OR "D, )
291 AT TTH SPYC> rix LPETC SPTO>
Q2 | <3¢ DQ NAMTD
383 ] <859 DO NANTD> JPREC SDPUCH
2RY <SQ TC NAMT> = <NOURTY GUAL HAMT HUAD> LLITEREL RXD QR %> )
385 | INTEG™R
386 | SCALAY
337 { VECTOR
239 | MATRIX
89 <DCURLY OUAL KAME HEADD> = VRCTOPR (
390 | %AT?IX (_ <LIT=2AL TYp CR *> ,
391 KIIPTFAL TX® 2% *> t:= LAFTTH TYPD>
‘l' 292 ’ | *
293 <KPRTC SPEC> ::= SINGLW
g9y | EOURLE

CAINDT ATTE LISTD

e TN
<MINOPR

ATTE TR
ATTP LIST> <MINOR

)
O
[oAN)]

-

ATTRIBOTE>

297 <4TINOF ATTTIBUTI> 1:= STATIC

298 : | AUTOMATIC

399 | PENSS

ud0 | ALTGNED

Lo | BCCTSS

692 | 1D0CK ( <LITPEAL TXD OR *> )

un2 | PUNOTE

6oy | FIGTD

405 | <INIT/CONST HUAND <REPFATED CONSTANTD> )

46 | <TYIT/CONST HOATY> * )

uey | TATCHFD

nng | EONHAL ( <IEVRLD> )

879 KTNIT/CCNST H7AO> t:= TNITTAL (

g1a | CONSTANT (

511 | <INIT/CONST HPADY> CPIDFATED CONSTANTS
. 612  <REPZATED CONSTANT> :1:= UYDPRUSSTON>

u13 | <TTUTAT OPTERS YRS TARLTY

u1y | <SRPTA™ HTAN> JCONSTANT

416 | <¥TSTTR PTDPEAT [HEAD> CREDPFTATED CONSTANTD )

L16 f <ETDPTA™ HTRD>

417 <REPEAT HEADD ::= <ARITH LYp> #

£13  KNTSTED PEPEAT VAN 1 0> .

u14 ST UHTAD> KPEDERTID CONSTARNTS

G20 <CCONSTIANTY rim (NDMETRD

421 1
122 |
123 |

LCOMTOAND NUMEEDD
<PIT oM
LCHRT CONZRT™>

C~10
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HNHMBED >

B2 CNIMRER> ez {SIMPLF
4?2 | <nLEvVEL>
524  <CLOSTNGD t:= CLCS®

427 | CLOS® <LMBTL>
| <LLBTL DUTINITIOND LCLASTING>

u20  CTTRATNATOR> 1= TREMINATE

43 | CAXCFY

431 CTERWINATE LIST> :1:= (LARTL VAP :

432 | <mIeMTNATT LIST> , <LARTL VATD

u33 <WATT KTY> = WAIT

‘ 434 <SCHTDULE HEAD> 1= SCHTDULE <TREEL OVARD
435 | <3CHTDNLT R7TAD> AT <APITH TYP>
u3l6 | <SCHEDNULT HEAND TN <ATITH TYP>
37 | <SCHTLNLY HFAD> OM LRIT TXP>

u3g CSCHINOLE PHRASE> v LSCHTDULY H¥ADD>
u33 | <SCHTTULT HTREDY PR IR ITY ( KATITH YXT> )

Lty { <3CETDULT PHFASE DLPUNDENT

41 <SCHFNNLT CCNTEOL> :::= STNDRTUGY
Ly 2 | <TINTEG
LL3 | <TIMING> <STODPPING>

uny CPTMINGY s:= <FPEFPAT> TYETY LAUITH FYDS
Lus 1 <PEDFAT> AFTER <A 'UH eXP>
4us | <FREFLT>

uu7 KREPEAT> :$:= , REPEAT

uns <STOEDTHGY ::= (WHILT KTY> (ATTTH FXP>
ui49 . { <WKHILE KTY> <3IT EXD>
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H. SUMMARY OF OPLERATORS

This section contains a series of tables which explicitly
summarize the possible erithmetic, bit, character, and conditional
operators used in forming expressions in the HAL/S Language.

