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ABSTRACT 

We inlroduce a nolslion to 1'<7ile functional (dedaralive, appiicative) progra.ms 8Jld consider ways 
in which lo derive applic:l.lrJe imp-!emenlalions Df formal specificatiom written using the Z 
forms.lism. 
In Ihis pa'per we consider Z as lhe utmosllevel Df a.bslraction, and A. lhe fundional tsnguage, as 
lhe mo;;t opera.nonal fOlmalism a.veilable to the programmer. Our g(8) is lo cOllsider lhe 
properlleô 01 a formal programming envlronmenl in which to derive fur.ctlOnal progra.ms fram 
ma.tnemslical specifications 01 Iheir properiies, as a (iirsl slep) 01 builtiing reliable pieces oi 
soflware. We siso considerlhe intricacies 01 8.1I\omating (paris of) lhe processo 

Apresentemos uma 'nalacao para escrever programas decla.rativos, e consideramos como 
derivaI programa.s 8jllieaiívos a partir de especilicaçoes 101m ais escriias em Z. Aquí, Z .é o 
nível m3Ís abstrato, e ~" lInl3. Imguagem funciona! de alta ordem, o mais cenl':reto. O objetivo é 
considerlJ.r ~~ [lmprietiades de um a.mbiellie formal de desenvoivmmnfo de soíiware, ollde o 
desenvolvimento de programas funcionai~ seria o primeiro Pil~~O na cordruçao de software 
confiável. 

1.I.lTROOUG1I01l 
UJ Er.wnliõlTprrnino!o...9Y 

The Z here relers to lhe Z specification IllOgll~f!e [H~yes 06]. ~nd A is OUl own in-hOlwe 
appiic..'live language llaing desiglletl apd implement.::d aI UFPE. tlotli forll1a:i~ms are desclibed 
el.e",here [1v1eir3.117b, 1-1eim D7e,. 
Some of lile lermmnlogy in this paper comes lrom [Bjorner 87J. anel much 01 ills classilieel 3S 
"common lt.nO\ led\1e" . We use lhe tel'ms in the meatling~ 8~cri!Jed ill lhe ~torem,lI1tioned 
ôrtide, wiiilOUi 30y IJUempi lo sdopt Ihem ôs stalldaIds. 

The :;o!tYlôre deveíopment pl0~e~s i~ p5tl Df til€: ~oHYvale o/de. The ph3~es treBté!ú as 
Jldevc!oprnen'u ~ere qre r-peci!!calion~ dcs!gn l:tnr! imIllelfler.ts!!on. V,te will con!:trlf:r some Df lht: 
dlftcrenl apprnBci!p.!; tf,ken iH madellmq th~ proces!; of !;oitw8.re deveiopn,e::i llin ihe iarge". 
Thf~rc !fIe 8 few r.1!H.!e!s, lhe rnn;:t commonl}" used !Jelng den\'cr~ trDm thp. w!!~erfa!![(;Dnen OH] 
Bnd mudifled ver!;ium cf ii. flecelli deveiopnwnis such iJ!; n ' iSE["Jjortuc:r 87] (a!l "ctDl!yirl ler 
PjgOH.IU:i: Appro'lch!o !n[hJ!11rbl 8L~'f3Je DrVp.!n.pn1f!rll), ere b3!:ed in 8 s!!lJ-cycle ot th31 morJet 
encoillpa~">ing lhe IImm steps of lhe nw~telíoli", w;lich are cs:ied ihe "soit.';ôrf:! (jeveiopmelli 
D/c!ell

" on thc ide a o1"project gn~.phsUIBjQrnt:t 87J 3nt! in ctanot8liQn~11 sem~nt!c mm!lOtJSr,!one~ 
1;6, Bjorncr 87j lo ~Ileciiy, desiqn anti ueai ViiiJl some implemenlation ma\ters oi lhe sokm, e in 
Clueslml'!. 
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As we have said before, our main interes! is in formal melhods for developing somare, and in 
order lo do lha1 we need lirsl lo have a. model in whiéh lo work wilh lhe objects olll1a.l dalOs. Tha.l 
means Ih8.f we may have lo accepl a ''world'' model of lhe software developmenl process, or we 
msy nol We believe Ihai some oi ihe more eso\eric models 01 so!(>.oi8Je developmenl have been 
used so far for absolule la.cking 01 beller models, tools and theories tha1 would support a simpler 
a.pproach. 
OI course, ff lhe "cuslomer"lhal goes inlo a software house in need of a progrsm could wrile lu!ly 
formal specific8.tions 01 his software, ssy, in VDM[Jones a6], Ihal \'Iould be good news for ali 
concerned, inclurJing himseH. As il happens, iI is nollikely Ihal Ihis is lhe way Ihings will happen, 
and we are bound io fa.ce an inlorma.!, unslruclured descriplion of \'Iha1 is needed. We ale nol 
goil1g illlo !his malter here, bul a very importe.1I1 problem lo deru with, whe.n developing software, 
is gelling lo kno\'l whal lhe user requiremenls are, exa.ctIy. This \'IiII be dea.ll wilh in sedion 1.2, 
and more exfensively in a compa~ion paper[Meira 87a]. 

