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Main Topics

In this panel, we di s cus s t he re l evance of f ormal

t echni ques f or appl yi ng object -or i ent at i on.

The obj ect - or i ent ed par adi gmi s cur r ent l y br oad-

ened f r omt he pr ogr ammi ng r eal mt o cover t he f ul l

devel opment l i f e cyc l e , i nc l udi ng (domai n) anal ys i s

and des i gn.

Thes e ext ens i ons ar e dr i ven by t he demands of

l ar ge s ys t em devel opment . Del i ver i ng huge OO

s of twar e s ys t ems r out i ne l y and cos t e�ect i ve l y i s

a s i gni �cant chal l enge. To quot e Ed Your don: "A

s ys t emcompos ed of 100, 000 l i nes of C++i s not t o

be s neezed at , but we don't have t hat much t r ou-

bl e devel opi ng 100, 000 l i nes of COBOL t oday. The

r eal t es t of OOP wi l l come when s ys t ems of 1 t o 10

mi l l i on l i nes of code ar e devel oped. "

Scal i ng up s eems t o r equi r e i ncr eas i ng t he pr ec i -

s i on of t he s emant i cs of t he l anguages / not at i ons

us ed by a t eam.

Lar ge , mi s s i on cr i t i cal pr oj ect s may have t o

demons t r at e t hat a t ar get s ys t ems at i s �es i t s s pec-

i �cat i ons pr ovabl y. Thi s s ugges t s havi ng, at l eas t ,

f ormal s emant i cs f or t he s pec i �cat i on l anguage.

When a t ar get s ys t em cont ai ns an abundance

of par al l e l i sm, we f ace t he pr obl emof val i dat i on.

Er r or s can be near l y i mpos s i bl e t o dupl i cat e i n a

concur r ent s et t i ng. Tr ans f ormat i ons t hat pr es er ve

meani ng can as s i s t t he val i dat i on. They r equi r e

pr ec i s e s emant i cs i n t hei r domai n of oper at i on.

Rel at i onal dat abas es ar e wel l under s t ood. They

can be acces s ed out of \any" pr ogr ammi ng l an-

guage. OO dat abas e vendor s want s t o o�er

t he s ame s er vi ce . Rel at i onal dat abas e t heor y i s

s oundl y gr ounded i n mat hemat i cal t heor i es l i ke t he

( t upl e) r e l at i onal cal cul us . Si mi l ar f ormal f ounda

t i ons may be r equi r ed f or obj ect s .

Can f ormal t echni ques pl ay a r ol e t o s ol ve t he

above ment i oned i s s ues ? The panel wi l l cont r as t

s hor t t erm f eas i bi l i t y and r e l evance agai ns t what

t o expect i n t he medi umand l onger t erm.

To hel p f ocus t he di s cus s i on, we l ook at t he f ol -

l owi ng s pec i �c t opi cs :

� Wi l l us i ng OO t hr oughout t he l i f e cyc l e i n-

cr eas e t he l eve l of f ormal i t y i n compar i s on

t o what has been achi eved i n t he s t r uct ur ed

par adi gm?

� Wi l l f ormal t echni ques i n OOmake t he t es t -

i ng/ val i dat i on/ ver i �cat i on of a t ar get s ys -

t emagai ns t i t s r equi r ement s eas i er by or der s

of magni t ude i n compar i s on wi t h cur r ent pr ac-

t i ce?



� Wi l l f ormal t echni ques f ac i l i t at e t he devel op-

ment of s i zabl e l i br ar i es ( at t he concept ual ,

des i gn and code l eve l ) ? I f s o, can we expect

mas s i ve r eus e , and t hus a s peed up of t he de-

ve l opment pr oces s by or der s of magni t ude?

Position Statement of Pierre

America

Obj ect - or i ent ed pr ogr ammi ng has or i gi nal l y devel -

oped wi t hout a s t r ong bas i s i n mat hemat i cal f or -

mal i sm. For many peopl e i t even s eemed t o o�er a

s ol ut i on t o t he s of t war e cr i s i s wi t hout t he need f or

al l t hat compl i cat ed mat h. However , r ecent l y t her e

i s a r api dl y i ncr eas i ng i nt er es t i n appl yi ng f ormal

t echni ques t o obj ect - or i ent ed pr ogr ammi ng.