The information found in this appendix has been abstracted

from chapter 6 of this specification.
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H.l ARITHEMETIC QPLRATORS®
OPLRATORS NAME ARLGHMETIC
PRECEDENCH FORYS QITIDNTS

* % Exponentiation 1

Rapeated
Idontity

Nencatand
mEFT Transpoge

{blank) <> roduct 2 I m matrix-natrix
m v matrive-vechor
v n vector-macrin
vV outer product

2

a m X scalar cr integer preduct
jq v X with nmatris/vecior

X x scalar or intao: s
with scalar oz

* Cross Prcduct 3 vy crogs product of {wo 3-vectors

. Dot Product 4 V.V dot product of two vactors

/ Division 5 r/x division of laft-hand texm

t.
/> \
MG by scalar or integer

X/

+ rddition 6 XK
A Algebraic addition ox
v subtracition; binury plus
p.OS-N and minus
o » ) I-10
4%
70
Ry

8] .
f,i - Subtraction

i st i baning

~r

aH
~m
Bt

B T e TR S S 7 74 7 e i et 8 s+ + s w4

The following abbreviations epoly:

L et et e e et et

Rat i 41 e

X = scalar or integar
m = matrix
v = veclor

i = pogitive inteoocy literal

*Note that this table contains informaticn found in SecticnH 6.1.1.

’ H-2
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H.

OPERATOR*

i . i e s e e e o e A

OPERATOR AME FORI
[ concatenation E{} | [E'J__t] — [jﬁtf_t:j

|
L

*Note that this table contains

H.

3 BIT OPERATORS*

information

found i

n Section 6.1.3.

N OPERATORS NAME FOIM COMMENTS
]
CAT } concatenation 1 Bl|B | [ojfo'] —se | 11101015 |
&
ANI logical product 2 B&B Parallel operation bit by bit
Y . N o .
OR logical sun 3 B|B Parallel operation bit by bit
‘ KOT } logical Highest implied
complenment’ by syntax "B Parallel operation bit by bit;
The following ebbreviations apply:
= bit string or boolcan

*Note that this tablc

I{\I'igva1’l%}CS INCOM@ORATED « 701 CON

contains

H-3

inforration found

in

Section 6.1.2

CORD AVENUE » CAMBRIDGE, MACSACHUSETTS 02158 « 6170 0501500
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H.4 COSDITELONAL AND EVINT OPLRATORS*

ODERATOR AN CONUITIONAD FORA COMMLNTS
& C&C True 1f pboth "C"s true
AND logical product C AND C
| logical swa cic True if either "C" is true
OR C OR C
NOT logical Highest e

complonment . implied by Cperand

syntax
The follcwing abbreviations apply:
‘ "C" = any conditional operand.

. *NO.L. ~

[ )

and 6.3.

that this table

contains information found in

H.5 COMPARISON OPLRATORS*

Sections 6.2

*Note that this taeble contains information found in

T80

Section 6.2z.

H-4

OPERATOR USE COMMENTS
> A > B
> A >= B
< A <B magnitude cornparsions: apply only to
<= A<= 18 unarrayed scalar and intecer data A and B.
> A "> B
NOT> }
< A T< B
® NoT < |
= =8B
NOT= ! equality/ineguality for general data 2 and B,
- A e B )
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. % MACROS

LTI RETAG

L
The specific details of %-macro operation are
implementation dependent ’ ’
1. SNAMECOPY (o, B) ;
Performs the equivalent of:
NAME (o) = NAME(B) ;
. This <%-macro call statement> allows a NAME identifier
of structure type to be assigned the name of a
structure without the reguirement for template matching.
Rules
1. o must be a name identifier of structure type.
2. B must be a nome identifier of siructure type
or a <struct var>.
3. Neither o nor f may imply multiple copies of
names.
4. Tor o, other rules for NAME(®) in an assign % g
context apply. E
5. For B, other rules for NAME(8) in a reference
context apply.
. 6. No template matching will take place.
2. 38VC(a);
This <%-macro call statement> transfers flow contrel
in an implementation dependent manner with an accompanying
parameter, «. “The construct is intended to invoke an
external or systen definced procedure, or hardware
instruction. :
Rules
1. o may be a literal, name identifier or variable -
of any type with the exception of <bit pseudo var>. .

I -1
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2. A subscripted variable must conform to the same
restrictions as for assign arguments of procedures.