In wh8.f lotlows we propose a Ihree-slep model for lhe software development.cycle, which we cs.ll 
SPlonp (for :pecificalion, designlprototyping, a.nd implementation). The melhod is being 
used to design non-reô.ctive syslems. and it is ba.sed in a. ma.Ulema.lica.! formôJism for speci1icôtion 
of problem/progran1 properlies, a. purelyapplicalive programming IBnguage as bolh prololyping 
and implemenlalion 13JlguCl.ge. ôJld Cl. melhod of trônsforming formal specificCllions inlo funcliona.! 
programs, which ca.n be viewed. in a firsl sl8.ge, a.s an execu!able $pecilica.iion. Following 
8jorner's work a.! DDC, Denmall<. lhe setting for this ôctivily. is lhe idea. of Software 
Development Graphs[Bjorner 87], which is explained ai lengih elsewhere[Meiró. 87]. 

1.2 Informal Specifica.tions 

Informe.1 specifica.lions. unforluna.lely. a.re Wh8.t mos! programmers a.re usen to see as lhe sOllrGe 
code which Ihey musl compile inlo working and correct programs. In a. rell.llife project one ha.3 
lo dea.l wilh lhe problem of 8cqlliring lhe righl informal sper:ific8.lion. which is nol Irivial, due to lhe 
gap Ihat musl bridged by programmer éJnd user· to·understand ea.r:h olher. 
Afler one 118.S lhe (rightj inlormel specifica.lion. Ihere is lhe problem of lormó.lizing il somehow. 
The choice 01 melhous aJld forma.lislns is wide (VDM. PAISley[Zave 84J. obj[Gogllen 82] é.lJld me 
100[Henderson 86] are bul 8. lew exan1ples). The melhod lo be chosen h8S lo !leve lhe righl 
levei of 8.bstra.ction. whir:h is something not very easily defined. Also_ il musl lJe possible lo 
tra1lSlele (lhis ca.n be seen as some lorm of compile.lion) Ule inilial ~nlorma.11 specific8.1ion inlo ils 
lormal counlerpôrt in such 3. way Ihôl lhe inluitive meaning 01 lhe fornler is a.lleClsl vppv.rent in Ule 
leiter. . -
That is lo ssy thô.! one expects an 8.vera.ge reader, with a lna.!hema.licCl.! backgrouild. lo be a.ble to 
read lhe more abstract leveIs of lhe formal specific8iion. 

1.3 Form8l Spedlica.!ions 

Forme.1 specifications 8.re a need in software developmenl a.s drawings and formulae in 
engineering. No one in Iheir righl mind would fiy in ôn a.irplane lha.! Ihey knew had been bum 
using lhe lechniques Ihal we use to build compuler progre.ms mosl 01 lhe lime. As we are now 
using compuler programs lo !ly a.irplônes. il is aJloul lime we slaIl to Ulin~. abotll using design a.nd 
conslruction melhods for our progróms Ylhich are allea.sl a.s relia.ble 8.S the ones used in (non 
computer aided) engineering. 
Here we a.re to fa.Ge fierce opposilion in our way lo enforce iormal SOftW8Je developmenl. Mosl 
people's altitude lo lhe subject is tia.! we can do it v.ilhoul mslhema.tics. Ttlis is Iike sôying Iha.1 
Marco PaIo wenllo China. using nothing bul inluiton 8nd sense~. Th8.1 is perlectly fine for his time. 
bul I bel he could nol take a. superta.nker ânywhere, nowadays, with lhe S8me appara.lus he used 
Ihen. Th8.1 is inc/eec/ our problem in software engineering lod8y. 
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We oughl lo be u~ing lhe appropriale !ool~ lo ~o!ve lhe problems we nave ... 

1.4 Prololming anrJ Programminq 

Vle shou!d e~I!JJJli~h lhe lorma.l re!8.tion~hip belween lhe Inree a.ctivilies (~pecifiC8tion, 
[Ie~i\!n!prolotyping lln(l programm(ng) Ihal we aS5ume 8re softwaIe deve!opment. 11 is' widely 
8.ccepted Ih811he deveioper proilts Irem a. proiotype instes.ti of going ali lhe way a.nd wri!ing a. fui! 
imp!eloenIBlion. In SPI°r.·, lhe vim is lo derive lunctionltL execulsb!e specilic8.1ions (Le., 
prololyp(5) fmm lormo! specifiealion5 V/ritten in Z . A sms.l! exs.Il1ple 01 Ihis is given in Sectioro 3. 

Why Z insles.d 01 obi, VDM or wha.lever? A {partir,I} a.nswer lo Ihal is lha.! Z is simpler, open, Bnd il 
is nol a stôlld:ml. which meêns we call experimen\ 1'I,lh il 3ml 1m3)' bel have our Z, 8.S il is lhe 
case 01 some group~ around lhe world. Z i~ a. I-,-,odel based form8!ism like VOi"';, bul lhe a.im i~ 
nol prooHheoreticaJ as in lhe Ivt!er. The gene",1 idesl is lo have modulBr malhema.lics lo 
communicale lhe specific8lion, lhe design arod lhe implemero\(,tioro. a.l several leveis, to lhe 
V3riOUS groups involvml in lhe conslruclioil 01 ô 101ge piece 01 sDft,,!!re. 

