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1 In tro d u ct ion

On Ju n e 1st, 1996, t h e lon g aw ait e d st an d ard for t h e programmin g lan guage Mo d ula-2 h as b een pu b-

li sh e d as ISO/IEC 10514-1. In t hi s art icle w e will giv e som e bac kgrou n d on t h e pro ce s s of st an d ard-

iza t ion of t h e lan guage an d di scus s som e of t h e fu t ure act ivit ie s of ISO/IEC JTC1/SC22/W G13, t h e

w or kin g group act iv e a t st an d ardizin g Mo d ula-2. An accompan yin g art icle [9 ] will giv e an o v erview

of t h e mo st imp ort an t clar i�ca t ions, c h an ge s an d addit ions t o t h e lan guage.

Th e lan guage Mo d ula-2 w as or igin ally d e�n e d in an ETH rep ort [21 ]. La t er d e�nit ions can

b e fou n d in t h e rep ort s ect ions of t h e v ar ious e dit ions of `Programmin g in Mo d ula-2' (`PIM'), t h e

m ain b o ok a b ou t t h e lan guage t h a t w as wr it t en b y Nikla us Wirt h [22 , 23, 24 ]. Unfort u n a t ely , t h e s e

d e�nit ions di�ere d som ewh a t an d w ere incomp let e an d/or am biguous in som e d et aile d are as. An

o v erview of prob lems an d di�erence s h as b een giv en in [3 ]. As a re sul t f rom t h e s e di�erence s

compilers st art e d t o div erge, pro vidin g t h e imp et us for st an d ardiza t ion. On e of t h e t asks of a

st an d ardiza t ion group i s t o id en t ify t h e s e prob lems an d try t o pro d u ce a `b et t er' d e�nit ion.

Early in t h e st an d ardiza t ion pro ce s s W G13 d ecid e d t o us e n a t ural lan guage (En gli sh) as w ell as

a form al lan guage (VDM-SL) t o pro vid e a preci s e d e�nit ion of t h e lan guage.

In s ect ion 2 w e will giv e a sh ort o v erview of t h e st an d ard an d sh o w h o w t h e us e of VDM-SL h as

h elp e d us t o giv e a m u c h more preci s e m e anin g t o t h e constru ct s in t h e lan guage Mo d ula-2.

Beca us e of t h e us e of VDM-SL, c h ec kin g t h e st an d ard b ecam e a n ece s s it y . Sect ion 3 will giv e

som e d et ails.

Sect ion 4 will giv e som e d et ails a b ou t exi st in g ISO-comp lian t compilers.

No dou bt it will h a v e b een not ice d b y t h e re ad er t h a t pro d u cin g t hi s st an d ard h as t ak en a lon g

t im e, if not a t o o lon g t im e. Sect ion 5 will exp lain wh a t w e le ar n e d an d sh o w som e of t h e di�cul t ie s

encou n t ere d.

Sev eral addit ion al ext ens ions t o t h e lan guage h a v e b een pro p o s e d, an d W G13 h as t ur n e d som e

of t h em in t o `addit ion al w or k it ems'. Th e s e will b e d e scr ib e d br ie
y in s ect ion 6.

Fin ally , s ect ion 7 will conclud e t hi s pap er.



2 A quic k lo ok a t t h e st an d ard

2.1 VDM-SL

VDM-SL [6] i s a mo d el or ien t e d sp eci�ca t ion lan guage bas e d on d enot a t ion al s em an t ics [18 , 19]. It s

d ev elo pm en t st art e d a t t h e Vienn a La b ora t or ie s of IBM arou n d 1970 as Vienn a De�nit ion Lan guage

[8]. It w as d ev elo p e d in t o MET A-IV b y Bj�r n er an d Jon e s an d us e d for t h e part ial d e�nit ion of

s ev eral programmin g lan guage s [1 ]. Th e lan guage w as la t er ext en d e d b y Jon e s t o a more gen eral

soft w are d ev elo pm en t m et h o d [6 ]. Curren t ly VDM-SL i s also su b ject t o in t er n a t ion al st an d ardiza t ion

u n d er ISO direct iv e s [11 ].