Ther e ar e s ever al ways i n whi ch f ormal t ech-

ni ques coul d hel p i n obj ect - or i ent ed s of twar e de-

ve l opment :

� Des cr i bi ng t he bas i c concept s of our l anguages

and s ys t ems i n a f ormal , mat hemat i cal way

can dr amat i cal l y enhance our under s t andi ng

of t hemand i n s uch a way l ead t o bet t er l an-

guages and s ys t ems . Thi s appl i es par t i cul ar l y

t o dat abas es , par al l e l i sm, t ypi ng, and s uppor t

f or t he ear l y phas es of devel opment ( e . g. , r e -

qui r ement s s pec i �cat i on) . Her e i t i s not nec-

es s ar y t hat t he i ndi vi dual pr ogr ammer has de-

t ai l ed knowl edge of al l appl i cabl e f ormal t ech-

ni ques , but t hat t he des i gner s of t he l anguage

or model t ake t hemi nt o account , t hus comi ng

up wi t h a bet t er envi r onment f or t he pr ogr am-

mer t o wor k i n.

� Formal t echni ques can s uppor t t he devel op-

ment of met hods f or s of twar e devel opment ,

whi ch can t hen be t aught t o t he pr ogr ammer s

i n a l es s f ormal , but never t hel es s r i gor ous way.

Thi s i s what happened t o hi gh s chool mat he-

mat i cs , but al s o t o wel l - known t echni ques s uch

as pr e- and pos t condi t i ons and i nvar i ant s .

� I n or der t o be abl e t o r eus e s of t war e compo-

nent s , i t i s neces s ar y t o des cr i be what exact l y

t hey do, wi t hout r e f er r i ng t o t he code (whi ch i s

of t en i nt ent i onal l y unavai l abl e) . Formal s pec-

i �cat i ons have de�ni t e advant age over nat ur al

l anguage her e becaus e t hey ar e unambi guous

( I know about 50 di �er ent t hi ngs t hat coul d

each be cal l ed a `s t ack' ) and becaus e t hey can

be pr oces s ed by a machi ne (whi ch opens per -

s pect i ves f or aut omat i c s ear ch i n component l i -

br ar i es , f or exampl e) . Even i f t he act ual s pec-

i �cat i ons us ed ar e not ( compl et e l y) f ormal ,

f ormal t echni ques coul d hel p us t o devel op a

f r amewor k f or s pec i f yi ng component s i ndepen-

dent l y of t he code t hat i mpl ement s t hem.

� Fi nal l y, t her e i s of cour s e t he pos s i bi l i t y of f u

f ormal ver i �cat i on of cr i t i cal s of t war e . I t wi l

cer t ai nl y s t i l l t ake a l ong t i me bef or e t hi s i s a

r out i ne mat t er , but t o a l i mi t ed ext ent t hes e

t echni ques can al r eady be us ed now. However ,

I t hi nk t hat t hi s as pect has been over empha-

s i zed i n r es ear ch on f ormal t echni ques .

Whi l e t he pot ent i al i s c l ear l y pr es ent , a l ot of

pr obl ems s t i l l have t o be s ol ved bef or e t he above

pos s i bi l i t i es can be expl oi t ed f ul l y. Some of t hes

pr obl ems ar e s pec i �c f or obj ect - or i ent ed pr ogr am-

mi ng ( f or exampl e , t he s emant i c t r eatment of i n-

her i t ance) , but ot her s have been ar ound f or a l ong

t i me and ei t her have been s hi ed away f r om( e. g. ,

f ormal des cr i pt i on of dynami cal l y changi ng poi nt er

s t r uct ur es ) or have pr oved t o be s o di �cul t t hat

even af t er decades of act i ve r es ear ch t her e i s no �-

nal s ol ut i on yet ( e . g. , s pec i �cat i on and ver i �cat i o

of concur r ent s ys t ems ) . Ther ef or e t her e i s no hope

t hat f ormal t echni ques wi l l s hor t l y l ead t o a r evol u-

t i on i n t he s of t war e devel opment pr oces s , but I am

s ur e t hat t hey wi l l make al l t he di �er ence i n t he

l ong r un. Never t hel es s , exper i ence i n my company

s hows t hat even on a s hor t t erm, t he r i ght us e of

f ormal t echni ques s uppor t ed by t he r i ght t ool s can

make a s ubs t ant i al cont r i but i on t o t he s peed and

accur acy of t he devel opment pr oces s . And t hat i s

what i t i s al l about : f ormal i t y i s not a goal i n i t -

s e l f , but i t i s onl y us ef ul as a means t owar ds mor e

e�ci ent and mor e r e l i abl e s of t war e devel opment .