2.1 The t·l ll.themolicõl:'Compulôlioilôl Not~lion 

A smoU problem Itere ís lo (;l1oose 3 nolõtion \01 lhe môthemalic3: symbols ôntl [J i;;yrôms in Z. 1)1: 

one wou![i certainly wont lo ha.ve 8. pôIser anel type checker Ihal coule! Ireal speciíicalions V/ritten 
in the 1ormôlism. TI115 wDuid be a nrst !itt:!p in the diié~f;tion Df hô ... :jnu tt'ôllSfoíTna'!on ~stcms tllât 
coulel t~ke Z l".S input Bnd (most probably wilh U5er cooper;;tion) pyocluce ruonable progr<Jms Iha.l 
conlü/n1 lo f:le spec!icallOn. In lhe IOilg run, Ihis is thE 31m 01 Ihis project. Ou/ gmup's ti/s! &t:empt 
lo clefil1e ~Ilch I.ola.lion is discusseel in [1-1eirv 87e] . Due lo spll.ce conslr8.inls. we Dre going lo 
use li nolalion ckin lo ::lel Oll!! here wilhout aJ1y lurlher explãllôtloll. 

2.2 ,\11 Exom;!le 

The eX;Jmple w? have cho~en to specH'j i5 a. portugue~e ver::ion Df Unix's spell (Orto[f'.1e!o Neto 
fi7]) t,r::inn cleveloped ai UrPE 
The (ver;) s~.~!chy inll1rm~1 sperilic~1il]n uoes as 1111111W,: 

Oi given a sOlted l lictionary of (!l011ugue ~ei V/ords, we wanl a program Ih!'1 C3n 
1) in!.eít HC'ú'WOrt!$ ir,1.i!e dict:on:Ji)': 
2) chec!\ y,t.clher 3. ºIvel. word OCCU(S in lhe clit:liona.ry; ( 
3) ui-,·en 1'n i',pu! le,,1 torrm'\t~d by a. worrJ proce~mr, lilter the wp's cOIl1I11l'<mls anel give 

3.5 resull~. sorl,nl H~t 01 ilie i"put':; ords which do nol OLem in lhe dichonvr/. 

The speálicetion 90e5 lhas 

SC}!H~i\ thsÍr.s; 
OH l t,t 

lettf'r ::; r I (lI • # I Z! . I ~ 1 •• I Z ~ ) ; 

Ilol'J = Ust L<.'tter; 
Fil. = lüt ,Inrd; 

{);:Cl~R[ 
Di~t Fil~; 

~:\mW:TE 
r.rJ::~'t'i! Dict 
t~fC file (nlc.set Hict) = Dict 

fIlD lIa"1C5 , 

Ot· al I l etters, aCi:ente-d ones a~ t'eil iO 
<* "ol'd is • list -o,' seq- of lett.". * ) 
(* file i s - just- a l i:;t (Ir ~Jol'ds *> 

li (* th~ d;otioaóry is or'dor.d , and *) 
c* u'Jl~ds OCCUi' just once ~ ) 

The "n!O(llI!e~" 01 formal specílications in Z l.I~e ca!le!! "8CHEto>tA". The schema above clecl8re~ 
8 few iype~. Sllch as '>'Iord ô;:(1 me, 811d a vuii'ble, tile diclionary (Oict). Thp. preclicale slotes Ih~t 
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lhe diction8ry is ordered. s.nd s.l~o 10s.1 words occur jusl once. The 8.I.I)(iliôry funclions (ego 
ftk....set) used in lhe predicale are assumed defined elsewhere, say in a "syslem" module. 
The schemô. a.bove sls.les lhe invslisni of lhe specifica.tion. which is imported by a.1I olher 
schemas. Readers familiar wilh usual Z will notice lha.l we give a very liberal inlerprelalion of lhe 
formaJism here, which pui> some elo.1rs. siress on lhe specilics.tion of iunciions (one could csll ii 
lizZ - a lunc\ionBl inlerprelalion of Z!). Only one \'arililJle will be lalked MOU\. represenling lhe 
dictionary. 

SCHEl4A Insert; 
IHClUOE Basics 7 Basics ' ; 
DECLARE 

illsel't : I.'ol'd -) File - > File; 
PREOICilTE 

FORALL x : IJol'd • 
( Oi.t' = insert " Oict & 

Oict' = Oict $$ x ) 

EKD Insert. 

SOlnm Find; 
INClUDE Sasics; 
DECLARE 

find : \lord -) Filo -) 8001 •• 0; 
PREOICATE 

FORAll x : lIord • 

<* the I pl~i",es al1 o, 8asics .> 

(* $$ ~.ons ioelude or substituto *) 
(ti right ioto 10ft ti) 

( IF x IM (Hk_set Diet) lHEH find " Diet = lRUE 
ElSE find " Di.t = FAlSE & 

Oict' = Dict ) 
EilD Find. 

SCHEIIA Filtor; 
IHClUDE 80sics, Sosies'; 
COIlST 

\!pctid~ = [-,au·, •. pp", ·,bf", "",ti") 
DEClARE 

filter : File -) File; 
PREDíCilTE 

FORIILL f : Fil •• 
( filtor f = "k_file (~k_50t f - YpcMd,) 

Oiet' = Oiet ) 
EHO Filter. 

Here nole lhe.! lhe speciflcslion for filler jusl seys Ihe.1 il removes ~II word processor commsIlds 
fiOm lhe inpu! tex!. No mentioil is mS.de lo the arder 01 lhe oulpul tex! rela\ive lo lhe inpu\. 