3. REMOTE and TEMPORARY attributes for o are
illegal.

4. The parameter is conveyed as "call-by-reference",
i.e. by a pointer to the implied data.

I--2
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INDEX

ACCESS 3-14, 3-16,
3--18, 4-13,
4-15, 4-16,
11-17, 11~-27
active process 8-2
ALIGNED 4-9, 4-10,
4-13 4-1¢€,
4--17, 11-27
AND 6-7, 6-8,
6~-13, 6~21
‘ apostrophe 4-7
argument type summary (chart) 6-37
arguments 3-17
<argument> 4-7
; arithmetic comparison 6-15
syntax diagram #32
legal arithmetic comparisons 6~16
arithmetic conversicn function 6-27
syntax diagram #3¢
<arith conversion> 6-6, 6-—-28
arithmetic expressions 6-3
. syntax diagram #24
<arith exp> 4-19, 4-20,
5-12, 5-18,
6-3, 6-15
7-21, 8-12
<arith exp>#% 4-24, G20
<arith inline> 11-3, 11-7
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arithmetic literals

<arith %$-macro>

<arith operand>
syntax diagram #25

arithmetic operand
arith %$-macro
syntax diagram #25s
<arith var>
ARRAY
arrayed <comparison>
array dimension

array properties of expressions

arrayness

arrayed infix operations
arrayed operand comparison

array specification

arrayness of subscript expressicns
array subscripts

syntax diagram #22
Array Subscripting

<array sub>

ASSICN

I-2

6-22,
7-5,

11-18

612

+ CAMDBRIDGT MAS
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assign parameter
assignment

assignment statement
syntax diagram #46

asterisk, use of

nNEn

* %

AT <arith exp>
AT
AT-partition
<attributes>

factored <attributes>
AUTOMATIC

basic statement
syntax diagram $#44

<basic statement>

BIT

bit argument length
bit assignments

bit comparison
syntax diagram #33

bit comparison function
syntasx diagram $#40

I-3

4-16, 4-2
4-22, 4-2
4-27, 5-1
5-12

11-18

v
1

(g

vw
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<bit conversion>

bit expression
syntax diagram #26

<bit exp>

6-34, 7-3,
7-17, 7-18,
7-13

bit expression length

<pit inline>

bit literals 2-9
<bit literal> 6--8, 6-9
. bit operand
syntax diagram %27 6-8
bit inline
bit%-macro
syntax diagram #27s 11-8
bit operator precedence 6-8
<pbit %-maciro> 11-8, 1i-5
<bit-pseudo var> 5-6, 6-35,
7=1

<bit var>

BIN
@BIN . 6-32, 6-34
‘ blanks ' 2-13, 4-7,
4-24
Block delimiting statements 3-13
hlock name unigueness 3-20
Block Templates , _ 3~-13
syntax Diagram 6 3-11

I-4
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BNF Grammar of HAL/S

boolean

BOOLEAN

built-in functions

built-in functiou names

built-in function parameters

BY
CALL Statement
Syntax Diagram #47
with NAME
Syntax Diagram #47s
call-by-reference

call-by-value

CANCFL Statement
Syntax Diagram %58

cancellation
CAT

catenation
channels
HAL/S character set

CHARAKBCTER

T ,I,f'lMETF\‘ICS INCORPORATED « 701 CCHCORD AVENUE « CAMBRIDGE, MASEACH

4-19, 4
4-26,11-

4--21., 4--26
6-33, 6-34,
7-10, 11-9

Ui TS 02138 « (817) €B7-1210




character argument length

character comnparison
syntax diagram #34

character conversion function
Syntax Diagram #41

<char conversion>

character expression
Syntax Diagram #28

character expression length

<char exp>

character initialization
<cher inline>
character length
character litecral
<char literal>
character operand

Syntax Diegram #29

char inline

char g-macro

Syntax Diagram #29s

character operator precocdence
<char %-macro>
character string
chuoracter type
<char var>

CLOSE Statemont
Syntax Diagram #10

CLOSE

closing

11-5,

6--10

11-9

F!TE" TRICS INCORPORATED + 701 CONCORD AVENUE « CAMBRIDGE, MASSACHUSETTS 02128 » {G17) 6571-1
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<closing>

code blocks

colon, usc of
COLUIMN

comma, use of
comments (imbedded)