Usually , a lan guage d e�nit ion i s expre s s e d us in g a syn t ax sp eci�ca t ion not a t ion (e.g. EBNF)

an d n a t ural lan guage t o d e scr ib e b ot h t h e st a t ic s em an t ics (norm ally c h ec k e d a t compile t im e)

an d t h e dyn amic s em an t ics (t h e `m e anin g' of t h e program, compu t e d a t ru n t im e). Su c h n a t ural

lan guage d e�nit ions are impreci s e an d am biguous b y t h e ir n a t ure. F orm al sp eci�ca t ions can v ast ly

impro v e t h e preci s ion of a d e�nit ion. Sect ion 2.2 will giv e an examp le compar in g a n a t ural lan guage

sp eci�ca t ion wit h a form al sp eci�ca t ion wr it t en in t h e d enot a t ion al sp eci�ca t ion lan guage VDM-SL.

F ully in tro d u cin g VDM-SL w ould not b e ap pro pr ia t e for t hi s pap er. Th erefore, w e will only giv e

a sh ort d e scr ipt ion of t h e stru ct ure of su c h a sp eci�ca t ion.

Th e or igin al Rep ort s d e�n e t h e concret e syn t ax of Mo d ula-2 in a v ar ian t of EBNF, while t h e

St an d ard us e s a di�eren t on e [2 ]. As in compiler constru ct ion an a b stract syn t ax i s d er iv e d f rom t h e

concret e on e. Thi s a b stract syn t ax i s us e d as t h e bas i s for t h e ot h er part s of t h e form al d e�nit ion.

Th e d e�nit ion cons i st s of t w o m ain part s: t h e d e�nit ion of t h e st a t ic s em an t ics, usually calle d W ell-

F orm e dn e s s cla us e s ( wf-pr e dic ates ) an d t h e d e�nit ion of t h e dyn amic s em an t ics (M e anin g fu nct ions

( m-clauses )).

In d enot a t ion al s em an t ics t h e m e anin g of a lan guage constru ct i s d e�n e d in t erms of t h e m e anin g

of it s const it uen t part s. Thi s pro ce s s recurs t o t h e lo w e st lev el wh ere t h e m e anin g of a program

i s expre s s e d in t erms of m a t h em a t ical en t it ie s lik e s et s, m ap s an d s equence s. Sect ion 2.2 giv e s t h e

st a t ic s em an t ics of t h e F OR st a t em en t ( wf-for-statement ), expre s s e d in calls t o fu nct ions c h ec kin g

(su b-)part s of t h a t st a t em en t.

2.2 An examp le

As an examp le of t h e preci s ion on e can ac hiev e us in g a form al m et h o d w e pre s en t an excerpt f rom

t h e d e�nit ion of t h e F OR st a t em en t as giv en b y Wirt h [23 ] an d t h e w ay t hi s h as b een h an dle d in

t h e form al d e�nit ion.

Th e for st a t em en t in dica t e s t h a t a st a t em en t s equence i s t o b e rep e a t e dly execu t e d while

a progre s s ion of v alue s i s t o b e as s ign e d t o a v ar ia b le. Thi s v ar ia b le i s calle d t h e c ontr ol

variable of t h e for st a t em en t. It cannot b e a comp on en t of a stru ct ure d v ar ia b le, it

cannot b e imp ort e d, nor can it b e a param et er. It s v alue sh ould not b e c h an ge d b y t h e

st a t em en t s equence.

...

Th e for st a t em en t

FOR v := A TO B BY C DO SS END

expre s s e s execu t ion of t h e st a t em en t s equence SS wit h v su cce s s iv ely as su min g t h e v alue s

A, A+C, A+2C, ..., A+nC, wh ere A+nC i s t h e last t erm not excee din g B. v i s calle d



t h e con tro l v ar ia b le, A t h e st art in g v alue, B t h e limit, an d C t h e increm en t. A an d B

m ust b e as s ignm en t compa t ib le wit h v; C m ust b e a const an t of t yp e INTEGER or

CARDINAL. If no increm en t i s sp eci�e d, it i s as su m e d t o b e 1.

