o ccam-2.5 definition

Conor O’Neill

c ◯ 1994 INMOS Limited

1

Con ten ts

1 In tro duction

This do cumen t is repro duced b y p ermission of INMOS Limited. It is deriv ed

from their in ternal do cumen t SW-0429-8, dated 1st Marc h 1994, b y omission

of in ternal c hange notices and discussion of history . It describ es the prop osed

language extensions to o ccam 2 whic h will b e supp orted in the Dx405 release of

the INMOS o ccam to olset. These constitute a subset of the o ccam 3 extensions

whic h w ere prop osed b y Geoff Barrett in “OCCAM 3 reference man ual” dated

31st Marc h 1992.

This do cumen t should b e read in conjunction with the o ccam 2 Reference

Man ual; (“o ccam 2 Reference Man ual”, Pren tice Hall 1988 (ISBN 0-13-629312-

3)). In particular an y syn tactic extensions are describ ed in terms of the syn tax

as sp ecified in the Reference Man ual.

Additional language extensions supp orted b y existing INMOS o ccam to olsets

but not in the Reference man ual are also included in this do cumen t. These w ere

previously do cumen ted b y INMOS in their in ternal do cumen t SW-0044-12.

2 Change history

Se ction omitte d

3 Initial prop osals

Se ction omitte d

1

o ccamis a trademark of INMOS Limited

4 Named t yp es

4.1 Description

P ermit the programmer to name basic scalar (and arra y) t yp es, so that they

can b e referenced b y more ‘abstract’ and/or memorable names.

Named t yp es pro vide enhanced t yp e securit y b ecause eac h named t yp e ma y

not b e mixed with an y other inadv ertan tly .

4.2 Rationale

This prop osal is included directly from Geoff Barrett’s w ork on o ccam 3. See

section 5.1 of the draft Occam3 Reference Man ual dated 23/3/1992.

4.3 Syn tax

Geoff pro vides the follo wing syn tax: (Note - Geoff ’s do cumen t has c hanged typ e

to data.typ e )

definition = DATA TYPE name IS typ e :

typ e = name

Named arra y tables are defined in a similar w a y to tables, except that the

name of the arra y t yp e is written at the end as a t yp e decoration:

table = [ { 1 , expr ession } ] ( typ e )

New k eyw ords: DATA , TYPE .

This has t w o real implications on parsing. P arsing the basic t yp e declaration

is trivial. Ho w ev er, no w whenev er a t yp e ma y app ear, w e m ust p ermit a name

also.

As far as I can tell, the affected situations (pre c hanges) are as follo ws:

liter al = inte ger ( typ e )

| byte ( typ e )

| r e al ( typ e )

de clar ation = typ e { 1 , name } :

simple.pr oto c ol = typ e

expr ession = MOSTPOS typ e

| MOSTNEG typ e

c onversion = primitive.typ e op er and

| primitive.typ e ROUND op er and

| primitive.typ e TRUNC op er and

sp e cifier = primitive.typ e

formal = sp e cifier { 1 , name }

| VAL sp e cifier { 1 , name }

definition = { 1 , primitive.typ e } FUNCTION name ( { 0 , formal } )

function.b o dy

:

| { 1 , primitive.typ e } FUNCTION name ( { 0 , formal } ) IS expr ession.list :

op er and = ( value.pr o c ess

| )

expr ession.list = ( value.pr o c ess

| )

The c hanges ha v e the effect of c hanging all o ccurrences of primitive.typ e in

the ab o v e list to typ e , and typ e no w includes name .

This, ho w ev er, causes an am biguit y . Once named data t yp es are included,

it is imp ossible to distinguish syn tactically b et w een a t yp e con v ersion and a

function instance. Both reduce to

name ( expr ession )

W e resolv e this issue b y dela ying the decision un til con textual information

ab out the t yp e of name is a v ailable. If it is a t yp e name, it is a con v ersion.

4.4 Seman tics

A named t yp e in tro duces a new t yp e with the same structur e as the t yp e listed

on the righ t-hand side. These t yp es, ho w ev er, are not compatible, and ma y not

b e mixed without an explicit t yp e con v ersion.