<comparison>

<compilation>

component subscripts
Syntax Diagram #22

Component Subscripting

<component sub>

COMPOOL

CCMPOOIL block
Syntax Diagram #5

“compool biock>

COMPOOL block template

lL

<compeool headeor>

conipocol header statement

“onpoel modules

<compool templater

3~-14

3--19
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JOrsion

s -

6L-7

TR--

conditional exprescion
Syntax Diagram {30

conditional operand
Syntax Diagram #31

<conditional operand>

<condition>

CONSTANT
conversion
cyclic execution

Data declarative attributes
Syntax Diagram 15

data declarative <attribuites>

Data Manipulation

Data NAME identifiers

Data referencing

Data Sharing and the UPDATE Block

data types

DEC
@prc

DECLARE Statement
Syntax Diagram
with NAME

Syntax Diagram #1l4s
<declare statement>

+14

DECLARE

declare group

Syntax Diagram #1131
with BQUAYT
Syntax Disagram #115

<declarce group>

FRICHS INCORPORATELD « 701 CONCCORLY AVi-NUE
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| I.:’%’MFTH!CS INCORPORATED « 701 CONCORD AVENUE

Declarations of Temporarics
DENSE/ALIGNED

DENSE

DEPENDENT
dependent processes

DOUBLE

double precision
double guotes
DO

single DO statement
Syntax Diagram #50

<do statement>

DO CASE statement
Syntax Diagram #51

DO...END statement group
Syntax Diagram %49

DO...END
DO...END statement
TEMPORARY statement
Syntax Diagram #49s
DO FOR

Discrete DO FOR Statement
Syntax Diagram #53

I-9

» CAMBRIDGE, M/,

4--9, 4-10,
4-13, 4-1e,
4-17, 7-10,
7-11 11-17, 11-22
8-6, §-12
8-2

4-19, 4-20,
6-38, 7-6
6-15

4-5
11-12

7-15

SSACHUSETTS 02138 « (617) 661-1840
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discrete DO FOR

with loop TEMPOKARY variable index
Syntax Dragram #53g

DO WHILE and UNTIL statements
Syntax Diagram #52

DO UNTIL

DO WHI1LE

dangling ELSE

END statenent
Syntax Diagram #55

END
<end statement>

35l EQUATE Statement
! Syntax Diagram #80

errors
system-defined
user-deciined

cerror code
ERE

‘error environment
Crrer groups

Crror nuaboer

Frror preccdence {(chart)

CLUTYOL Sl

Error Recovery

if\('ﬁqu’,t;i-‘; (il (RS TS IR O R

Oy

b

1114

7-17

7-18
11-30

7-3,  1-4,
7-16,

7-4

7-23

7-23

11 40
i11-40
g-1

PAASHSAL HIUSETTS €Uy



Error Recove.y Executive

EVENT

event change point

Event Control

event expression
Syntax Diagram #36

<event exp>

event infix operator precedence

evenlt operand
Syntax Diagram #57

<event operand>
<event var>

latched

unlatched
EVERY <arith exp>
EXCLUSIVE
executable statements

EXIT statewent
Syntax Diagram #56

EXIT

explicit conversion functions
explicit type conversion
exponent

<exponents>

exponentiation

<expression>

external procedure

.i"{!«f,E'l'F(!CS INCORPORATED - 701 CONCCRO AV HUD

4-18, 4-19,
4-21, 4--26,
11~-13, 11-23
3-5, 8-7,
8-8, 8-15
815

e~-1

6--21

7-1

7-24

7--25

6-26, 6-27
6--31, 6-33

3-1
I-11
-CALTHHDG{,MASSACHUSLTTQ(GISB-{GTL'ﬂ”
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EXTERNAL
extended character set

FALSE

FILE
<file exp>

FILE statement
Syntax Diagram #68

paged file
unpaged file

flow control

flow of execution
flow path

format

formal parameters

FUNCTION

<function>
user-defined functions

FUNCTION blouk
Syntax Diagram #3

<function block>

FUNCTION block templatiws

Function header statemaont

Syntax Diagram #9

<functicn header>

INTERMETRICS INCORPOHATED » 701 CONCO

R AVENUE « CAMBRIDGL

3-12, 11-~40

W N

-9
-4
-1

Y~ ~

10-11
10-10, 10-11

10-10

10-2

3-2, 3-5,

3-7, 3-8,

3-20, 4-18,

7-12, 11-3,
11-20

7-12
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function modules 3-1

<function template> 3-12, 3-17,
6-23

GO TO statement T7-24

Syntax Diagram #56

GO TO 7-25
@HEX 6-32, 6-34
HAL Data Types and Organizations 4-2
HAL/S Block Structure and Organization 3-1

‘ hardware discretes | 8-15
HEX 2-9, 6-22
simple header statements 3-14

Syntax Diagram #7

identifiers 2-5, 2=
<identifier> 3-15, 3-17,
4-3, 4-10,
4-11, 4-25
11-40, 11-41 E 135
identifiers with NAME attribure 11-16
IGNORE 9--4
‘ IF 7-2,  6-1
IF Statement 7-3
Syntax Diagram #45
implicit conversion 7-11, 7-13
implicit type conversion 6-26, 7-6
indepondent processes 8--2
infix operators 6-3, 64
(chart) 6—~4
I-13