SCIIH!A Sp.ll; 
IHCLU DE 80sies, Sosies'; 
OECl~RE 

,pell : file -) file; 
PREOICAn 

FORAlL f : File. 
( sp.ll f = sort (~k_fil. (nk~.t (filt.r f) - Dict» 

Oiet' = Dict ) 
[NO Spoll. 

11 should be s8.id lha.! Z's usual schema.s dea.l with v81iables. which are part of s. sla.le, lhe objec\ of 
lhe formal specificalion. Our reading is func\ional, so we lend lo say much more aboul lhe 
fundions. in this case, !halwill use lhe only I'lJrialJie. me dic:\ionary. 
3. A 

3.0 \\'hv a New Applicalive Langllage? 

There is a nllmber of applicalive langu8.ges in lhe run &Iready. H is a risk. in a sense, lo design yel 
8. new one, 8Jld il migh! 8.lso be a. fruitless exercise to do sO. 
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i. 

· We nave decided lo tiesign and impiemeni 8. new ianguage ior a numher oi res.sons. First 
because some features thal we'd li}.t.e to see in ONE Innguage are spread over severa!. These 
inciulie compreilem;ions (Miranaa.aIla OrNeliL non- a.nd coniroiied siridness(Miran tia). 
polymorphic slrong Iyping (Miranda. "1L alId Hope). lundional unilicalion (Hopc). modules l:illll 
seplJrale compilstion{LML anti "1ir~miB). aigebrl'ic I"nd absimcl avia iypes (Miranda. anti iviL) anti 
inherilance (Pebble :'ll1cl FOOPS). 3ml mOl'e cxot!c c3po.lJilitie:? such as Dar linglon aml While's 
modal " resiriclions ~o cvaiuation" (currenüy implemenied in Hope). 
tf wc had lo chome l'\ ne\ll IsnguBge. il wou lll have been Miraocls. [Tumer 86]. bul lha! \lias nol 
possihle beca.use 01 implemenlallon righls ana problems in parting il lo Brazilian v31siom 01 
An 's Unix opera\ing syslem. Also. we coule! nol gel a copy 01 W3d!er's [Wadler OG] Orwell 
sy!;tem lor more or Ir!ss the same rCBson. 

ApBrI írom ha.ving 8. go al1anguage designo we sIso wanleti io nave 8. tesiiJed 111 which lo sarl oul 
our iOcas in !ieve!opir.g lunc!iomd "executable sreci1ica!ion~" (or pralotypes) trem lormal 
sp"cii1cd ions. i.e .. lhe iangU5ge mi!Jhi ha.ve inl!uence 01 Z in it~ bO$is. Anoiher pO$siiJle 3im is \0 
Ity ~ome elever implemf:nl!'1.tion i[ICl1S by Ra1~.e! Lins [Lins 66J. lrem his wor~. in categorical 
combinJiors . . 

Allõ:\. io our !Jcst knowl:!dge. Ihere is no previa'J5 e):perience in lhe implementoiinn of pUl'ety 
fundion:;] t1.'ngu!lges v;ill , lhe le~lures !!escriber.! Bbove in this counlry. Tlle c~erci~e pmposed 
herein wii! a.iso luliil! some oi lhe Isck 01 experiance in ihis slIbjecl. which is 01 greaier 
impur!~nce by lhe (bJ'. 
:n whai ialioVls. we give 3Il informai dmcription 01 ~ \'Ioich is In IJe (hollghi as a vcry prc!iminary 
partiR! t!escripHon 01 ils le8tures. Tbe !tiIlyuage's 101 mal ~yn!8.dlc. pr~.gm ,,!ic o;!(\ sem3Jrtic 
descriptiom; wlll follow[l'.1eir3 87bJ. 

In A. l'lpes IlTe ~eh ot voiues.like in FuníC31delii 65]. Vie do nol enter j! ,;;:: U1e :;ulJjeLl here, bul il 
is lleCeSS3r;1 lo s~y t:',i, minim\lIn in arder \0 ~ccounl flJr 1i~I~. 11Ip l (;~ ~nd oth E: r ~ lrlll .lll,r:d typeo. 
p(l!yí11mphi~:n. IYf1i'! pBrameleriz 3tion anti inlerence. H:~ pio mel! Ih3t A VilU hl1ve an t 1l 1:1', trpe 
!.y!.b:f!: 

he h<:"ic LI ;:.3. lypes in " Viill be nuo;' in!. reéll 11n'] c1 ;:T. whidi <tre !J;c lõnuu::' ,3 Iyp r'~ 
cotre:;rJon~. ln<J 10 trulh vejue ~, integersl ! e~l s anc! chn!'~.,~ers, re~(Jedr.'!~ty. Example:; r:f ç;;c~h al e 

1~~.U[ , Fnt';E, 1. 1?a7, La, 3. 1 ,'il!:. ';t:{. , 'ai . ;2 ', 

One !,Jí:''Jic !·tnfc~are i~ i;~~ 11 ft, cre;.'i~etl by t ~lE~ t"\C et )n:,{njL~O t Hst. ~nd ( 111' (~t n lIél\lp li~~<: of 13n~.' 
t}'pa of Gb:2(~ (o! ~Dtl:"~a ihC!I.,_rny fh~:;j. Lista ~lt;; il~-'lf!Í)gt.!lIeQU s d~~~· ::ttl!Liure~. 111 Ij~·dttH l ar. ~ 
:;l1ir.g i& ~. !::;; ch:.',:" ób!Jn.;vi::ltt:d th~t w;:·/ for convea: nr:~ E~'hiJi1p~eS (lf li ~t~ ~~I0 

(1,2 . 3J Wllich !1:;s \i"" ,;~I j .. t 
[ UJ, [ Z,3J, I4,5 , [.]] J;:; t {!i:;f:nl) 
[' d' ,' i' , 'a ', 'n J

, 'a ' ] ~ ;:::t ehar. fite S31J1C 33 ~t,in o. 
Tllere:s }:n ~H3111Q.1I· .. ·e íCp 'f~scnt~!:nn fm ~hc ! :;t~ t Hr.t ~~ ":Uaílà" . 