Tw o named data t yp es are equal only when they refer to the same t yp e

declaration. F or example, in:

DATA TYPE AREA IS REAL32 :

AREA a, b :

REAL32 c :

the t yp es of a and b are the same, but the t yp e of c is differen t. In:

DATA TYPE AREA IS REAL32 :

AREA a :

DATA TYPE AREA IS REAL32 :

AREA b :

the t yp es of a and b are differen t b ecause the t w o declarations in tro duce

differen t named t yp es, ev en though they are sp elt the same.

Note - in this r esp e ct, name d typ es b ehave identic al ly to name d pr oto c ols.

MOSTPOS and MOSTNEG ma y b e applied to named t yp es whic h are deriv ed

from an in teger t yp e. (Also BYTE ; see section ?? .)

A named arra y data t yp e is not t yp e-equiv alen t to an y other similarly sized

named arra y data t yp e. A consequence of this is that constructors for named

arra y data t yp es m ust ha v e the name of the t yp e app ended as a t yp e decoration,

except where that t yp e can b e deduced, as describ ed in section ?? .

4.5 Constrain ts

• A t yp e used in a named data t yp e declaration m ust b e a primitiv e data

t yp e, another named data t yp e, or an arra y of suc h, where the size of the

arra y m ust b e compile-time constan t.

4.6 Other p oin ts

Named t yp es m ust b e exp ortable from separately compiled mo dules, b oth as

exp orted ob jects themselv es, and in the parameter lists of exp orted pro cedures

and functions. W e implemen t this in the same w a y as w e curren tly do for

proto cols – i.e. w e require the use of include-files.

5 Record t yp es

5.1 Description

A w a y to collect together related data and to refer to the collection b y means

of a single name.

5.2 Rationale

This prop osal is included directly from Geoff Barrett’s w ork on o ccam 3. See

section 5.2 of the draft Occam3 Reference Man ual dated 23/3/1992.

5.3 Syn tax

definition = DATA TYPE name

structur e d.typ e

:

structur e d.typ e = RECORD

{ de clar ation }

New k eyw ords: RECORD .

Record literals (tables) are defined in a similar w a y to arra y tables, except

that the name of the record t yp e is written at the end as a t yp e decoration:

table = [ { 1 , expr ession } ] ( typ e )

Note that record fields are accessed with the same syn tax as arra y subscripts.

The field name replaces the arra y index.

element = element [ subscript ]

subscript = expr ession

expr ession = op er and

op er and = element

element = name

5.4 Seman tics

The declarations inside a structur e d.typ e m ust b e simple data declarations. No

c hannels, timers, p orts, pro cedures, functions, proto cols, etc, ma y b e declared

there.

Records ma y con tain fields whic h are themselv es records, but only b y cre-

ating a named t yp e for the sub-record. Records ma y con tain fields whic h are

arra ys, and arra ys of records ma y b e constructed.

The language do es not sp ecify an ything ab out ho w the fields are actually

ordered and/or pac k ed in to memory . An implemen tation ma y re-order fields,

and insert padding b et w een fields and at the end of the record, to facilitate

access to arra ys of records. (See section ?? for metho ds of con trolling the

la y out of record structures in memory .)

Record literals, ho w ev er, m ust ha v e fields sp ecified in the same order as the

fields are declared.

The same field name ma y b e used in the definition of more than one record

t yp e. The correct record t yp e is deduced from con text. It is an error if the same

field name is used more than once in a single record t yp e. See also section ??

with regard to scoping of proto col tags.

Zero length records are p ermitted. It is not particularly clear whether they

are useful.

A record ma y b e used in more than one comp onen t of a parallel, pro vided

that differen t fields are used.

5.5 Other p oin ts

A m ultipro cessor implemen tation ma y restrict the t yp es of records (and PACKED

records, see section ?? ) whic h ma y b e comm unicated b et w een differen t pro ces-

sors. T ypically , this will b e b ecause of w ord size, alignmen t, and endian-ness

issues.

Th us, for example, an implemen tation migh t restrict the use of records con-

taining INT fields, or those whic h naturally align to differen t b oundaries on

differen t w ordlengths.