T FEMETRICS INCORPORATED - 701 CONGORD AVENUE -CAhﬁﬂUDGE,MASSACHUQEYTS(HISR'(617W66???:3
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INITIAL 423
initialization ‘ 4-13
<initialization> 4-14, 4-15.

initial list 4-23
<initial list> | 4-24, 4-25,
4-26, 427
initiation 82
. IN <arith exp> 8-5
partial initialization 4-27
initialization specification 4-23

Syntax Diagram 18

Inline Function Block 11--2
Syntax Diagram 69

inline function 11-3
Inline Function Blccks 11-1
<ginline function> 11-2
input argument 7-10, 7-11
input/output 7-1
. input/output statements 10-1
input parameters 3-15, 3-17,
6-~24
I/0 channel numbey 10-6
I/0 con'rol function 10-8
Syntax Diagram #67
<I/0 control> 10-3, 104

10--6, 10--7

I-14

IN‘M[: FRICS INCORPORATID « 701 CORCORD AVENUE « CAMBRIDGE MASSACHUSET 'S 02138 < {(617) €561-1840




INTEGER 4-19, 4-20,
4-24, 6€6-27,
6-28
integer 7-6
integer-valued literal 2-8
Introduction A 1-1
Iterative DO FOR sitatement 7-21
Synta:x Diagram {54
iterative DO FOR
. with loop TEMPORARY variable index 11~-14
Syntax Diagram #54s
keywords 2-6
<label> 2-7, 3-8
3-10, 3-11,
3-1¢, 3-20,
4-18, 6-23,
7-2, 7-3,
7-9, 7-23,
724, 7-25,
8~5, 8--14
<%label> 11-5
Label Name identifiecrs 11-20
. Label declarative attributes 4-18
Syntax Diagram #16
with NAME
Syntax Diagram $16s 11-19
lobel declarative <attributes> 4-12
LATCHED 4-13, 4--15,
421, 4~26
latched event &-15
linear array 4-14
literals 2~5, 2-3
literal zero 7-6
LINE 10-3, 10-7,
. To15 10~8, 10-¢
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LOCK 4-13, 4-15,
4--16, 7-10,
8-19
lock group 7-10
LOCK (*) 8-19
Lcop TEMPORARY variable 11-15
Syntax Diagram #53s 11-14
Syntax Diagram #54s 11-14
loop variable 7-1¢, 7-20,
7-22
. machine units 8~-3
mantissa 7-6
major structure 4-13, 4-1le6,
5--3, 5-9,
5-20
Matrix ‘ 5-21, 7-6,
MATRIX 4-19, 4-20,
4-25), 5-15,
6-27, 6-
maximun index value 5-12
minor structure 4-8, 4-10,
4-17, 5H-3
5-20
‘ nminor structure node 7-11, 10-11
MU 8-3
multiple copies 422, 5-9,
5-13, 17,
5-20, 7-11

I-16
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name scope

Name Scope Rules
rame uniqueness

NAME assign ,
Syntax Diayram #74

NAME assignment statement
Syntax Diagram #75

<name assign>

NAME assignment

NAME attribute
Syntax Diagram #l4s

NAME attribute in structure templates

Syntax Diagram #13s
NAME attribure

NAME conditional expression
Syntax Diagram #76

NAME data and structures
NAME facility

nane identifier
Syntax Diagram #16s

N2AME identifier
label

NANE identifier

sinple KRG identifiers

dereferenced use ¢f gilmplce HAME

identifiers

I-17

3-20, 4-2,
4-4, 4-6,
4-10, 4-12,
7-9
3~20
4-10, 4-12
11-29
11-29
11-30
11-30, 11-32,
11--34
11-35
11--16
11-22

11-23, 11-24

11-30

11-34
11-16

11-19

11--20

“11-21, 11-23,

11-24, 11--27
11--25

11-25

« CAMBRIDGHE, MASSACHUSETTS 02188 - (517) &5 7720



<NAME id>

NAME initialization attribute
Syntax Diagram #78

NAME reference
Syntax Diagram #73

<name reference>

NAME (NULL)

Null NAME values

NAME pseudo-function
Referencing NAME values
NAME terminals

NAME variable

natural sequence

nested blocks
Nested Structure Template References
NONHAL
<normal function>
with NAME