1 o :.t~n '1!ith. ',,,e ore not ~.r.ij~g to bot;·f.r tüJOtU :Ju~ys it l A. Atlav~ c~n be repíti ... ented ü3 hets. b~"\Y 
:1tçe~~ ~:~~~. ·,'.';i:Cf: ::; re:r t,.;,\ for Sln']'1-: ~ccess on ;'1n'\::,'::. ;:~ , 1l1 hne~;( t1:1 ",-j,;. i. I.l:-jd h(w~ 

(~.)pl;c"k·J<!. (,~ iH [t·1e.il3. i;[']i 3"3.y3 li , ,h" ill'uie. Tlicre is 110 plumise. 

v!hu.e !.1J~ h 
tl'-I:·~ [l- t "<1, I ""~"!\I' I ~. , " ... ~~ li ...... L. J. 

Tho ~rC~:::llt:l)t fI) ~ha C~~i !.fuctor ttlple i~ a H~t (,f t::lpes. ~~iJh; i~ ct COfU:tUctGj· Q~ me-Gt!ct ripes, 
i\nd i ~: i ,'!'''';; Gi.:!:!d 11,-, d,!li;--ICi!. m Cf~l . , ~e. iJj tem :!; cf tl:e \.lS!:~.! dDn~3jH W:L.,,j;f1;'S. HG!t~ :'H .. ! we r-.~u~ 
u~e A's ttl~}Ir;s as P.ii;C31IZ rccords. : 0 W~ cio not bothe:- wHh ~he H!COfct' !n~ch\. u:sm he:e 
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3.2 Abstrac! Data Types 

Mueh 01 lhe power 01 today's programming langu8.ges is in lhe pro\~si!lns they ma."-e lor dala 
absira.ctions. 1I is, of eourse, much ea.sier lo Isik aboul lhe lrue properlies oi 3 iree, U1S.n MOU! lhe 
details of its implementation in assembler. Like '''IiramJa. Â provides lwo sorts 01 abstractions: lhe 
firs! are lhe &Igebraic data. ~/pes, where lhe programmer builds algebra.s lo deseribe her (ta.la. 
types, which ale \~sible, aI constructor leveI. lrom the outside. Trees,lor onee, can be described 
as 

ALGEBRA tre~; 
tr •• x = -Oil I -ood. x (tr •• x) (tr •• x) 

[NI> tr ••. 

Nole Ihal lhe previous equalion describes paranlelerized trees (tr •• xl whieh ean be lIsed to 
represent trees of ;my d3.ta objed The IInderscored n~mes ~.re IIsed (by delinition) ~s 
consfructors 01 the data type. hence also valid iu paHern maldling objecls of Ihal type. The type 
described ;:tbove is él. free ;:tJgebra, Le .. Ihere are no reslridions lo lhe behaviollr 01 lhe 
conslruclors. We could define lUl ordered binary Iree algebraic type using laws to enfO/'ce a 
desired behaviour of the constrlldors, sueh as in 

ALGEBRA otr •• x; 
otr.e x = _onil I _onod. x (otr •• x) (otr •• x) I ~ns,rt x (tr., y.); 

lAI.!S 
_ins,rt a _nil =) _onod. a _nil _nil; 
_insert a C.node b I I"l =) _onodo b '-insert a 1) r, a <= b'; 
_insert a (_onode b 1 r) = ) _onode b r <_insert a r) . a} b; 

[H1l otr,e. 

Hem, if >'ou use lhe _insert eonstructor, lhe Ire e is ordered on ils ovm! Normal Irces ca.n be built 
using lhe ordmary _nod, eonslructor. Nole Ihal allhough ono e8.n build Itces using lhe _insert 
con~irucior, aij insla.nces oi il are rewritlen, by iile 13.'11:;, inio in:;lances 01 ":nod •. 

Ab~lr8ct ~lPes. on Iheir lurn. have hid(:en implementôlion parl5, and are used according to lhe 
"exporled" delinilion. A ba]anced Iree type eould be delined 8.S an abs"/pe by 

ABSTYPE taltre. x; 
UlSIBlE 

Dil 
eMpty 
insert 
delet~ 
nnd 

baltre. x; 
baltr •• x - ) bool; 

x -) baltr., x - ) baltr •• x; 
x - ) baltree x - ) baltree . x; 
x -) baltr •• x -) bool; 

H [I)!)EN 
TYPE 

baltree x = tree x: 
EtiO; 
DEFINE ni1; 

nil :; _nilj 
ENll nU; 
DEFINE u"tv: 

eMPt y x = x = _oil; 
ErIO eaPtv; 

<* balanced tr •• s ar. algebraic tr •• s *) 

DEFltlE insert : a -) bütr •• a -) balrr •• a; 
insort x t = balance (put x t); 

