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1. INrrRODUC;TlON 

Duri11g tl1e l)ast ter1 yea1·s cor1siderable progr·ess l1its 1)een 111acle towar·ds 
t,l1e auto111at,ic: ger1e1·atior1 c)f i11t,e1·act,ive J)1·og1·a111111ir1g/ clevel()J)t11e11t er1viro11-
r11e11t.s 011 t.l1e basis C)f a f'or·rr1al defi11ition of S()111e IJrogra111111ing or specifica
t,io11 la11gt1age. l11 111ost cases, 1·esea1·c~l1 l1c1s foc:t1secl c)rr t.lre ft111ctio11ality and 
effic:ier1cy of tl1e ge11erated e11viro11.111e11t.s. Tl1ese ar·e tlre key qualit,y fc1ctor·s 
wl1ich will ultin1ately cleter111ir1e tl1e ac<.~e1)ta11c~e of e11viro11111ent generators. 
011ly r11ar·gi11c1l atter1tio11 l1as l)ee11. J)aid to tl1e act11al developrnent, pr·ocess 
of f'or111c1l la11guage dt;finitio11s. Assu111i11g tl1e c1uality of autor11atically gen-
er·ated e11viro11111ents to l)eC'.0111e satisfac-,t.or·y witl1i11 a few yea.rs, t,he cost 317 
of developi11g for·1r1al la11gt1age defi11it,io11s will tl1e11 rJecon1e tl1e 11ext li111it,-
ing f·acto1· deter111ir1i11g tl1e ulti11·1ate Sl1ccess ar1cl ac'.C€J)tar1c(~ of e11viro11111ent 
generator·s. 

We will b1·iefly sketc~l1 tl1e ciesig11 a11d i1111)le111e11tatio11 of et rneta-en,'t1ir·on
rrient ( a develop111e11t envi1·011111e11t for fo1·111al la11gt1age defi11it.io11s) l)asecl 011 
tl1e for111alis111 AsF.,+ SDF a11d s0111e of· its a1)JJlicat,io11s. 

2. BAC:I{C;ROUND-·-THE CENTALTR SYS'I.,Eivl 

A pr·ogrc1111111ing e11vi1·0111r1e11t. is a c:c)l1er·e11t, set c)f i11terac'.t,ive t.ools f'or· de
velopi11g arid executi11g pr·ogra111s or· SJ)ec::ific:at,ior1s i11 so111e fo1·111al la11gl1c1.ge. 
vVell-k11own exa111ples of sl1ch t,ools ar·e syr1t,ax-direc'.t.ecl editor·s, i11t,e1·1)1·ete1·s, 
debt1gger·s, c:ode ge11e1·at.01·s, a11d JJ1·ett,y·1J1·i11te1·s. P1·ogra111111i11g e11vi1·011111t~11ts 
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l1ave lJeen gener·ated auto111atically fo1· lct11g1.1ages i11 s11c~l1 (iiv<:~rse ,1p1)licatio11 
areas as pr·ograrr1n1ir1g, for111c1l spt~C'.ific·cttio11, l)I'()()f c~o11st1·11c~t,io11, text fc)r111at,
t,i11g, proc:ess co11t1·ol, a11d statisticc1l ct11alysis. All pr·ojects i11 t1l1is ar~t.")a ar·e 
basecl 011 the ass11111ptio11 t,l1at, 111a.jo1· P<tr·ts of tl1e ge11e1·at1ecl E\l1\ri1·c)111x1e11ts 
are language i11depende11t and t,l1at all lc111g11age <le1)e11cle11t. l)t11·t,s c:c111 be 
der·ivecl fro1·11 a s11itable la11g11c1ge (lefi11it,io11. 