It can b e s een t h a t t hi s form al d e�nit ion i s (i) incomp let e wit h re sp ect t o t h e t yp e of t h e lo o p

v ar ia b le an d t h e allo w e d t yp e s of t h e init ial an d �n al expre s s ion (whic h are in f act calle d t h e st art in g

v alue an d t h e limit an d could am biguously b e cons id ere d not t o b e expre s s ions), (ii) do e s not st a t e

wh et h er it i s p o s s ib le t o exp ort a lo o p con tro l v ar ia b le, an d (iii) u ncle ar a b ou t t h e preci s e m e anin g

of `it s v alue sh ould not b e c h an ge d'.

Th e w ay t hi s h as b een m ad e more preci s e us in g VDM-SL will b e giv en h ere wit h ou t m u c h

exp lan a t ion. Th e re ad er i s referre d t o b o oks a b ou t VDM-SL [4 , 6 , 11].

1.0 wf-for-statement : F or-statement ! Envir onment ! B

.1 wf-for-statement ( F or-statement ( id ; initial ; �nal ; step ; b o dy )) �

4

.2 is-simple-identi�er ( id ) � ^

.3 let typ e = t-entir e-designator ( Entir e-designator ( id )) � in

.4 is-or dinal-typ e ( typ e ) � ^

.5 wf-expr ession ( initial ) � ^

.6 wf-expr ession ( �nal ) � ^

.7 wf-expr ession ( step ) � ^

.8 is-assignment-c omp atible ( typ e ; t-expr ession ( initial ) � ) � ^

.9 is-expr ession-c omp atible ( host-typ e-of ( typ e ) �; t-expr ession ( �nal ) � ) � ^

.10 is-c onstant-expr ession ( step ) � ^

.11 let styp e = t-expr ession ( step ) � in

.12 is-whole-numb er-typ e ( styp e ) � ^

.13 let by = evaluate-c onstant-expr ession ( step ) � in

.14 wf-step-r ange ( by ) ^

.15 wf-statement-se quenc e ( b o dy ) � ^

.16 : is-thr e atene d-in-statement-se q ( id ; b o dy ) �

annot a t ions Ch ec k e ac h of t h e comp on en t s of t h e for st a t em en t. Th e c h ec k t h a t

t h e con tro l v ar ia b le i s d eclare d in a v ar ia b le d eclara t ion part of t h e b lo c k t h a t con t ains t h e

for st a t em en t i s part of t h e cons i st ency c h ec k for t h e pro ce d ure, fu nct ion, or mo d ule t h a t

con t ains t h e for st a t em en t.

end annot a t ions

Th e cla us e Its value should not b e change d ... h as b een t h e su b ject of h e a t e d d e ba t e s in W G13.

Th e d eci s ion t h a t cam e ou t of t hi s di scus s ion i s t h a t t hi s t e st i s no w ob liga t ory (not e t h e call of t h e

fu nct ion : is-thr e atene d-in-statement-se q ( ::: ) whic h p erforms t hi s c h ec k).

Th e dyn amic s em an t ics (not giv en h ere) st a t e t h a t t h e v alue of t h e con tro l v ar ia b le sh all b e

u n d e�n e d aft er t h e F OR st a t em en t h as b een left; t hi s ev en h o lds wh en t h e F OR st a t em en t i s enclo s e d

in a LOOP st a t em en t an d t h e b o dy of t h e F OR st a t em en t con t ains an EXIT st a t em en t whic h ca us e s

t h e lo o p t o b e left prem a t urely .



3 T e st in g

Thi s s ect ion d e scr ib e s t w o i s sue s rela t e d t o v er ifyin g t h e con t en t s of t h e st an d ard: c h ec kin g t h e

correctn e s s of t h e form al d e�nit ion an d sp ecifyin g so-calle d minim al requirem en t s cla us e s.

3.1 T e st in g t h e st an d ard

As exp lain e d b efore, t h e st an d ard con t ains a large amou n t of VDM-SL: ap pro xim a t ely 200 t yp e d ef-

init ions, 1800 fu nct ion an d o p era t ion d e�nit ions an d som e 20,000 lin e s of VDM-SL co d e. Ob viously ,

lik e wr it in g a program, wr it in g su c h a form al d e�nit ion i s an error-pron e pro ce s s. Th erefore t h ere

i s a stron g n ee d for m ec h anical c h ec kin g.