OEFl NE insert; 
(* .t coetera *) 

EN!) baltre • • 
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3.3 Fundiom, Comprehension~ anel Sedons 

Fundions are elefined in A by wriling their deiining equa.lions, jus! 31: we hs.ve dane in lhe HIDDEN 
part of lhe abslmcl data o/pe ~bove. I delll!~', there would be no ord!'!r in th!'! d!'!!initions, 6S lhe 
guards in lhe equa.tions shouid be mu;u3.ii'/ exdu"ive. To simp1irl wriiing, Y/e a.5Sülne iha.i lhe 
equations Bl'e compiled from lop lo bollom. Ali fundion definilion$ a.re curried, higher arder 
and msybe polymorphic. A embodies lhe concepls 01 ~ections (parti3Jly paI8meleri;;;ed 
operalar~ a~ in OrwelQ and comprehensions (ZF-expressions in Miranrla), ~.nd hs.s a cóJI-by
need semantics throughou1. It i~ pla.nned (bul Ihere is na gU8I 'l.lltee) lha.! il \'IiII have unifica.tion 8.S 
in ex\ended Hope[D8Iiington 86] . We 1l0W show a few slandanl de~nilions in A (a whole sei 01 
definiüons i~ ava.il:,]jle trom 8IdUb): 

HOOU LE Standard; 
(* 

Ao A UOOU LE is I .. d. up by IHpcln aod n;rORT lists, i'ollow_d by 
d.finitions oF tyPf' <JYPE, >1lGEBRl1 ;,r,d ~S$TVPEl aod Functions (!)EFiIlEl , 
[ach fur.c t i oll is int"oduceú by • OEflt:E. ., EtlO oair, Gi. in9 th. tyoo 
oF th. function i n th. DEFINE Une is optional, as th. co~pil.r ~ill . 
d~duc! its t ~fpe . S~~icolcns are terr.ti!!ators 

*l 
EXPORT filt el'" tiJp, reducE', 50i't; 
DEfiNE "ap : ü : - } 1) -} list Y. - } ii5t 1; 

»ap F x = [ f • I • {- xl 
<* re.d as • list of f ap~li.d to a, For . 11 a tak. n f~~ x • *l 

[tIO ... apI 
DEflliE filtH; 

filter c x :: [ a ; a (- x ; C 3 1; 
( fi: no need to declarp t)lpe-s , as they car. Ire ~educed by the cD~pilp1" *) 

ErID fia ... ; 
DEFINE ,..duce ; 

,..,duo. op id [) = id; 
r~duce op id (a:x) = op a (reduct o~ id x) j 

OID reduc~; 
DEFI NE sortI <* .I,is il'!>l." •• t' b""M. sort .. , *i 

sort: = fix s~~aP í 
BID S(ll't, 
DEfiNE fix; (!t visti:le only i n this ~odule,' i t" i5 not e-xpcrled H> 

ti;.: r x :; y. , Y. = ta >: ; 
= fix f fa~ ; 

YIIERE fax:; f X; ~* this is 16cal to Fi )( , nat visible outside ~) 
Hl9 hx; 
DEllliE swaPI 

SUJp X :; X 
SIl.p (a :b:xl = d 

= b nm SUüt); 
n:o Stand.l' J . 

3.4 Mocl Jlcs 

5uap (b: )! ): 
~x (= 1; 
ao { :: b 

S~lap (a : x), • }, b 

As it c~n be deduced b).' the infotmal presenlauon ~bove. ;\':; mDdule mechi...r.ism is ver}' much 
like thst of t1odu!~'2[Vii!lh 53]. f,111hermore, 111gehrss Ol;(f "b,t,11e~ ::" e ciclincri i n~ide l11oc1ules, 
ft!: H J:,. t!-re CG~e for eiJetyH~ing else in lhe lJng:iii.Yf!. Für- the pUrpüse 01 i hi~ r;~;~-:e~·. wa S8f1 as:wrne 
Ih,,\ 'bis i. inaeerl the C':1se. A more dek,ilecl expl"n1'!ion is givell il1 [f'.1c:il(j 87[J). . 

True to file l11"in [1;1>1 {lI \;,is llmject: '·':e :Im r.hllll1g il I"y r·p.~!ing ;; 10nn~1 dcsc;nplion Df A. The 
mf:lhod 11emu u~erl i!; to wnte 3 H~fL1Gf~Úll" whicii imp!E:mer.t~ U!f: de~lotDtjQrli'! ~·:;n:~mtic~~ of the 
I"Jl(J(![1[1e, ~~ in [AIli;;QIl 63J. (1I'l! \0 t!;e fel;l\ures projJosad lor A, a. compller 1$ :; musL At lhe time 
of \'mtm~!. we anil have ~Il in\erpre!er for KI\C[C~o!í 84J, IlIlcler YM:> 0/1 tlle YAY., lo which lhe A 
deUnihol1!1 t'l've to be It:,!ld !13.mb!i.:d in ore'e: h.! be el<ecJJ!ed. 
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4. From Z lo A 