A11 exar·1·1ple of cl ge11eral ar('.l1itect111·e for· p1·ogra111111i11g e11vir·c)11111e11t, ge11-
eratior1 is t,l1e CEN"f.t\.lJR syst.e111 wl1ic.:l1 was developecl 111c1ir1ly by INRIA 
(Fra11ce) i11 the ESPRIT GIPE pr·ojec:t, (1985-1993) i11 \vl1ich C\VI a11d tl1e 
U11iversity of Ar11sterda111 partic'.ipated. Tl1is is a set, of· ger1eric corr1ponents 
for b11ildi11g e11viron1ne11t ge11erat,or·s. Tl1e ker11el p1·ovides a r1u111be1· of useful 
data types but does 11ot, 111ake 111c1r1y ass11111ptio11s abo11t, for ir1st.a11c:e, t,l1e 
la11guc1ge defi11ition for·r11alis111 itself. It. l1as bee11 exte11ded witl1 c~o111 pilers 
for various la1·1gt1c1ge de:fi11i t.ior1 su bforr11alis111s as well as wi t.11 several i11t,e1·
acti ve t.ools. As s11cl1 CEN1"',t\lTR is a11 ext.e11sible t,oolkit rat,l1e1· tha11 a closed 
syste111. We 11sed it to 1)11ilcl t.l·1e AsF+SoF" :t\1et.a-er1viror1111e11t. 

3. THE AsF+SoF l\llETA-EN\'IRONivlENT 

Tl1e AsF+SDF Meta-e11viro11111ent [5] is a develop111ent envi1·011r11e11t for fo1·
n1al language defi11it,ions a11cl an associated p1·ogrt11r1111i11g er1viro11111e11t, ge11-
erator built 011 top of CENT.t\UR. Our researcl1, whicl1 \Vas part of the GIPE 
project n1entio11ed befo1·e, wer1t through tl1ree pl1ases: 

• Design of an integrated la11guage defi11itior1 forr11alis111 (AsF+SoF). 

• Ir11plen1e11tation of a gener·ator for ir1teractive prograr111r1i11g/ develop-
111e11t e11viror1111e11ts give11 a language de:fi11itio11 w1·it,ter1 i11 AsF+SDF. 

• Design and i1r1plerne11tatio11 of an i11teract,ive developn1e11t environ-
rnent for tl1e AsF+SnF forr11alisr11 itself. 

The result is the M eta-en·vironmerit 111e11tio11ed i11 sectior1 1 in whicl1 lan
guage definitio11s ca11 be edited, cl1ecked a11d co111piled j11st like programs 
ca11 be 111anipulated i11 a generated envir~ariment, wl1ich is an environment 
obtained by con1piling a la11guage defi11ition. Note that 'co1npili11g a lan
guage definition' a11d 'generating an e11vir·or1n1ent' are synor1yrnous in our 
ter1ninology. Botl1 the generator itself and the I\1eta-er1vironme11t have been 
i111ple1ne11ted 011 top of the CENTAUR syste1r1. 

Figure 1 shows the over·all organizatio11 of Ollr syste111. First of all, we 
rnake a distinctior1 betwee11 tl1e A1 eta-en.vir·onment and a gener··ated environ
ment. In tl1e Meta-e11vironn1er1t we distir1guish: 

• A language defir1ition (in AsF+SDF) co11sisti11g of a set of n1odules 
M1, ... ,Mn. 
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Figure 1. Global organization of the AsF+SDF Meta-environment. 

• Tl1e e11vir·on111e11t ger1erator itself, whicl1 consists of thr·ee con1po11e11ts: 
a Module Jv1ar1ager (rv1J\1) cont1·ollir1g t.l1e overall pr·ocessing of' the rnod
ules i11 the lar1guc:1.ge definitio11, tl1e Syr1t,ax 1\1a11ager· ( S?-v1) cor1trolling 
all syntact,ic aspects, and t,he Equation Iv1anager ( EQM), taking car·e 
of all se111a11tic aspec'.ts of tl1e la11gt1age defi11itior1. 