Position Statement of Derek

Coleman

Mot t o: What ' s Formal Met hods got t o do wi t h

Obj ect - or i ent ed Devel opment ?

The s ucces s of t he obj ect - or i ent ed appr oach has

gai ned much at t ent i on dur i ng t he l as t decade.

However t he s ucces s i s at t he l eve l of smal l t eam

devel opment s . I ndus t r y has l ear ned t he har d way

t hat l ar ge s cal e e�or t s ar e not s t r ai ght f orwar d. We

ar e begi nni ng t o r emember what we us ed t o know!

The l aws of s of t war e engi neer i ng s t i l l hol d - s of t -

war e devel opment mus t be a s ys t emat i c and man-

aged pr oces s . Objects are not a panacea.

Your don' s t es t1 i s a meas ur e of t he pr obl emt hat

f aces t he newpar adi gm. One of t he r es pons es i s t he

ups ur ge i n i nt er es t i n obj ect - or i ent ed anal ys i s and

des i gn and CASEt ool s . Cur r ent l y t her e i s a del uge

of obj ect - or i ent ed anal ys i s and des i gn met hods and

CASE t ool s .

A met hod i s es s ent i al l y a s et of not at i ons t o-

get her wi t h a s t r at egy, and heur i s t i cs , f or depl oyi ng

t hem. The bes t of t he newmet hods have e�ect i ve

s t r at egi es and cont ai n us ef ul heur i s t i cs , but t hey

ar e char act er i zed by t oo much emphas i s on nat u-

r al nes s of expr es s i on and i nt ui t i on. When i t comes

t o not at i ons ad-hoc- er y i s t he or der of t he day. Ev-

er ybody' s power f ul f eat ur e i s i nc l uded and ever y

di �cul t i s s ue i s i gnor ed. Whi chever met hod you

choos e , you can be s ur e t hat t he model s t hat you

devel op ar e bui l t on s and and hence any s uppor t i ng

t ool can be l i t t l e mor e t han a di agr amedi t or .

I n or der t o meas ur e up t o Your don' s t es t , de-

ve l op s af et y- cr i t i cal s of twar e , or wr i t e l ar ge concur -

r ent s of twar e , t he met hods mus t us e notat ions t hat

have a semant i cs . Thi s i s wher e formal methods

are rel evant. Des pi t e t he name, f ormal met hods

has r e l at i ve l y l i t t l e t o s ay about met hods - i t i s al l

about f ormal not at i ons . The not at i ons ar e wi de

and var i ed. Spec i �cat i on l anguages l i ke Z, VDM

and HP- SL pr ovi de pr ec i s e and abs t r act des cr i p-

t i ons of s of t war e . Al gebr ai c l anguages l i ke OBJ

and Axi s s how how modul ar i t y and execut abi l i t y

1Can we build object-ori ent ed sys t ems t hat ar e compos ed

of mi l l i ons of l i nes of code?

can be combi ned t o pr ovi de des i gn t i me pr ot ot yp-

i ng and t es t i ng. Hi gher or der l ogi c s pec i �cat i on

l anguages , l i ke HOL, have pr oved e�ect i ve i n ver i -

f yi ng des i gns .

I be l i eve t hat i f f ormal not at i ons wer e i ncor po-

r at ed i nt o obj ect - or i ent ed met hods t hen we coul d

expect :

� I mpr oved anal ys i s and des i gn met hods t hat

pr oduce coher ent model s capabl e of be i ng val -

i dat ed agai ns t r equi r ement s .

� Ri gor ous obj ect - or i ent ed met hods of devel op-

ment f or us e on s af et y- cr i t i cal appl i cat i ons .

� Obj ect - or i ent ed CASE t ool s whi ch can check

t he s emant i cs of model s .