The sl8Iling poinl nere is Ihal V/e can ea.siiy lramlorm lhe requiremenl~ sla.led in Z inlo fundion 
delinilion5 in A which salisfy lhe ~Ialed requirernenls. 
Loolling a.l a. Z schema. Y/na.1 we see is a. number 01 lype delinitions. variable dedara.lions and 
predicales IhRI musl be salis!ied. On lhe core 01 lhe predicales. we lind fundions (yel lo be 
delined). which. given lhe truUI 01 lhe pre·conditions. Uleir application wil1 result in lhe Irulh 01 lhe 
posl·condilion5. The job \0 be done when prograrnming is \0 define lhe fundions which are frue 
lo lhe speciíications. 
" i~ 8. '1ery high levei 19n9uage. Tlle denohlions.1 cnaructm 01 lhe Isnguuljo make. iI OMi .. , \o 
match specificalion blocs wi\h Ia.nguage moduies anú func\ion delinitions. 
For example. gi'len lhe specificalion 01 sorting as 

SCIIEtfA SOl-ti 
lHClUDE Basics; 
C·ECLP.RE 

50r~ : File -) Fil.; 
PREDICATE 

FOR~lL f : Fil • . 
( sort f IH p."IIUtations f & 

ord.r.d (sort f) ) 
EtID Sort. 

Assuming lhe usual speciflcations for permuto/iolls anú ordered. lhe following module 
implemenls lhe specilic3.1ion "bove. modulo lhe correctness Df lhe c!efinilions of permulalion anc! 
orelerec!. çliven Ih3.1 zon is corred by conslruclion: 

1I0DU LE SOl't; 
Fr,O:1 Stdlib IIIPORT h •• d; 
E:XPCRT File, 5i)l~t, {.;urd; 
TVPE 

File = lis t Uopd ; 
\lord = string; 

ENO; 
DEFltlE sort : File -) File; 

scrt x :. IH~.ad [ x (- pertmtations x; ordercd )( 1; 
BiO s:ort: 
DEFINE ordel"ed: 

ordor.d I J = TRUE; 
ol'd>t'ed [aI = !RUE: 
ord.~d (.:b:x) = o <= b & ord.~d . (b,x); 
<* Note that th. definition is poly"ol'phic, Df typ. list • -) bool. 

Used ob.ve, ~he general type is instantiated to Fil. -} bool ~) 
EHD ordel'edj 
DEFI NE pHtlutation5 ; 

p.r~utati.ns [] = [[I]; 
p.rMutations Y. = I .:p a (- x: p (- p.rnutations (x - [a]) I: 

[lU) per"utations: 
ErID Sort. 

The res.der ha.!; cerlajnly noticed Iha.1 lhe delinition of sort is noi verl efficienl. This V/a.s nol lhe 
rum of om firsl (tefinilion. The process of Iransforming spec~icalions inlo definitions goes exactly 
lhe way we nave Iried lo show above. Firs! one defines lhe dala r/pes Ihal wiil be used in lhe 
definitions. anú lhey wi!l be i:ornorphic to lhe !)Ipes used in lhe specificalions. Next one wriles 
whal cDuld be properiy called executable specifications. i.e .. definitions in which one nas only 
concerned oneseH with correctness in \~ew of lhe spec!fication. 
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4.1 A Prooramminq Exerci5e: Orto in A 

The deti~ití ons beloVl hS\l8 been derived from lhe formal speciiiciJ.iíon in seelien 2.2. We feei 
they neetl nol much Df an explanation here, given lha.! lhe "derivation" in queslion is 
slraightfolwa.rd. 

flODUlE Ol'to; 
FROH StdUb lHPORT oro r..ad; 
FROH SOI' t ltlPORT \101',1, fUe, sort; 
EXPORl find, lnsert, s~pll; 
DEFINE <f'~nd : \!ol'd -) file -) bool; 

fina x fi l ; or [ x ; . ; a (- x I; 
ENll findi 
DEFINE ins.rt : lIord -) File -) Filo; 

insct't a r J = tal; 
ins~rt a (b :y) ; a:b: y. a {; b; 

= b:in~ert a Y. ~) b; 
EtID insert; 
úEFIHE <poli : File -j file; 

speU = ( - diot) , nkset , son , (- \lPCMS) 
UHERE 

dict. = r-ead \:ord "dictionary"; 
(* the tvpe of l'ead is a -) s tl'ing -) list a, 

the opprational s{lnantic5 o; the fu nction is oblJiol!s ~j 
\lPc u.::ss = [1.: • .lU;~ , " , ppll , ,õ.bf'\ Jl. .tP~ l; 

810 $~fill ; 
DEFINE ~kse t : file -) File; 

nks.t [J = lI; 
MKset l a l = rol; 
~;ks. t (. , . ;x) = ~k5Pt; (»xl; 
tlkset (a:b:x) = a:M!~s et (h : x); 

END n!(spt; 
E/IV OI'tO, • 

tlkse t does not resl ly mak es sebo Il lal:es 3n GrC1E;yccllist Gocl producc r. Ol'm whem cach elp.menl 
occllr~ ~! mosi Gnce. ,\ ~oriinu fUllcuon couid ioke core oi iiwi as weii. 

lt l!i expe.,:,Jed j h<.: ~ one C'3 11 liit,;eed procJucc ~ome of lhe rJniiverabls!" adverti:;erJ here. 1:1 él ff1 t01 

Ih81 c~" be nt:<! h/' inctar t:y. "no\, ;"l leas! 1'Ip. can pul smm: hcmi qUldlOO" shuul lhe lechooiüyy 
úf r.)j'Of.lrlf~m~.q in ~ h e iSYge anti see i:oV! v jloriiculat pair Df pôradif. m~. I and . in iOl!l CJS;t i:; 
~Hj1ed ta ::m!:HI"" ( thEm. 