The ot1tput of the envir·onn1ent generat,or is used in c:onju11ction ,vitl1 GSE 

(Generic Sy11tax-directed Editor), a gener·ic building block which we use i11 
generated e11viror1ment,s. GsE 11ot only st1pports text-oriented and syntax
oriented editing operations 011 pr·ogran1s but ca11 also be exter1ded by attach
i11g 'external tools' which perform oper·atior1s 011 the edited progra111 such as 
checking and evalt1ation. Tl1e 111ain inputs to the Generic Sy11tax-directed 
Edit.or ar·e: 

• A prograrr1 text P. 

• The 1nodules defi.11ing the syntax of P. 

• Co11nections with exter11al tools. 

As both the syr1tax descriptio11 of P and the defir1itior1 of exter·nal tools 
111ay be distributed over several n1odules, we are faced with the problen1 of 
ma11aging several sets of syntax rules arid equations si1nulta11eously. One 
of the n1ajo1· contr·ibutions of the AsF+SDF Meta-er1vironn1e11t is tl1at the 

319 



sy8 t.e111 is S<) i11 te1·ac·t i ve c111cl 1·<--.Sl)()11si vc) t 11,1 t. 11sc\1·s c11•c) c·c)111 l)l<~t.c~ ly l.111c1.,v,11·c of' 
t.l1e fc-ic·t t,l1at, eacl1 111c)<lifi(·c1t.io11 tl1(\Y 111,lk(J t() t.l1c·i1· l,111g11,1gc~ clc~fi11itio1L l1as 
1r1c1jor ir11 I)a<:t,s 011 tl1e g<:"'Il<'1·a.t.e(l c11 vi1·c>11111()11t,. Fc)r· i11st.,111c·c·, t.l1E" J)1•<:~s<::11c'.C~ 
of cl par·ser· ge11e1·at.01· is c·c)1-111>l<~t,c"ly i11,risil)lc~ to tl1(\ 11sc"1·. As et C'.C>11sec111E:~11c·e, 
tl1E~ syste111 is c:tlsc) aC'.C:<:---ssi l) l(' t;c) "Ilctiv·<~' 11sc~1·s ,v lie_) 11,1.v<: 11(> 1> 1·ev ic) 11s cx1)e1·i
e11c:e wit,h t.c)c)ls like sc'.a1111c?1· a11cl I>clI'St--.1· g<:111c~r·,1t<)1·s. I111J)C)1·t.rt11t. f'ctc·t,<)1·s a1·t1.: 
( 1) c111 i11t,e1~11al sy11tax tr·ec~ r·tlpr·esE~11t.at.i<.>11 (' t.c~r·111 ' - sec ll(~xt, se(:t:ic)11) c111cl cl 

l)l~et ty1)1·ir1t,e1~ fo1· t.l1e lct11gt1age ar·e clE~r·i vE~cl clll to111,1t,i(·ally f'r·c)111 t. l1e:~ lc111guc1ge 
defi11i tio11; ( 2) after I)c11·si11g, S)rr1t,c1x t,1·ees ctre l)t1il t, cl 11 t,<)111c1t,ic~ally; ( 3) t,l1e 
ge11erat,ecl sca1111er·, J)a1·se1·, tree co11str·t1ct,or cl11ci r·c~wri t.e syst;c~111 are i11t.e1·
faced at1to111ati(~a.lly. To su111111arize, sever·al J)clrt,s of tl1e ge11erat,ed i1111Jle-
111e11tatio11 are derived £1·0111 t,he lc111guage dE::fi11iti<)11, c111d t,l1e syst.e111 t,akes 
care of t,l1e i11te1·fa(~i11g of' (1,ll co1111)011e11ts of' tl1() gc~11e1·atecl e11,,iro11111e11t,. 

Tl1e i1111)le111e11t,atio11 of tl1c~ ASF'+SDf' lVIE~t,c:1-envi1·011111e11t; is l)a.sed 011 lazy/ 
,incre'11ie'n,tal r)1·og1·a111 ge11tl,l'clt,io11 [3]. 