Concurren t wit h t h e d ev elo pm en t of t h e Mo d ula-2 st an d ard, t h e form al d e�nit ion of t h e VDM-SL

lan guage it s elf w as also comp let e d. T o sup p ort t h e d ev elo pm en t of t h e VDM-SL, a f ron t-en d for

VDM-SL w as d ev elo p e d a t Delft Univ ers it y of T ec hno logy . Thi s f ron t-en d accept s a `program' in

VDM-SL an d p erforms lexical an d st a t ic s em an t ic an alys i s. Th e inpu t exp ect e d for su c h a f ron t-en d

i s in t h e so-calle d ASCI I syn t ax (In t erc h an ge Syn t ax) of VDM-SL.

As m ay b e s een f rom t h e examp le in s ect ion 2.2, a VDM-SL t ext m ay con t ain non-ASCI I

c h aract ers. Th e usual w ay t o comp o s e su c h a t ext, an d t h e w ay it h as b een don e in t h e st an d ard,

i s b y us in g L

a

T

E

X [7 ] an d t h e VDM-SL m acro s [5 ]. Th e �rst coup le of lin e s f rom t h e examp le h a v e

b een repro d u ce d b elo w in t h e L

a

T

E

X inpu t form a t.

\begin{vdm}

\begin{fn}[e]{wf-for-stateme nt}

\signature{For-statement \To Environment \To \Bool}

\parms*{(\reccons{For-statem ent}{id ,initia l,final, step,bo dy})\rh o}

\fnapply{is-simple-identifie r}{Id}\ rho \And ... \\

As can b e d e d u ce d f rom t h e examp le s, n e it h er t h e pr in t e d form a t nor t h e inpu t t ext len d t h em-

s elv e s w ell as inpu t t o a t o o l doin g a c h ec k of t h e VDM-SL co d e. Th e VDM-SL st an d ard [20 ]

con t ains a d e scr ipt ion of a t hird form a t expre s sly d e s ign e d for t h e purp o s e of t o o l inpu t: Th e In-

t erf ace Syn t ax (form erly calle d ASCI I syn t ax). Som e lin e s of t h e examp le are giv en in t h a t form a t

b elo w.

functions

wf_for_statement : For_statement -> Environment -> bool

wf_for_statement (mk_For_statement ( id,initial,final,step,body))( RHO) ==

is_simple_identifier ( id)(RHO) and ...

T o d er iv e a t ext in t h e In t erf ace Syn t ax it w as d ecid e d t o transform t h e D VI ou t pu t of t h e

L

a

T

E

Xsyst em in t o ASCI I b y pro ce s s in g it wit h a program calle d Dvi2Ascii , an ad apt e d v ers ion of

t h e dvitty program (s ee �gure 1). Th e pre an d p o st pro ce s sor in t h a t �gure w ere n ee d e d b eca us e

of som e sh ort comin gs of t h e Dvi2Ascii t o o l an d b eca us e of som e syn t act ic di�erence s b et w een t h e

VDM-SL as us e d in t h e Mo d ula-2 st an d ard an d st an d ard VDM-SL. A full accou n t of wh y t hi s s et-up

w as c h o s en h as b een giv en in [12 , 16 , 17 ].

All of t h e VDM-SL sp eci�ca t ions in t h e Mo d ula-2 st an d ard h a v e b een t e st e d for syn t act ical

accuracy an d s em an t ic constrain t s. Th anks t o t h e gre a t d e dica t ion of t h e pro ject e dit or an d t h e us e

of t h e L

a

T

E

X m acro s only a mo d e st n u m b er of errors w as fou n d.

Unfort u n a t ely , lac k of fu n din g prohibit e d doin g a comp let e t yp e c h ec k an d d er ivin g a Mo d ula-2

in t erpret er f rom t h e form al d e�nit ion.
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Figure 1: T o o l s et-up