6 P ac k ed Record t yp es

6.1 Description

Adds a mec hanism for con trolling the concrete represen tation of RECORD data

t yp es.

6.2 Rationale

This p ermits a programmer to use RECORD data t yp es to map directly on to

externally sp ecified data formats, suc h as those required b y external hardw are,

or comm unications proto cols, etc.

Geoff prop oses differen t mec hanisms for this in App endix D of the draft

Occam3 Reference Man ual dated 23/3/1992. Ho w ev er I find his syn tax obscure,

and the flexibilit y of WIDTH o v erly complex.

6.3 Syn tax

structur e d.typ e = PACKED RECORD

{ de clar ation }

New k eyw ords: PACKED .

6.4 Seman tics

A record t yp e ma y b e declared as a PACKED RECORD . This t yp e is then differen t

from an y similarly shap ed RECORD .

The fields of a PACKED RECORD will b e laid out in memory in the order

sp ecified in the declaration of the record. The implemen tation ma y not re-order

fields, nor ma y it in tro duce padding b et w een fields, or at the end.

The la y out of a nested field of RECORD t yp e is not sp ecified unless that t yp e

is PACKED . Otherwise it is unsp ecified whic h order the b ytes of a m ultiple-b yte

field are stored in memory .

An implemen tation ma y restrict the PACKED RECORD s whic h it accepts; an

implemen tation ma y insist that data t yp es are only placed at appropriate b ound-

aries, or that BYTESIN a PACKED RECORD b e a m ultiple of the mac hine’s w ord

size. Ho w ev er, an y record declaration whic h is accepted m ust b e treated as a

first class ob ject; it ma y b e assigned, and passed as a parameter, etc.

Note that it is vital that it is made clear in the do cumen tation and/or

diagnostics that there migh t b e implemen tation restrictions here.

6.5 Other p oin ts

Note that ‘direct’ t yp e con v ersion b et w een PACKED and non-pac k ed RECORD s is

not supp orted. A user ma y supply explicit con v ersion functions, whic h p erform

field-b y-field cop ying. See section ?? .

An implemen tation m ust define the size and alignmen t requiremen ts of eac h

of the primitiv e t yp es, together with user defined t yp es, record t yp es, and arra ys.

7 BYTESIN op erator

7.1 Description

P ermit access to the size of a data t yp e (and/or v ariable), in b ytes. W e also

extend the seman tics and syn tax of the SIZE op erator to p ermit it to b e applied

to user defined t yp es.

7.2 Rationale

This is needed to find out the size of a record t yp e. It is ob vious that if imple-

men ted, it should not b e restricted just to record t yp es.

I’v e just disco v ered that Geoff had already prop osed this as WIDTHOF . See sec-

tion D.5 of the draft Occam3 Reference Man ual dated 23/3/1992. I find WIDTHOF

to b e coun ter-in tuitiv e, and others ha v e agreed that they prefer BYTESIN .

See also OFFSETOF in section ?? .

Giv en that BYTESIN should w ork on t yp es, it seems ob vious that SIZE should

to o.

7.3 Syn tax

By analogy with the SIZE op erator, BYTESIN should b e simply a monadic op er-

ator. Ho w ev er, this w on’t p ermit op erating directly on a t yp e rather than on a

item of a t yp e.

expr ession = monadic.op er ator op er and

Presumably this implies (though it is not sp ecified):

monadic.op er ator = SIZE | + | - | ...

T o p ermit SIZE to op erate on t yp es, w e m ust add:

expr ession = SIZE typ e

op er and = BYTESIN ( op er and )

| BYTESIN ( typ e )

Note the presence of paren theses around the op erand or t yp e. This mak es

it lo ok lik e a function call, and is wh y it is defined as an op er and , rather than

an expr ession .

New k eyw ords: BYTESIN .

7.4 Seman tics

BYTESIN returns an INT con taining the n um b er of b ytes required to represen t

the t yp e/ob ject.