4. TER.M RF~WRITINC; 

Ce11tr·al to our· clJ)J)roc1c:l1 is t.l1e fat'.t, tl1at we r·e1)1'(~ser1t, eve1·yt,l1i11g (i.e., pro
gr·a111s c111c1 spec:ificatio11s bei11g eclitecl) as 1111ifo1·n1 t,r·ee st1·11c~t,t11·es wl1icl1 we 
call te,,·rris. All operatio11s 011 prog1·c1111s-like (:l1cc-.kir1g a11cl c~o111piling -are 
expressed as operatio11s 011 t,l1eir u11de1·lyi11g t,e1·111 rep1·ese11tatio11. Tl1ese op
e1·atio11s lrave to l)e defi11ed i11 the la11gt1c1ge clefi11itio11 c111cl tl1ei1· exec:utio11 is 
based on term r·ewriting. Give11 s0111e i11itic1l te1·111 tc), a11 att,e111pt, is 111ade to 
apply a 1·ule in tl1e spec:ificatio11 a11cl t,1·c111sfo1·111 t.l1e i11itial ter111 i11to a new 
ter111 t 1 • Tlris p1·oc:ess is r·ei)eated u11t,il a te1·111 t,i is ol)tai11ecl to wl1icl1 no 
furt,l1er r·ule is applicable. Tl1is is tl1e 'tiorrri,al for·1rz, of tlre i11itial ter·111 ic)-

Clearly, effic'.ie11t te1·111 rewriti11g is esse11tial t,o 11s i111d we app1·oac'.l1 t,l1is 
pr·oble111 f'ron1 sever·al a11gles. Fir·st., by i11vestigati11g l1ow 1·e,v1·ite r·ules c:an be 
t1~a11slated directly to C progra111s. Tl1is wot1ld e11al)le eli111i11atio11 of r11ucl1 
of tl1e over·l1ead of te1·n1 rewriti11g (i11 1)a1·tict1la1· the sea1·c~l1 fo1· 111atc:l1ir1g 

320 rules) by perfo1·111ing a11 exte11si ve st.citic~ a11alysis of· tl1e give11 set of 1·ules. A 
first prototype of this ap1)1·oacl1, the AsF2C co1111)iler, l1as l)eer1 C'.01r1pleted 
arid yields a speed i111prove111e11t of a fac:to1· of 50-100 over· ou1· curr·e11t, 
more ir1terpr·etive, approacl·1. Set~o11clly, we l1ave i11vestigated incr·em,ental 
rewriting, a tecl111ique where p1·eviol1S ru11s of· tl1e re\v1·iti11g e11gir1e on the 
sa111e, or a slightly r11odified, te1·111 c11·e l)eir1g 1~eusecl to avoic.l 1·ewriti11g steps. 
This 111ethod is i1nporta11t, for· speedir1g UJ) ir1te1·ac:tive tools tl1at operate 
011 tern1s. A typical exa111ple is a11 i11tera.c:tive ty1)ecl-1ec:ker ope1·ati11g on a 
prograrn 1)ei11g edited by a lrser. 

Tl1e t·act that we base 011r c:c)111p11tat,io11s 011 ter111 r·ewriting gives us s0111e 
interestir1g possibilities wl1icl1 c~an be exr)loited i11 the ge11eratecl e11vi1·or1-
1r1ents. 011e of tl1er11 is or·igiri trackirig [7], wl1icl1 establisl1es li11ks between 
subterms of tihe 1101·mal fo1·111 t 11, a11d the co1·1·esr)onding subter111s ( or·igir1s) 



()f' tl1(l i11it,i,1l te1·111 f()· rl-,l1is is vit,ll i11f'()l"lll<lt,i{)ll f'<)l' i1tt(1 l',t('l,iV(1 t.(){)ls lil(('> 
(~1·1·()1' l'(~l)()I't,(:l'S ( f() cLSS(_)('iclt(' ,lll ('l'l'()l' 111(\SS,lg(• \\'it 11 cl 1>,t1·t (:)f' t,l1c~ S()llr('(" 

1>1·c)g1·ct111) a11cl a11i111ctt.01·s (tc) \ris11,1lizc"' tl1c1 st,1t.<~111<'11t w<· ,11·<' <·l11·1·<1 11t,ly ex(:.