3.2 Sp ecifyin g minim al requirem en t s cla us e s

A form al d e�nit ion preci s ely sp eci�e s t h e syn t ax an d s em an t ics of a Mo d ula-2 program. Ho w ev er,

t h ere are v ar ious kin ds of limit a t ions in pract ical compilers whic h can not b e t ak en in t o accou n t in

t h e form al d e�nit ion. Su c h limit a t ions mo st ly re sul t f rom constrain t s in bu�er s ize s, whic h in t ur n

m ay re sul t f rom limit a t ions in t h e u n d erlyin g arc hit ect ure (e.g. 64K b ou n d ar ie s). Tw o examp le s

of su c h limit a t ions are: t h e minim al len gt h of a str in g lit eral a compilers n ee ds t o accept, an d t h e

minim al n u m b er of n e st e d constru ct s a compiler n ee ds t o accept. A s et of `minim al requirem en t s

cla us e s' w as d ev elo p e d. T o preci s ely d e scr ib e su c h cla us e s a no v el ap proac h w as t ak en. Eac h of t h e

cla us e s w as sp eci�e d b y a Mo d ula-2 program t h a t, wh en execu t e d, w ould gen era t e anot h er Mo d ula-2

program con t ainin g t h e sp eci�e d t e st. Th e fo llo win g examp le sh o ws a f ragm en t of t h e gen era t in g

program for n e st e d IF-THEN-ELSE-END cla us e s.

PROCEDURE GenIf (n : CARDINAL);

BEGIN

IF n = 0 THEN

GenStat;



ELSE

STextIO.WriteString ("IF b");

SWholeIO.WriteCard (n, 1);

STextIO.WriteString (" THEN");

STextIO.WriteLn;

GenIf (n-1);

STextIO.WriteString ("ELSE");

STextIO.WriteLn;

GenIf (n-1);

STextIO.WriteString ("END;");

STextIO.WriteLn;

END;

END GenIf;

In ord er t o sp ecify `re ason a b le' v alue s a large n u m b er of compilers w as t e st e d [14 , 15 ]. Th e s e

t e st s sh o w e d s ev eral u n exp ect e d re sul t s regardin g t h e capa bilit ie s of compilers t o h an dle t h e t e st

programs.

4 ISO-comp lian t compilers

In t hi s s ect ion w e will giv e som e d et ails a b ou t ISO-comp lian t compilers. Th e a u t h ors h a v e obt ain e d

t h e inform a t ion in t hi s s ect ion f rom v ar ious source s; t h ey cannot b e h eld re sp ons ib le for t h e accuracy

an d comp let en e s s of t h e inform a t ion. M en t ionin g a part icular compiler syst em do e s not const it u t e

a recomm en d a t ion of t h a t syst em b y t h e a u t h ors of t hi s pap er. As t h e inform a t ion in t hi s s ect ion

will b e quic kly ou td a t e d, t h e re ad er i s referre d t o t h e F A Q

http://www.cis.ohio-state.edu/ hyperte xt/faq/ usenet/c omputer -lang/M odula2-f aq/

part1/faq.html an d .../part2/... for up-t o-d a t e inform a t ion.

4.1 GPM

Th e Gard ens P oin t Mo d ula-2 compiler syst em h as b een d ev elo p e d b y J. Gough a t Queenslan d

Univ ers it y of T ec hno logy . Th e GPM compiler f amily b egan as a pro ject t o m ak e t h e lan guage

Mo d ula-2 a v aila b le on con t emp orary m ac hin e s; b y no w Ob eron-2 i s also a v aila b le. Th e compiler

f ron t-en ds are bas e d on t h e cre a t ion of a b stract syn t ax tree s. Na t iv e co d e bac k-en ds exi st for t h e

386/486 (SVR4, Lin ux, DJGPP , Win do wsNT an d OS/2), Sparc (So lar i s), R3000 (Ul tr ix), DEC

Alph a-AXP (OSF/1) an d RS/6000 (AIX) ran ge of syst ems. An MS-DOS v ers ion bas e d up on

in t erpret a t ion of in t erm e dia t e co d e i s also a v aila b le. Th e compiler an d librar ie s are ISO comp lian t

wit h t h e except ion of t h e d a t a t yp e s COMPLEX an d LONGCOMPLEX.

More inform a t ion m ay b e obt ain e d a t http://www.fit.qut.edu.au/Com pSci/PLA S/GPM .

4.2 XDS

Th e xT ec h Dev elo pm en t Syst em (XDS) i s a programmin g syst em for Mo d ula-2 an d Ob eron-2.

Th e sam e programmin g en vironm en t i s pro vid e d on all p la tforms ran gin g f rom MS-DOS t o Win-

do ws 95/NT an d Unix. An XDS transla t or t o C an d an XDS n a t iv e-co d e compiler are a v aila b le. A

full s et of ISO/IEC 10514-1 librar ie s i s a v aila b le.