Consider

x := BYTESIN ( expr ession ) ,

F or ob jects and expressions, this is equiv alen t to:

VAL []BYTE temp RETYPES expr ession :

x := SIZE temp

The v alue returned b y BYTESIN for a t yp e will b e the n um b er of b ytes whic h

are required when the t yp e is used in an arra y . Th us in a record t yp e, it w ould

include an y trailing padding. This also implies that, for all t yp es:

BYTESIN ([ n ] typ e ) == n * ( BYTESIN ( typ e ) )

It is in v alid to apply the BYTESIN op erator to an ob ject whose size cannot

b e represen ted as an in tegral n um b er of b ytes. This migh t o ccur b ecause it is

to o large, or b ecause the ob ject is not pac k ed in to an in tegral n um b er of b ytes,

eg. BOOL ob jects migh t b e pac k ed in to single bits. ( Note - this is no differ ent

than the curr ent situation with RETYPES . )

SIZE can no w b e applied to a t yp e, including user defined t yp es. It is in v alid

to apply it to an y t yp e whic h isn’t an arra y . SIZE returns the n um b er of elemen ts

in the arra y .

BYTESIN is syn tactically an op er and , (unlik e SIZE whic h is an expr ession ),

so that it lo oks syn tactically lik e a function call, and do esn’t need sup erfluous

brac k ets when used in expressions. Hence it ma y b e used in circumstances where

SIZE is not p ermitted, eg:

                                                                                                                      x := BYTESIN(a) + BYTESIN(b) -- legal

                                                                                                                      x := SIZE a + SIZE b -- illegal

                                                                                                                      x := (SIZE a) + (SIZE b) -- legal

8 OFFSETOF op erator

8.1 Description

An op erator whic h returns the ‘offset’ in b ytes of an y particular field of a record

or pac k ed record t yp e.

8.2 Rationale

Allo w lo w-lev el manipulation of record t yp es, to p ermit the use of RETYPES etc.

See also BYTESIN in section ?? .

8.3 Syn tax

op er and = OFFSETOF ( name , name )

New k eyw ords: OFFSETOF .

8.4 Seman tics

OFFSETOF ( typ e , name ) returns an INT con taining the n um b er of b ytes (as

determined b y the implemen tation’s la y out of the record) from the start of an

ob ject of record t yp e typ e to the b eginning of field name .

It is in v alid if typ e is not the name of a record or pac k ed record t yp e, or if

name is not a field of that record t yp e.

It is in v alid to apply the OFFSETOF op erator to a field whose offset cannot

b e represen ted as an in tegral n um b er of b ytes. This migh t o ccur b ecause it is

to o large, or b ecause the field is not aligned to an in tegral n um b er of b ytes, eg.

BOOL ob jects migh t b e pac k ed in to single bits.

                                                                                                       OFFSETOF is syn tactically an op er and , so that it lo oks syn tactically lik e a

function call, and do esn’t need sup erfluous brac k ets when used in expressions.

x := OFFSETOF(type1, field1) + OFFSETOF(type2, field2) -- legal

9 T yp ed literals

9.1 Description

P ermits scalar and arra y literals to ha v e their t yp e deduced from the con text in

whic h they are written, so that a user do es not need to add the t yp e decorations

to literals.

9.2 Rationale

A common complain t among o ccam 2 programmers is that literals (esp ecially

real-v alued literals) are cum b ersome to write b ecause of the need to follo w eac h

literal v alue with a t yp e sp ecifier.

In most cases the compiler could deduce this itself.

9.3 Syn tax

The only syn tactic c hange is to p ermit un t yp ed real literals:

liter al = r e al

9.4 Seman tics

A t yp e decoration ma y b e omitted when there is only one decoration whic h

w ould t yp e-c hec k correctly . In the follo wing circumstances con textual informa-

tion is used to deduce t yp e:

• Inside a single expression.

In this con text, no information ab out expression t yp es is passed either

‘in to’ or ‘out of ’ a VALOF expression.

• Expressions in pro cess constructs where only one data t yp e is p ermitted

are assumed to ha v e that t yp e:

– Arra y size and subscript expressions m ust b e of t yp e INT .

– Start and length expressions of segmen ts m ust b e of t yp e INT .

– Guards of conditional pro cesses and lo ops, and b o olean guards of

alternativ es, m ust b e of t yp e BOOL .

– Start and length expressions of replicator v ariables m ust b e of t yp e

INT .

– Shift coun ts m ust b e of t yp e INT .