In view 01 whai we know a prior i, VlC (lo not expecl weal proqYe ~~ m!lt~ iI)' in lhe ~rPtl 01 
éI_lI~onwtc d ~!en~ro.1.i9n Df nro'Jt8hlS frum r,p!:!C!i!r.~1tlon c;, tHlIJ that is not ou' ~l!m ile rp \'/t~ G}(pt'(;l 1u 
produce t.ü (rl\3' i]l'neric tool3 1hr:t c n verii'/ wht:ther n p l'Clgrélf ll, qi til/F:·i 10 OfT! a fUHt l i1 j 

trCCifil:'3ton. I'; ku:: ~D it \He t.lre \'leU prep;.HE.d to 3~GCi.tt th;;tt t~ V('!Ü Uü\) is IIDt • .1. imp!t ~h!lir; ~Q 
clo, ~n[1 v/c nre no! ']oing lo ti)' it j lr~ l. fI ~r.<l irfii;fcJYm ~ lion 01 t peLi!If;8!iO.IS ItI {LtI"liélt,~ 'al...i be 
11ict! fir~~ to (~ ;".r.:,~ : -: r thp. "Hct:.HBJ" (Jppro~ch. -; hera miç!!lt jiút be s·'1n;e~:i!vJ t.:;~t i!;, ~t tl1:: "2~'n?; 
lime, Il ~:"ról ~r,d f.irr,:tle . 

i tO\ovC!v?r. we b E.: that there 3re a numlier of lhingc ihsl r,ao Bnd mu ~ t be ue,ria. hf:: re :1nd noVl. 

~I n' n SQr""~r"" l':)- ""':...·ll·r ·j -:.!· .. "'1(: e"'r ; . ~ ,r·,," :' .; H,r.. : , .... 'e ~'{ " ~r;' ~1 "l'''''I',,\·!' -.. . ... ~ o., -(',C'i .; ...... '" t.i h1'V .... · .1', J"" I .. o/ ... h ~...... • ., , 'J . I v"" (, 1;4,.4'\" IJ f''', ,.t. 0)" 11 I"! "11'-,, 

v:mbn~t iH '·Y.).;cruD~!'~ \V;!:rh tllf:>' h~lJe ! :tJ !J!~m n'- w!!cr 1h~~/ ~o t.H~ :'JilC~tt')1 f!:.~'~np.~~:nç; .. 
bUi!U;n;l or t~e '.lRi!::eii1nCp.. ~Iilff U,e:r' do not 1' nO'1"I W:lf.t ihey are :uppo-:~d io ~FJi o;ir G: U,éir 
Wü~V A~ í:'. rr>IJI> i tn:.. i ! ~!US L:~:nt! in "m:df:!'!lll !iy~,tp.m;, Cf:i! !!P !':~jn~ " !er'",!n;~"1 !!ir bcJ'.ing nf a 
prope.t speclUf'..ôtlon OJ'lhe !:y~icm ara! pror.: ~ :T ::!C!:Íf,Jtl 01 ; t~ impie:meniv.iton. 
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We would like lo conlend lha! Ihere i~ no way in which lo specify. inlormally. a huge bui!ding and 
(leI i! righl in lhe em!. aorJ the same is v11lid for large pieces 01 software. 
As Ihere are drawings. equs.!ions. cross-section:; and me like for buildings. Ihere musl be 
equations. specificalions anel elrawings lor software. II is nol for being ~bslr8.ct Ihal softVlare is less 
complex Ihan buildings or mechanical artifacts. iI any!hing. il is more complel.t 

The "execulion" of lhe program 01 work hinleel here. applieel lo some re ô.l systems lha.! 
progrt\mmers V/ould do in prac1ic-e (such t\s lhe Hyperlel-:I projec:1 described in [f'.1eira 87d]). 
woulel mosl cerlainl)' generale /) Vleall.h of knowledge in lhe lields of software engineering il de8.ls 
wilh (16ngu8ge design Bnd irnplen.enl"tion. form aiislm Bnd melhodologies for software 
specilicolion. design ai1é! implemenla.tion. anel more). snd il is a long lerm progralllme 01 work. 11 
VIii! nol be fullillcd Vlilh one or IVlo papers. il is more likely lo 18.ke years of work lo gra.sp lhe real 
complexit)' of lhe syslems we Ole (Ieemed to ele~.1 wil.h. Furlhermore. Ihere is nol D. solulioll. bul 
man)'. 

Allasl bul nol ~t lea.sl reatler~ 81e warnecl tha.1 Ihis paper ~kirns lhe ~urf6ce of work in progre~5. 
H is not the ca.:;e Ulô.t evel)~hing '''TiU chô.nge in the lutUie, but we have nüt enteied steady state r-et. 

6. AcI\l1owlr.[lgemenls 

This work owes much lo 1.l1e seminars of lhe Fundional Progr!lmming gfOup ai UFPE (Auguslo 
Sampaio. CO.rmen SvlazPor. Ivlaria. Lieçje Sombrac Nelson Asfora. rmd Roberto Soulo Maior). 
Special thanks go lo Auguslo Sampaio. lar 10rcing me to explain some o: "m)''' Z lo hil11. which 
hos clealed lhe presenla.liol1 of Sectiol1 2. 
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