More inform a t ion i s a v aila b le f rom http://www.iis.nsk.su/xtech /xds .



4.3 P1

Thi s i s a full ISO/IEC 10514-1 comp lian t compiler pro d u cin g co d e for t h e 68k-bas e d A p p le Mac-

in t o sh compu t ers. A s econ d bac k-en d pro d u cin g C co d e h as also b een imp lem en t e d. A bac k-en d

for gen era t in g co d e for t h e P o w erMacs i s in prepara t ion. Except for t h e mo d ule s Sem aph ore s an d

Pro ce s s e s (whic h m ay com e wit h MacOs 8) all of t h e non-require d library mo d ule s are a v aila b le.

P1 Mo d ula-2 h as b een d e s ign e d as an MPW t o o l; t o gen era t e P o w erPC n a t iv e ap p lica t ion t h e

MPW C/C++ compiler as w ell as t h e M etro w er ks compilers are sup p ort e d.

Th e full s et of MacOs APIs i s includ e d . In non-st an d ard mo d e, ob ject or ien t e d ext ens ions are

a v aila b le.

More inform a t ion i s a v aila b le f rom t h e addre s s con t ain e d in t h e F A Q.

4.4 St on y Bro ok

Thi s syst em i s a Win do ws-95/NT h o st e d in t egra t e d d ev elo pm en t syst em (compiler, link er, librar ian,

m ak e, d e bugger et c.). A t t h e t im e of wr it in g of t hi s art icle t h e syst em i s in b et a t e st st age. Th e

comm ercial rele as e i s exp ect e d t o b e a v aila b le d ur in g t h e su mm er of 1996. Th e imp lem en t a t ion will

b e a full imp lem en t a t ion of t h e st an d ard wit h v ar ious ext ens ions (whic h can b e swit c h e d o� ). A

comp let e s et of library mo d ule s as d e scr ib e d in t h e st an d ard will b e pro vid e d. Na t iv e co d e can b e

gen era t e d for DOS, DOS32, OS/2, WIN16 an d WIN32.

F urt h er inform a t ion i s a v aila b le f rom t h e addre s s con t ain e d in t h e F A Q.

5 St an d ardiza t ion exp er ience s

Th e ISO st an d ardiza t ion pro ce s s require s a fu t ure st an d ard t o go t hrough a n u m b er of st age s (New

W or k It em NWI, Commit t ee Draft CD, Draft In t er n a t ion al St an d ard DIS an d, �n ally , In t er n a t ion al

St an d ard IS). A trans it ion t o t h e n ext st age can b e m ad e aft er a su cce s sful in t er n a t ion al v ot e h as

t ak en p lace. Th e wh o le pro ce s s t ak e s four y e ars, a t a minim u m. Th e pro ce s s i s bas e d up on t ec hnical

exp ert s m eet in g e ac h ot h er in p erson, tryin g t o re ac h cons ensus on t h e t ec hnicalit ie s of t h e fu t ure

st an d ard.

1

Unfort u n a t ely , it i s ill-d e�ne d wh a t cons ensus m e ans. While t h e s e t ec hnical exp ert s are

nomin a t e d b y Na t ion al Bo die s (e.g. NNI, ON, DIN, ANSI/IEEE), t h e ir t ec hnical o pinion m ay not

b e t h e sam e as t h e ir Na t ion al Bo die s' o pinion.

In t h e id e al s it ua t ion m em b ers of a w or kin g group are us ers of t h e lan guage, p eo p le h a vin g a

comm ercial in t ere st in t h e lan guage (lik e compiler build ers) an d acad emics us in g t h e lan guage for

t e ac hin g or acad emic re s e arc h. In t h e usual cas e h o w ev er, t h e us ers are mi s s in g.

Unfort u n a t ely , t h ere are no ob vious cr it er ia for o pt im alit y of lan guage constru ct s an d so on e

�n ds s ev eral con tradict in g in t ere st s lik e e as e of us e/e as e of le ar nin g, common alit y wit h constru ct s

in ot h er lan guage s (e as e of swit c hin g), safet y , ort h ogon al lan guage d e s ign an d t im e t o m ar k et, all

le adin g t o lon g an d h e a t e d di scus s ions.