• Assignmen t and output use the t yp es of the v ariables or proto col of the

c hannel.

• In abbreviations, the t yp e of the expression is inferred from the t yp e of the

abbreviation. This rule also applies to the actual parameters of functions

and pro cedures.

• The t yp es of expressions in a RESULT list of a function use the return t yp e

of the function.

• The t yp es of constan t expressions in a CASE selection use the t yp e of the

selecting CASE expression.

• Expressions inside a table construct use the t yp e of the kno wn con text

of the table, together with an y optional literal decoration, to deduce the

t yp es of eac h expression.

10 BYTE arithmetic

10.1 Description

P ermit the in teger arithmetic op erations on BYTE v ariables.

10.2 Rationale

It is cum b ersome to con v ert BYTE s to INT s and bac k again ev ery time it is

required to do an y arithmetic or bit manipulation. These con v ersions ma y

in tro duce man y con v ersion c hec ks.

10.3 Syn tax

No extensions required.

10.4 Seman tics

Arithmetic op erations are p ermitted on BYTE s as follo ws. Ov erflo w o ccurs

(where applicable) when the v alue of the result exceeds the range 0 to 255

inclusiv e.

Monadic op erators

- negation NOT p ermitted - meaningless

MINUS mo dulo negation Eigh t bit t w o’s complemen t

~ bit wise not Eigh t bit one’s complemen t

Con v ersion op erators

ROUND round to nearest in teger

TRUNC truncate to nearest in teger

Dy adic op erators

+ addition PLUS mo dulo addition

- subtraction MINUS mo dulo subtraction

* m ultiplication TIMES mo dulo m ultiplication

/ division REM , \ remainder

/\ bit wise and \/ bit wise or

>< bit wise exclusiv e or AFTER later than

>> shift righ t << shift left

Note that AFTER needs some further description. ‘ x AFTER y ’ is sp ecified as

‘ (x MINUS y) > 0 ’ for all curren t data t yp es. Ho w ev er, with an unsigne d data

t yp e, the comparison against zero succeeds for all non-zero v alues, making ‘ x

AFTER y ’ equiv alen t to ‘ x <> y ’. Instead, (for BYTE s only), w e m ust effectiv ely

consider the result of the MINUS op erator to b e a signed t yp e b efore comparing

against zero, giving x AFTER y == ((x MINUS y) > 0) AND ((x MINUS y) < 128)

x AFTER y == ((x MINUS y) MINUS 1) < 127

T yp e con v ersions are p ermitted on BYTE ob jects in the same w a y as other

in teger t yp es. Th us, con v ersion to and from REAL32 and REAL64 are p ermitted,

b y using the ROUND and TRUNC op erators. Note that con v ersions b et w een BYTE

and the other in teger t yp es are already p ermitted in o ccam 2.

11 MOSTPOS and MOSTNEG BYTE

11.1 Description

Extend MOSTPOS and MOSTNEG to BYTE t yp es, and those t yp es deriv ed from BYTE .

11.2 Rationale

This means greater abstraction; it is p ossible to use MOSTPOS and MOSTNEG on

named t yp es without caring whether they are implemen ted as an in teger t yp e

or as BYTE .

11.3 Syn tax

No extensions required.

11.4 Seman tics

MOSTPOS BYTE ev aluates to 255(BYTE) . MOSTNEG BYTE ev aluates to 0(BYTE) .

12 FUNCTIONs returning fixed-length ob jects

12.1 Description

FUNCTION s should b e p ermitted to return records, and fixed length arra ys.

12.2 Rationale

It is ob vious that FUNCTION s m ust b e able to return user-defined t yp es to b e

usable. Giv en this, they should b e able to return record t yp es, and arra ys whose

size are kno wn at compile-time. Note that suc h arra ys can b e considered to b e

homogeneous records.

12.3 Syn tax

The t yp e returned from a FUNCTION ma y b e an y t yp e, rather than just a prim-

itive.typ e .

definition = { 1 , typ e } FUNCTION name ( { 0 , formal } )

function.b o dy

:

| { 1 , typ e } FUNCTION name ( { 0 , formal } ) IS expr ession.list :

(Note that this c hange is already subsumed in the c hanges p ermitting user

defined t yp es.)