<·11ti11g). Ci<.'11c:11·ctliz,iti<)11s <>f: <>1·igi11 t.1·ct<·l{i11g ( i.<\., tlliJJf''/1.<it''/J.<'<' f'f'<L<'.A:·irt.<J) 1><~1·111it. 
tll(' f'(_)l'llll_ll,1ti()ll ()f' l)l"()g1·,-t111 slic'.i11g i11 t,11(~ ('()llt(\Xt ()f' t ('l'lll 1·c·w1·i t.i11g. rr l1is 

lllclj,r l)c=- 11sclf'1_1l ir1 syst:(·•111s fc>1· i11t·c,1·c1.c·tivc' 1>r·<)g1·c1111 1111<lc·r·st.c111cli11g c1.11<l 1·c~\'(_ll'S(' 
• • t•11gtll("Cl'l llg. 

5 . Cl J RR.EN 'I' I~. r➔:s 1:;-: t\ RC.'. ll 

Tl1e:• As 11"2 C c:0111 piler· c1lrec1cly 111e11t.io11<::.d ttl)ove 11,1.s de111<)11st.1·,1t,(:1cl t.l1e l)O
t,e11t,ic1l of c:01111)ili11g c1,lgeb1·<1ic· s1)ec~ific~atio11s to effic'.ie11t. C'.OCl(~. It,s 1·ec.lesig11, 
w l1ic:l1 is ct11·1·t•11tly i11 J.)r·ogr·ess, will i11t.1·ocl 1.1c·e ft11·t,l1e1· 01)t.i111iz,1t,io11s <l,11cl 1·e
cl 11c·c· tl1e 111e111c>1·y r·ec·111i1·e111e11t.s c)f t,11<• ge11er·,1.t.ecl c:odt•. Si11c:(• t.l1t• c~o1111)ile1· 
l1c1s i t,sE•lf l)('t:.11 SI)E'C'.ific\ci i11 As F~+ S D F, it. cilso l)t~r1efi t,s f'1·0111 t.11(:St• i111 IJ1·c)ve-
111c·11t.s. Ot.11(•1· E~xt.<:·11sic)11s i11vc)lv(:1 sc•lec·t.ivc~ c)11te1·111ost 1·<:~w1·it.i11g [4], c111cl t.l1t'l 
llSe C)f llctl'l'()Wi11g f'or· si111t1lc1.t,i11g i11 J)ll t, / {)ll t! J)ll t. 

!11 c~c)C)J)e1·at.ic)11 wi t.11 J. F'it•lcl (IBl\1 T .. J. \\Tat,sc)11 R.esecirc:11 C~e11t.er·) wor·k 
is i11 J)1·ogr·ess 011 01)t.i111izi11g C'.01111)il(~1·s. Tl1e l)c1-sic· iclec1 is t.o t;r·a11slate t.l1e 
sour·c~e lc1r1g11<1ge, e.g., C, t.o a11 i11t,(:~1·111eciic1te lc111g11age c·alled PII\,·1. All f111·tl1e1· 
OJ)ti111izat,io11s c~a11 l)e ex1)1·essecl as sy111l)c)lic: 111,111i1>t1l,1.tic)11s C)Il t.l1e i11t,e1·111e
dic1,te PIJ\1 1·e1)1·ese11tatio11 c)f tl1e p1·og1·c1111. 1'11ese 111a11i1)11lat;ior1s l1c1ve bee11 
defir1ed t1si11g AsF+ Sor~ a11cl c11·e lJasecl 011 tllt'- w-co1111)l<:~tio11 of c1lgel)1·c1ic: 
s1)ec:ificc:1tio11s as clesc:1·il)ec-I i11 [2]. 