In t h e lon g d ura t ion of t h e st an d ardiza t ion pro ce s s som et im e s p eo p le lo s e in t ere st, ev en get

di sap p oin t e d, get ill or c h an ge job s. W G13 m em b ers h a v e b een t hrough som e of t h e s e t hin gs, non e

of whic h con tr ibu t e d t o a quic k re aliza t ion of t h e st an d ard.

1

M ean while, more e�ect iv e st an d ardiza t i on pro ce d ure s are p oss ible; also em ail corre sp on d ence i s m u c h more com-

mon no w.



6 F urt h er w or k

W G13 w or ks on a n u m b er of t o pics aim e d a t ext en din g t h e lan guage an d/or t h e librar ie s. In t hi s

s ect ion w e will giv e a sh ort in tro d u ct ion t o e ac h of t h em. A gen eral precon dit ion t o lan guage ext en-

s ions i s t h a t t h ey sh ould rem ain as clo s e as p o s s ib le t o t h e or igin al goals an d st yle of t h e lan guage.

Addit ion ally , no exi st in g programs whic h adh ere t o t h e bas e st an d ard sh ould b e in v alid a t e d. W G13

h as t ak en u t mo st care t o comp ly wit h t h e s e requirem en t s. Ple as e not e t h a t t h e it ems d e scr ib e d h ere

are u n d er d ev elo pm en t an d h a v e not y et b een agree d up on in an y o�cial ISO v ot in g pro ce s s (except

for t h e cre a t ion of t h e pro ject s), so t h ey m ay b e su b ject t o c h an ge or ev en d elet ion.

W G13 m ain t ains a WWW h om e page lo ca t e d a t http://sc22wg13.twi.tude lft.nl/ . Thi s

h om e page giv e s acce s s t o curren t do cu m en t s an d t h e F A Q. Curren t do cu m en t s are also a v aila b le

via anon ymous ft p f rom dutiba.twi.tudelft.nl in t h e direct ory /pub/wg13/ . Ple as e not e t h a t

t hi s i s all co p yr igh t e d m a t er ial. F urt h ermore, ISO rule s re str ict t h e acce s s ibilit y of an y m a t er ial as

so on as it h as re ac h e d t h e DIS (Draft In t er n a t ion al St an d ard) st a t us.

6.1 Ob ject or ien t a t ion

Mo d ula-2 w as in t en d e d t o b e a Syst ems Programmin g Lan guage, whic h m e an t an emph as i s on e�-

ciency an d acce s s t o m ac hin e f acilit ie s. Nev ert h ele s s, t h e us e of Mo d ula-2 for gen eral programmin g

an d t e ac hin g n ece s s it a t e d an ext ens ion wit h fe a t ure s for ob ject or ien t e d programmin g.

Th e OO mo d el c h o s en adds clas s e s as a n ew syn t act ic constru ct. All ob ject s are acce s s ib le via

reference s only . Th e inh er it ance m ec h ani sm c h o s en i s s in gle inh er it ance, m ul t ip le ro ot s. Addit ion-

ally , syn t ax an d s em an t ics for safe/u nsafe mo d ule s an d trace d/u n trace d v ar ia b le s as w ell as garbage

co llect ion h a v e b een d ev elo p e d (� a la Mo d ula-3 [10 ]).

6.2 Gen er ic f acilit ie s

Th e lac k of a f acilit y for gen er ic programmin g h as so f ar h amp ere d full exp loit a t ion of Mo d ula-2.

Th e mo d el c h o s en for in tro d u cin g gen er ics in t o Mo d ula-2 i s bas e d up on so-calle d Gen er ic De�ni-

t ion Mo d ule s an d Gen er ic Imp lem en t a t ion Mo d ule s whic h are re�n e d in t o regular d e�nit ion an d

imp lem en t a t ion mo d ule s us in g re�nin g d e�nit ion an d imp lem en t a t ion mo d ule s. Lo cal mo d ule s m ay

also b e re�n e d. Not e t h a t t h e t erm `re�n em en t' w as c h o s en for gen er ics b eca us e `inst an t ia t ion' w as

alre ady in us e b y t h e OO ext ens ions. T yp e s an d const an t s m ay b e us e d as gen er ic param et ers,

whic h re sul t s in f acilit ie s s imilar t o t h o s e pro vid e d b y C++.