W e also m ust c hange the syn tax of an op er and , so that functions can return

arra ys and records whic h can then b e subscripted:

op er and = op er and [ subscript ]

(Note that Geoff prop osed that expr essions should b e subscripted, rather

than op er ands , but he has agreed that op er ands are b etter, b ecause this reduces

the need for ‘sup erfluous’ brac k ets when used inside more complex expressions.)

12.4 Seman tics

Same as FUNCTION s returning scalar v ariables. All the aliasing rules still apply .

Since the sizes of the results are kno wn at compile-time, the compiler can

allo cate temp oraries if required.

Since a FUNCTION can return an ob ject of arra y or record t yp e, the function

call ma y b e subscripted directly .

12.5 Other p oin ts

It ma y b e that w e ha v e to do some w ork to mak e this efficien t: In man y cases

where a temp orary migh t b e used, without to o m uc h cost, for scalar t yp es, this

will b e unsatisfactory for arra y t yp es, b ecause of the rep eated cop ying whic h

this implies. Therefore, the compiler m ust attempt to remo v e the temp oraries.

An example migh t b e a user routine written as follo ws:

[n]INT FUNCTION double.array(VAL [n]INT arg)

                                                                         [n]INT temp :

                                                                         VALOF

SEQ i = 0 FOR n

temp[i] := arg[i] * 2

RESULT temp

:

[n]INT x :

x := double.array[x]

In a naiv e implemen tation, this will in v olv e assem bling the result in temp ,

then cop ying this to the actual result, whic h ma y also b e a temp orary , in the

RESULT statemen t. There migh t then b e a final cop y to the real result. In the

example just giv en, this will require t w o copies.

Since the aliasing rules of our implemen tation of o ccam imply that the formal

result parameter of the call (whic h is passed as a p oin ter) cannot alias the formal

parameter, the compiler is p ermitted to remo v e temp en tirely , and to use the

formal result parameter directly . In the previous example, this will remo v e one

of the arra y copies.

A heuristic migh t b e: if a lo cal v ariable is declared inside the function, and

is returned directly as a RESULT , and the size of that v ariable is larger than

some cutoff size, then the lo cal v ariable is remo v ed and all references to it are

replaced with references to the formal result v ariable.

13 Dropping FR OM and F OR in segmen ts

13.1 Description

P ermit either the FROM phrase or the FOR phrase (not b oth) to b e dropp ed from

segmen ts of arra ys.

13.2 Rationale

T yp ographical con v enience in the common cases where the start ( FROM ) v alue

is 0, or the length ( FOR ) v alue is the ‘rest of the arra y’.

13.3 Syn tax

element = [ element FROM subscript FOR c ount ]

| [ element FOR c ount ]

| [ element FROM subscript ]

table = [ table FROM subscript FOR c ount ]

| [ table FOR c ount ]

| [ table FROM subscript ]

13.4 Seman tics

When the FROM part is omitted, this is inferred to b e constan t zero.

When the FOR part is omitted, this is inferred to mean ‘the rest of the arra y’.

Th us

                                                                                                       [ name FROM start ] is equiv alen t to: [ name FROM start FOR ( SIZE name

) - start ]

14 RESHAPING arra ys

14.1 Description

Pro vide a new op erator RESHAPES , with similar syn tax to RETYPES . P ermit an

arra y item to b e RESHAPE d in to an arra y of the same base t yp e, where one

or more dimension has a size whic h is v ariable, pro vided that the total size is

still equal to the size of the righ t-hand-side. The n um b er of dimensions of the

left-hand-side do es not need to b e iden tical to that of the righ t-hand-side.

14.2 Rationale

This allo ws ‘re-shaping’ arra ys in to other shap es. This is useful when an arra y

is a v ailable as a ‘scratc h area’, but m ust b e used as a temp orary arra y of a

differen t shap e.

Note that the use of the w ord RESHAPES rather than RETYPES is b ecause

this construct do es not rely on bit pattern ‘punning’, etc, it relies purely on the

(do cumen ted) la y out of arra ys as con tiguous regions of memory . As suc h, the

use of RESHAPES do es not mak e a program non-p ortable.