111 close C'.C)OJ)C~1·,1.tio11 witl1 t,l1e U11ive1~sit,.}' c>f' A111st.er·cl,1.111 (Pr·ogr·a111111.i11g R.E~
searc'.11 G1·0111)) vc1,rio11s ext,(~11sio11s of t·.l1t• Met.a-E.~11vi1·011111e11t, c11·e t)ei11g clevel
opecl, e.g., gt'Ilt•1·at,io1i c)f J)I'E~t.t.y1)r·i11te1·s ,111cl <.io(~11111e11t,ftt,i<)11 t.ools, vis11al E.~cli
t,or·s, a11cl t.l1E~ i11tclg1·c1,t.ic)11 of' l,),11·si11g a.11cl 1·e¥.r1·iti11g. As a stE:~l) t,c)warcis 1·(•e11gi-
11 eer·i11g t lie C'.111·1·e11 t, i111 J) le 111e11 t. cl tio11 of t, lie Tvl E:~t a-e 11 viro 11111c~11 t, a c~c) 111 J) o 11e11 t, 
i11te1~c:011nec:tio11 ar·c·l1it,E~c'.t111·E~ c·,1llecl TooLBlJS wt1s develoJ)ecl i11 wl1icl1 all 
dir·ect c~o111111l111ic:c1tio11 l)et,v.rE)e11 c~o111po11e11t.s ( 't.ools') is f'orl)idcle11. I11steacl, 
all st1cl1 c~o1111111111ic:at,io11s are c~o11tr·ollec:l l)y a pr·oc:ess-orie11ted sc~r·i pt tl1cl.t, 321 
for111alizes clll t,l1e clesir·ed i11te1·ac:tior1s l)etwee11 t,ools. N c) c:1ssu111ptio11s c1,1·e 
beir1g 111acle al)out t,l1e i1111)le111E~11t,atic)ri lc111g11age or· exec'.t1t,ic)11 l)latfor111 of 
eac·l1 tool: tc)ols 111ay be i111 J)lt•111E~11tecl i11 cliffe1·er1t lar1g11ages a11cl 111c1y 1·l111 
C)Il diffe1·er1t, c·or11pl1ters. By a.clo1)t,i11g t,l1is clpJ)roac·li we l1c)pe t.o 111ake tl1e 
i1111)le111e11tatio11 111ore flexil)lE? c111ci 111c111c1gE~al)l<:~ a11cl t,o fac:ili t.ctt,e c:or111ecti11g 
exte1·11c1lly develoJ)ed sof't,wa1·E·. 

6. A PPI.1IC~1'\ 1'IONS 

Altl1ot1gl1 01·igi11ally desig11ed c\S a gE~11e1·,1t)or f'c)r· p'r·og·rc1,rr·irri,i·1i.g e11viror1rner1t,s, 
it l1c1s tu1·11eci Ollt, t,l1e1·e ctr·e 111c111y otl1er ar·e2ts wl1er·e tl1e ASF'+SDF' Ivleta
er1vir·o11111E~11t ca11 l)E:~ ,l.J)pliecl. Tl1t~se 1·a11ge f'rc)111 ge11E~1·<1,l syst,e11i desig11 a11c~l 
tl1e spec'.:ificat,io11 of e11vi1·011111e11t,s f'()I' vc11·io11s la1igt1c1.ges to SJ)ec~ific areas like 
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c1t1e1'y opt,i111izatio11, l1.)rclr·,111lic'. si111t1lc1t.ic)11, <:t11<l £lJ)J)lic'.clt,ic)11 gE;11e1·c1,t,t)r·s. vVe 
sketc:l1 tl1ree ctl){)lic'.,1t,io11s i11 sc)111(~ cl(:~t,c.lil: 