Syntax Diagram #77

NOT

normal function
Syntasx Diagram #38

Null

‘N'I"ERMETFHCS INCORPORATED + 701 CONCORD AVENUL « CAMI
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alt

13-

11~

11~

11~

11-

11—

11~

11—

4
G

3~

11—

4 -

11-

6~

6-14

G-

NN
(o]

26

30, 11-34

28

26

29

26

34, 11-38

E__J

7

SN

8

23

~
6]
!
NS
o

18, 11-20

31

8, 6-9
Yo 6-1

20

9,

66,  6-24
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Null character literal

Null field

.Null statement

Syntax Diagram #56
Null string
<numbexr>
@OCT
object modules
oCcT
OFF ERROR
one~dimensional source format

ON ERROR

ON ERROR Statement
Syntax Diagram #63

ON <event exp>
operand

OR

packing attribute

PAGE

paramatric replace refcerence
Syntax Diagram #12.1

parentheses

partitioning SUBBIT subscripts

precedence ruleg (chart)

&—-macro

arith
bit

I-1@

3-1
2-9, 6-32
9-2, 9-4
2-11

7-2,  7-3,
9-1,  9-4
9-5

9--2

9-3

8-5

5-20, 6-1
6-7, 6-8,
6-13, 6-21
4-10
10-3, 10-7,
10-8, 10-9
4-7

4.6

2-12, 4-7
6-36

65

2-6, 11-1
11-6
11-5
11-5

1-

e
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char

115

struct 11-5
typeless 11-5
$-macro references 114
Syntax Diagram 70 11-5
$-macro CALL statement ‘ 11-11
Syntax Diagram #71
<%-macro call statement> 11-5, 11-11
pointer 11-16
<power> 2-8
precision specifier 6-38

Syntax Diagram =43

. <precision> 6-6, 6-27,
9o 6-29, 6-38
precision 6-38
precision conversion 7-6
primal process 8-2
HAL/S Primitives 2-1, 2-5
PRIORITY 86
PROCLEDURE 3-2, 3-5,
3-7, 3-8,
3-15, 3-20,
7-9, 7-12
11-3, 11-20

‘ PROCEDURE block 3-4
Syntax Diagram #3 3-6
PROCEDURY block template 3-11
Procedure Header Statement 3-15
Syntax Diagram 8 3-15
<procedvre headcw> 4-4

<procedure template>

process events 8-18

STERMETRICS INCORPORATED « 701 CONCORD AVENUE « CAMDIERIDGE, MASSACHUSETS GLi38 - (617 e681-78.0



<process event> 11-21
<process-event name> 2~7, 6-8,
6-9, 62
process queue 8-4&, 8-10
Program 3-2, 3-14,
6~-22, 7-12
8-2, 11-18
. 1i-21,
PROGRAM block 3-4
Syntax Diagram #2
<program block> 3-5
Program block temnluate 3-11
program complex 3-1
program header 3-4
program header statament 3-14
qualified structure 4-22, 5--3,
5-4
<radix> 6-31, 6-32,
6-33, 6—-34
. ran om—access I/0 10--1, 10--10
READ 6-36, 10-7
10-4, 10~¢
READ and READALL ctatements 10--3
Syntax Diagram §G65H
DLADALL 636, 10--7
10~-4, 10--8
ready state 8~-4
ready 8-2
real time 7-1, 3-8
11~-3
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real time control
real time processes
Real Time Executive
REENTRANT

regulaxr expression
Syntax Diagram #23

referencing simple variables

referencing structures

REMOTE

REPEAT Statement
Syntax Diagram #56

REPEAT
REPLACT

Syntax Diagram #12
<replace statement>
reravcling

RESHT
Syntax Diagram #62

restricted character set
reserved words

RETURN ctatemaent
Syntax Diagranm #48

RETUDE

round:ng

row and column dimensions (Matrix)

RTE

:’\’.I«‘.r IRICS 1 CORPORATED - 707 CONCORD AVENUE

I-22

« CANMBRIDGE, MASSACHUCETTY

3--19,




RTE-clock

run time errors

S
S;
SCAILAR
. scalar valued literals

SCHEDULEL statoment
Syntax Diagram #57

SCHEDULE

semi colon, use of

SIGN2L, SET, and RESET

SET, SIGHAL, and RLSET statements
Syntax Diagram #62

SET, RESET, SIGNAL summary (chart)
SET, RESET, SICGHAL statements

‘ SET statement
Syntax Diagram #62

| SEND ERROR
Syntax Diagram #64

Sequential 7/0

Sequentiazl I/0 stataements
shaping fuﬂctions

simple index

SIGKNAL statemant
- Syntax Diacram #G62

single precision
-2

[

[=a B =Y
I
NN
e
~ oy b
!
NN
~ O

)]
I
-
)