14.3 Syn tax

definition = sp e cifier name RESHAPES element :

= | VAL sp e cifier name RESHAPES element :

New k eyw ords: RESHAPES .

14.4 Seman tics

The compiler will calculate the size of the RESHAPE b y m ultiplying together the

sizes of all kno wn dimensions, whether they are constan t or v ariable. One ‘op en’

dimension is p ermitted.

It is in v alid if the base t yp e of the new arra y is not the same as the base

t yp e of the old arra y .

It is in v alid if the size of the new arra y sp ecified is not equal to that of the

old.

As in the curren t implemen tation of RETYPES , it is an error if an y dimension

of an arra y cannot fit in an INT . In some cases, this will require a run-time

c hec k.

15 Scoping of PR OTOCOL tags

15.1 Description

The tags used in a v arian t PROTOCOL are curren tly included as globally visible

names. Since these cannot b e used except in a comm unication, they could b e

scop ed in to a priv ate namespace for eac h PROTOCOL (ak a RECORD s).

This w ould b e an up w ards-compatible c hange, and w ould not affect an y

purely-o ccam co de.

15.2 Rationale

This is prop osed to simplify the writing of programs with man y proto cols, and

to pro vide consistency with record field names (see section ?? ).

This prop osal is included directly from Geoff Barrett’s w ork on o ccam 3.

See section 6.4.4 of the draft Occam3 Reference Man ual dated 23/3/1992.

15.3 Syn tax

No c hanges.

15.4 Seman tics

PROTOCOL tags are not visible to the programmer, except in certain con texts:

• As part of a c hannel output expression.

• As part of a tagged c hannel input expression.

• As part of a v arian t c hannel input expression.

In eac h case, the scoping of the tag is determined from the proto col of that

c hannel.

15.5 Other p oin ts

There is an existing undo cumen ted abilit y to read PROTOCOL tag v alues as if

they w ere BYTE constan ts. This will not b e supp orted in o ccam 2.5.

16 Constan t fold ‘single-line’ FUNCTIONs

16.1 Description

Sp ecify that ‘single-line’ FUNCTION s ma y b e used where compile-time constan ts

are required, when all parameters and free v ariables are compile-time constan ts.

16.2 Rationale

P ermits b etter abstraction for the programmer.

16.3 Syn tax

No c hanges.

16.4 Seman tics

W e m ust extend the definition of ‘compile-time constan t’ to include appropriate

(‘single-line’)

FUNCTION s.

(W e probably ha v e to first establish what the existing rules are for ‘compile-

time constan t’.)

17 INLINE routines

17.1 Description

The k eyw ord INLINE ma y b e used in conjunction with PROC and FUNCTION as

a hin t to the compiler that a routine should b e inlined. The compiler is not

r e quir e d to actually supp ort this, but it should accept the k eyw ord.

This enhancemen t has previously b een implemen ted in INMOS’s o ccam 2

compilers.

17.2 Rationale

P ermits b etter abstraction for the programmer.

17.3 Syn tax

definition = { 1 , typ e } [ INLINE ] FUNCTION name ( { 0 , formal } )

function.b o dy

:

| { 1 , typ e } [ INLINE ] FUNCTION name ( { 0 , formal } ) IS expr ession.list :

| [ INLINE ] PROC name ( { 0 , formal } )

pr o c e dur e.b o dy

:

New k eyw ords: INLINE .

17.4 Seman tics

The compiler is advised b y the programmer that this routine is a go o d candidate

for ‘inline expansion’ whereev er that routine is called. The seman tics of the call

are otherwise iden tical to an y normal call.

Note that the de clar ation of the routine is mark ed with the k eyw ord, but

eac h c al l site is affected.

18 Channel RETYPEing

18.1 Description

Channels ma y b e RETYPE d to and from c hannels of a differen t proto col.

This enhancemen t has previously b een implemen ted in INMOS’s o ccam 2

compilers.

18.2 Rationale

This is sometimes required when accessing sp ecific hardw are, in a similar manner

to data RETYPES .

18.3 Syn tax

No c hanges.