• Ir1 t,l1e cor1t,ext, of ESI)R.11' J)r·oj(~('.t, (;Q l\lJI=> AI~E ( 1991-1995), ,v l1ic:l1 
,1i111f~cl cl.t, t, h€; c~c) 11st. r·t1c·t,io11 <) f <) 1> t, i 111 iz i rig c:c> 111 J) ilt:\ 1·s t·c.> r· J>clr·,tl le I .:l1~c-l1 i
t, c~c·t, t11·es, wt~ desig11t1 cl cl s 1.)E~C'.ific· clt.ic)11 f <> r·111<1lis111 f'S I) L f <>r· <:lefir1i11g t1l1e 
i11t<1 1·111eclic:1t,e cl;:-1.t,a r·t)J)l'E1se11t,cttic)11s i11 t'.C)111pilt~l'S. I11 c1clclit,io11, 11si11g 
As f'+ SI) F w<~ c~o11st,1·11<~tc.lcl a ge11t~1·,l,tc)1· t.11,tt, c:0111 J)ilt1 c·I t,llf;Se SJ)f:cific:t1.
tio1·1s i11t,o C. 

• Ir1 c:001)eratio11 ,vitl1 ,1 D11t,c'.l1 l)c111k, \\TE-.. c:lE:sig11ecl kl s1)ec·ificat,ic>11 la11-
gt1a,ge f 01· fi11a11cic1l J)1·ocl 11c'.ts. G i ve11 s11c'.l1 cl, I)r·ocl t1c·t, clefir1i tior1, al)
pr·o1)1·iat,e ( Col)ol) c:c)cle c·c111 l)e g<:.~11er·clt1ecl tic) i11c:lucle t,l1e ir1fc)1·111c1tior1 
r·elateci to the 1)1·oci11c'.t, i11star1c:(~ i11 t,l1e c·o1111>a11y's i11for·111c1tic>r1 syst,(~111. 
Ir1 t,l1is Wcly tl1e ti111e 11E~eclt~c·l t.o c·o11st,1-11c:t, sc>ft1wci1·(~ f'c>r· r1ev\r 1:>rod llCt,s 
C'.ctll be 1·ecll1C'.ecl f1·0111 111c>11t.l1s t.c) cl(":i,ys. 

L 

• I11 c-'.l<)se c·<>OJJ<:.lr·at.ic)Il \Vitl1 P. D. l\1osses ( Aa1·l111s, De11rr1c11·k), we C'.011-

st,1·t1c:tecl c111 i11t,(~r·c1c:t,i ve S}~stt~111 t.c) s111>1>c_)1·t, t,11<:. clc~velc)1)111er1t, of s1>ec:
ific'.clt,io11s wr·itten i11 Actiori Se·rria·ritics, cl fc)1·111c1lis111 fc>r· clt~fi11i11g tl1e 
ser11ant.ic:s of' (progrc1.1111r1i11g) lc1,11g11c1ges. It, is c~11r·r·e11t,ly l)ei11g 11sed for· 
defir1ir1g the se111ar1t .. iC'.S of AND F ( Arc:l1itc~C'.t111·E~ N e11t1·al Defi1·1it,io11 Fo1·-
111at), a1·1 €:xcha11ge fo1·111at, for· c:01111)ilecl J)I~()g1·a1r1s. 

Otl1er applications 11si11g t,l1e ASf"'+SDf"' lv1eta-e11vi1·011111er1t ir1cl11de: 

• A11torr1ated ind11c:tio11 1)1·oofs: D. Naiclic·l1 (U11ive1·sit,y of Iowc1), T.B. 
Dir1esh (CWI). 

• Category tl1eory: S. Vig11c1 (U 11ive1·sit,y of l'viil,1,110). 

• P1·og1·arr1 tra11sforr11cttio11s: lvI. G.J. var1 den Bra11cl (Uv A), H. l'vfeijer 
(KUN). 

• Message Sec1uer1ce Cl1cirts: E.A. va11 cler· l'v1e11le11 (UvA), S. lv1ouw 
(TUE). 

• 1r-calc:ulus: A. va11 De11rser1 (TUE). 

• ttCRL: J.A. Hillebra11ci (UvA), J.F. Groote (UU). 

A st1rvey of r·ecer1t wo1·k ca11 l)e fo1111d i11 [6]. Ot1r ear·lier wor·k 011 algebraic 
spec~ifications ccir1 l)e fou11d i11 [1]. 
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