-
~l
1
%]

£
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s
SINGLE 4-19, 4-20,
6-29, 7-6
SINGLE (default) 4-20
SKIP 10-3, 10-7
10-8, 10-9
source macro 4-4, 4~-6
source modules ' 3-1
source text 2-13
stall 8-2
. stall state 8-—-4, 8-6
STATIC 4-13
STATIC (default) 4-14
STATIC/AUTOMATIC 4-14, 11-17
statenent 3-4
<statement> 7-2, 9-5
STRUCUURE 4-10, 4~19,
4-21, 4-22
structure assignments 7-8
structure comparison 6-19

Syntax Diagram #35

subscript construct 5-8
Syntax Diagram #Z1

structure copies 4-217, 6-19
structure copy dimensions 5-17
structure copy specification NAME 11-18
strucinire expression
Synitax Diagran #29.1 6-12
struct inline 11--10
struct % macro 11-1¢C
Syntax Diagrem #290.1s 11--10
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Version IR-61-7

<structure exp> 6-12, 6-1¢9,
7-8

<gtruct inline> 1t-4, 11-190

<struct $%$--macro> 11-5, 11-10

structure template statement 4-9

Syntax Diagram #13

structuvre temrlate 4-8
tree diagram 4-8
. structure template statement 11-22
with NAME
Syntax Diagram #13s ‘E
| <structure template> 4-3, 4-10,
| 4-16, 4-17
| 11--42 l 135
| structure terminal 4--10, 4-13,
| 4-16, 7-11
structure terminal references 11-34
subscripting structure terminals 11-36
gstructures containing NAME terminals 11-38
unarrayed structure terminal
array structure terminal 5-9
. non-gqualified structure variable declaration 4-11
structure subscripts 5-11
Syatax Diagram #22
structure type 11-18
structure tvpes 4--27
Structure Subscripting 42, 5-7,
5-13
<structure sub> 5-7, 5-8,
5-13

D

I-25

hY
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N x'..i;'x”RlCS INCORPORATED

<structure var name>
<structure var>

Subszcripting
Syntax Diagram #19

subscripting classes
component subscripting
legal subscript combinations

<gubscript>

<sub exp>

<sub id>

subscript line
SUBBIT

SUBBIT pseudo--variable
Syntax Diagram #42

syntax diagramnms
SYSTEM

<sub name id>

systems language features
system-defined errors
I(TH

TAB

]
>
w
=

+ 701 CONTORD AVENUE - CAMBRIDGE, M ACHUSETTS 02138 -

11-26, 11-27,
11--33

11-1
9--7
6--4
10-3, 10-7,
10-8
3-5, 3-14
4-18, 6-22
7-12, 8-2,
8~6, 11-19
11-21
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TASK block 3-6
Syntax Diagram #3
task block 3~4
<task block> 4-18
task header statement 3~14
TERMINATE statcment 8-11
Syntax Diagram #59
<template name> 2-7, 4-8,
®
TEMPORARY 11-12, 11-13
TEMPORARY statement
Syntex Diagram #409s 11-12
Syntax Diagram #72 , 11-13
Temporary Variables 11~-12
regular Temporary variables 11-12
THEN ' 1-3, 7-4
|
timing considerations 83
timing lines 8--15
TO 5-11, 7-22
. TO-partition 5-12, 5-13,
5-14, 5-15
transpose 6—-4
tree organizetion 6-19, 7-8
TRUE : 2-9, 4-26,
8-16
Type Conversion 4-25
1I-27
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4-16, 4-17,
4-19, 4-20,

|
typeless %-macro 11-11 |
type specification 4-19 ‘
Syntax Diagram #17 ‘
<text> 4-4, 4-5,
4-6 ;
g
<type spec> . 4-13, 4-14, .
|
i
4-22, 11-3 :
“ two dimensional Source Format 2-11 :
unlatched event 8-15, ,
UPDATE 3-5,  3-7, |
3-14 !
UPDATE block 3-8
Syntax Diagram #4
. Fn
UPDATE PRIORITY statement 8-14
Synicax Diagram #61
<update header> 3-8
updalte header statement 3-14 ’ ,
|
i
update block 3-4
. <update klock> 3-9 ]
1
i
ungualified structure 4-22, 5-3, |
5-4 |
unraveling 5-20 |
unit of compilation 3-2 |
Syntax Diagram #1 3-2
UNT VL, 6-1, 7-18,
7-19, 7-20
8-6
UNTIL <arith exp> 8-7, ©&-8