18.4 Seman tics

A c hannel ma y b e RETYPE d to another c hannel of a differen t proto col. VAL

RETYPES are not p ermitted.

19 Channel constructors

19.1 Description

Arra ys of c hannels ma y b e constructed out of a list of other c hannels.

This enhancemen t has previously b een implemen ted in INMOS’s o ccam 2

compilers.

19.2 Rationale

This mak es it easier to use ’generic’ routines whic h manipulate arra ys of c han-

nels, from existing individual c hannels.

19.3 Syn tax

No c hanges.

19.4 Seman tics

A c hannel constructor creates an arra y of c hannels out of existing c hannels. The

arra y ma y b e subscripted, etc, and used lik e an y other arra y of c hannels. All

c hannels in the arra y m ust b e used in the same direction.

20 PR OTOCOL name IS ANY

20.1 Description

The anarc hic proto col ANY ma y no w b e sp ecified as part of a named, sequen tial,

or v arian t PROTOCOL . It indicates that a single data item of an y t yp e ma y b e

comm unicated as part of that proto col.

This enhancemen t has previously b een implemen ted in INMOS’s o ccam 2

compilers.

20.2 Rationale

This p ermits a programmer to distinguish effectiv ely and securely b et w een t w o

differen t anarc hic proto cols, b y giving them differen t proto col names.

20.3 Syn tax

simple.pr oto c ol = ANY

20.4 Seman tics

A single comm unication of t yp e ANY on a c hannel as part of a larger comm u-

nication of named proto col is treated exactly lik e that of a CHAN OF ANY , as

describ ed in section 4.3.5 of the o ccam 2 Reference Man ual.

21 Allo cations

21.1 Description

A l lo c ations m ust b e written immediately after the declaration to whic h they

refer.

Note: This is a c hange from strict o ccam 2 b eha viour. Ho w ev er, a minor

source co de edit will alw a ys p ermit the co de to b e accepted.

21.2 Rationale

The o ccam 2 Reference Man ual do es not place an y constrain ts on the lo cation

of an al lo c ation when it describ ed them in section A.3. W e prop ose to enforce

that the allo cation is written immediately after its referenced declaration. This

ensures that a compiler can pro cess the allo cation b efore pro cessing an y uses of

that declaration.

21.3 Syn tax

No c hange.

21.4 Seman tics

An al lo c ation m ust o ccur immediately after the declaration to whic h it refers.

The only in terv ening syn tactic en tities whic h ma y o ccur are other al lo c ation s of

names declared in the same de clar ation .

22 Coun ted arra y input

22.1 Description

The seman tics of coun ted arra y input are not exactly the same as those describ ed

in the o ccam 2 Reference Man ual. A coun ted arra y input of the form

message ? len :: buffer

is no longer p ermitted to refer to the len as part of the expression buffer .

Note: This is a c hange from strict o ccam 2 b eha viour.

22.2 Rationale

This mak es it p ossible to treat the input as a single input, whic h comm unicates

the data and the length of the data as a single item.

22.3 Syn tax

No c hange.

22.4 Seman tics

message ? len :: buffer

This input receiv es an in teger v alue whic h is assigned to the v ariable len ,

and that n um b er of comp onen ts, whic h are assigned to the first comp onen ts of

the arra y buffer . The assignmen ts to len and buffer happ en in parallel and

therefore the same rules apply as for parallel assignmen t. That is, the name len

ma y not app ear free in buffer , and vice v ersa.

22.5 Bac kw ards compatibilit y

As a concession to bac kw ards compatibilit y , the compiler p ermits comm unica-

tions of the form:

channel.exp ? name :: [ arr ay.exp FROM 0 FOR name ]

These are transformed in to the equiv alen t form:

channel.exp ? name :: arr ay.exp

23 F uture directions

23.1 CHAN OF ANY

CHAN OF ANY should b e considered obsolete; it should b e replaced b y a named

PROTOCOL (whic h ma y b e of t yp e ANY ), to giv e greater securit y . See section ?? .

23.2 Coun ted arra y input

The abilit y to name the length of a coun ted arra y input as the length of the

receiving buffer is obsolescen t. The programmer should rewrite the statemen t

using the equiv alen t form. See section ?? .