6.3 Bin din gs

On e of t h e f act ors d et erminin g t h e su cce s s of a lan guage i s t h e n u m b er of ap p lica t ion p la tforms it

can acce s s, or in more mo d er n t ermino logy t h e n u m b er of APIs (X11, CORBA, POSIX, Win do ws,

...) t h a t i s acce s s ib le. First, a s et of mo d ule s pro vidin g acce s s t o t h e POSIX API [13] w as d ev elo p e d,

bu t u nfort u n a t ely t h e W G m em b er in c h arge of t hi s pro ject h ad t o wit h draw f rom t h e s e act ivit ie s.

It w as quic kly re alize d t h a t pro vidin g in t erf ace s t o ev ery a v aila b le API w ould b e imp o s s ib le.

On t h e ot h er h an d it w as not e d t h a t curren t ly mo st of t h e API sp eci�ca t ions are pro vid e d in t h e C

lan guage. Th erefore it w as cons id ere d more e�cien t t o d ev elo p a s et of guid elin e s for bin din gs t o

APIs d e�n e d in t h e C lan guage. Th e s e guid elin e s will proba b ly b e pu b li sh e d as a t ec hnical rep ort.



6.4 Pragm as

Curren t ly , t h e st an d ardize d syn t ax allo ws pragm as (compiler direct iv e s) t o b e ins ert e d in program

t ext s, bu t do e s not giv e an y s em an t ics t o t h em. P ort a bilit y of programs w ould b en e�t f rom a

st an d ard s et of pragm as. A w or kin g pap er i s curren t ly u n d er cons id era t ion in W G13.

6.5 Ot h er w or k it ems

Tw o ot h er w or k it ems (`F urt h er sup p ort for concurren t programmin g' an d `Sup p ort for comm ercial

programmin g in Mo d ula-2') h a v e lit t le sup p ort a t t h e mom en t, an d a t it s recen t m eet in g, t h e w or kin g

group d ecid e d t o ask for t h e ir t ermin a t ion.

7 Conclus ion

Giv en t h a t t h e examp le in s ect ion 2.2 p ert ains t o just a v ery sm all part of t h e lan guage, an d

cons id er in g t h e v ar ious prob lems d e scr ib e d in s ect ion 5, it will no w h o p efully b e cle arer t o t h e

re ad er wh y t h e d ev elo pm en t of t h e st an d ard t o ok so lon g. Ho w ev er, t hi s u n d erst an din g sh ould not

t ur n in t o re s ign a t ion a b ou t p o s s ib le in ad equacie s of t h e st an d ardiza t ion pro ce s s. Th e a u t h ors st ill

feel t h a t programmin g lan guage st an d ards are n ece s sary , an d t h a t t h e re sul t for Mo d ula-2 w as w ort h

t h e e�ort.

In t ere st in gly , prob lems t en d t o sh o w in p lace s wh ere on e w ould not h a v e exp ect e d t h em a t �rst,

e.g. in tryin g t o d e�n e t h e t erm `cons ensus' b efore b e in g a b le t o re ac h on e. Ha vin g said t h a t, t hi s i s

proba b ly on e of t h e p oin t s t h a t can not b e addre s s e d b y guid elin e s. Inst e ad, t h e su cce s s or f ailure

of a pro ject in in t er n a t ion al st an d ardiza t ion (as in ot h er are as) largely d ep en ds on in divid uals an d

t h e ir e�ort s t o try t o u n d erst an d ot h er p eo p le's views, as w ell as t h e ir willin gn e s s t o pu t w or k in t o

pro p o sals t h a t m ay in t h e en d not �n d cons ensus an d b e dro p p e d again.

Th e a u t h ors gra t efully ac kno wle dge t h e con tr ibu t ions of m an y co lle ague s, in part icular t h e form er

W G13 con v enors Roger Henry an d Mar k W o o dm an, t h e con v enor of t h e VDM-SL w or kin g group

an d a u t h or of large part s of t h e VDM-SL in t h e Mo d ula-2 st an d ard Derek An drews, t h e e dit or of

t h e �rst draft Don W ard, an d ev ery on e wh o h as en d ure d in t h e lon g an d som et im e s t e dious pro ce s s

of st an d ardizin g Mo d ula-2.
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