. 1-238
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Version iR—61~7

variable 5-5
Syntax Diagram #20

unarrayed simple variable 5-9
arrayed simple variable

<variable> 7-5, 7-6, ]
10-4, 11-40 6135
<§var name> 2-7, 5-2,
5-3
<§var name> (interpretaticn table) 5-9
.‘ <fvar> 5-17
simple variable 4-13, 4-16,
5-2

VECTOR 4-19, 4-20,
. 4-25, 5-15,
5-21, 6-27,

6-29, 7-6
vector length 4-20
wait 8-2
WAIT statement 8-12
Syntax Diagram #60
WAIT 8-12
‘ WATIT POR 8-13
WAIT FOR DEPENDENT 8-13
WATIT UNTIL 8-12
WHILE 6-1, 7-19,
7-20, 1-22,
8~6
WIITLE <event exp> 8-7
WRITE 6-2, 10-2,
10-8
Syntax Diagram #66 10-6

I-29
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R AHON

5-11, 5-12
2-10, 2-10.1
¢, use of o
@, use of 2—4
1-30 ‘ NASA-JSC
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‘ PUAET

UPDATE SHEET

Enclosed with each update package you receive is a new
update sheeting listing the new Version number, the
affected pages, and the date of the update.

As you receive each update, replace the old update sheet
It is important that you refer to the
most recent Version number on the update sheet whenever
you correspond with Intermetrics concerning this document.

with the new one.

L]

VERSTOHN AFFECTED MATERIAL DATE
IR-61-4 6/15/74
IR-61-5 12/5/74
IR-61-6 3/17/75
IR-61-7 This version of the HAL/S Language |11/14/75
Specification contains material
from the following approved
Language Change Requests:
LCR 114A BIT Function with Integer
LCR 115 Extended Comparison to
Allow Sorting
LCR 133 Allow subscripts in NAME
Initialization
' LCR 134 Remove Checking in DO
: CASE Statement
|
LCR 135 EQUATE Statement
LCR 136 HAL/S Shift Functions
g LCR 140 MIDVAL Function
LCR 141 Document Clarifications
RICS INCORPORATED « 701 CONCORD AVEMUE - CAMBRIDGE, MASSACHUSETTS 02133 « (617) 661-1840



VERSION AFFECTED MATERIAL DATE

IR-G1-7 (Con't) : 11/14/75

The following pages have been up-
dated or added:

1) Title Page

'2) Table of Contents (Complete) -

3) Page 3-16.1/blank page LCR 141

4) Page 3-18.1/blank page LCR 141

5) Page 3-19/3-20

6) Page 4-3/4-4 LCR 141

. 7) Page 4-5/4-6 editorial change
8) Page 4-13/4-14 editorial change

9) Page 5-17/5-18 editorial change

10) Page 5-19/5-20 editorial change

11) Page 6-~17/6-18 LCR 115
12) Page 6-31/6-32 LCR 114A
13) Page 7-15/7-16 LCR 134
14) Page 7-19/7-20 LCR 141
15) Page 7-21/7-22 LCR 141
16) Page 8-5/8-6 LCR 141

17) Page 9-1/9-2 editorial change
18) Page 11-1/11-2 editorial change
19) Page 11-29/11-30 editorial change

20) Page 11-33/11-34 LCR 133
21) Page 11-39/11-40 LCR 135
22) Page 11-41/11-42 LCR 135
23) Page B-1/B-2 LCR 135
24) Page C-1/C-2 LCR 140
25) Page C-3/C-4 LCR 140
26) Page C-5/C-6 LCR 136
. 27) Page C-7/C-8 LCR 136
28) Page C-9/blank page LCR 136
29) Page D-1/D-2 LCR 141
LCR 114A

30) New Appendix G (Complete)
Pages G-1 thru G-11

31) Page I-1/I-2 editorial change

32) 1Index - I-7/1I-8, I-9/1-10,
I-11/1-12, I-13/I-14,
1-21/1-22, 1-25/1-26,

I-29/I-30 LCR 135
33) Index - I-25/I-26 editorial t
change
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