The panel s t at ement as ks whet her us i ng t he

obj ect - or i ent ed appr oach t hr oughout t he l i f e cyl e

wi l l i ncr eas e t he l eve l of f ormal i t y? No, i t wi l l no

St r uct ur ed met hods have not l ed t o t he i nt r oduc-

t i on of f ormal met hods . I t wi l l r equi r e a cons c i ous

e�or t t o combi ne t he nat ur al nes s of obj ect s wi t h

t he pr ec i s i on of f ormal i t y i n or der t o i mpr ove t he

qual i t y of obj ect - or i ent ed t echni ques . Unt i l s uch

a f us i on t akes pl ace I am pes s i mi s t i c about t he

pr os pect s f or l ar ge- s cal e obj ect - or i ent ed s of twar

devel opment .

Position Statement of Roger

Duke

Obj ect or i ent at i on can be vi ewed as a nat ur al pr o-

gr es s i on i n t he t r end t owar ds i ncr eas ed f ormal i t y i n

s of t war e des i gn. I s s ues l i ke r eus abi l i t y, i nher i t an

and s ubt ypi ng t hat ar e i nt egr al t o obj ect or i ent a-

t i on encour age t he s ound f ormal des i gn of s ys t ems ,

and i t can be ar gued t hat i t i s pr ec i s e l y becaus e of

t hi s t hat obj ect or i ent at i on i s becomi ng s o i mpor -

t ant .

But ar e we nowi n a pos i t i on wher e t he devel op-

ment , pr oduct i on and mai nt enance of s of t war e s ys -

t ems can be cons i der ed an engi neer i ng di s c i pl i ne?

I s t he t ermSoft ware Engi neeri ng an accur at e r e-


ect i on of our di s c i pl i ne , or mer e l y s ome f r audul ent

mi s nomer ?



Al t hough s ys t emdes i gn i s cent r al i n any f ormal

devel opment , i t i s onl y par t of t he s t or y: met h-

ods f or f ormal s pec i �cat i on and ver i �cat i on need

t o be combi ned wi t h obj ect - or i ent ed des i gn, and

t he whol e s t r uct ur e i nt egr at ed wi t hi n a s ound r e-

�nement t heor y. At pr es ent we have a col l ect i on

of s omewhat di s j oi nt t heor et i cal r es ul t s . Amaj or

pr obl emt hat r emai ns i s t he weavi ng of t hes e r es ul t s

i nt o a uni �ed, cohes i ve and pract i cal engi neer i ng

di s c i pl i ne t hat i s f ormal l y bas ed.

Ther e i s good evi dence t hat t he obj ect - or i ent ed

par adi gmcan s ugges t t o us how t o pr oceed.

� Obj ect - or i ent ed s pec i �cat i on t echni ques ar e

bei ng devel oped. Cent r al t o t hi s devel op-

ment i s t he r eal i zat i on t hat s pec i �cat i on can

be s t r engt hened by i ncor por at i ng as pect s of

obj ect - or i ent ed des i gn, qui t e cont r ar y t o t he

convent i onal wi s dom t hat s epar at i on of con-

cer ns demands t hat t he i s s ues be di vor ced.

� Re�nement wi t hi n obj ect - or i ent ed s ys t ems

can be r e l at ed t o s ubt ypi ng and r eal i zed by

( r es t r i ct ed) i nher i t ance , i . e . i nher i t ance i t s e l f

s ugges t s a pos s i bl e appr oach t o r e�nement .

� As obj ect - or i ent ed s ys t ems ar e cons t r uct ed by

compos i ng under l yi ng obj ect s , t hi s compos i -

t i onal s t r uct ur e s t r ongl y s ugges t s how ver i �-

cat i on pr oof s coul d al s o be s t r uct ur ed.

Hence t he pr ognos i s i s good. For t hos e wi l l i ng t o

dr eamof a f ut ur e Ut opi a t her e i s ever y r eas on t o

bel i eve t hat obj ect or i ent at i on can be combi ned

wi t h ot her f ormal met hods t o pr oduce t echni ques

t hat wi l l dr amat i cal l y as s i s t t he s of t war e engi neer

t hr oughout t he s of t war e- cyc l e .

For t hos e mor e concer ned wi t h t aki ng s t ock of

wher e we ar e at t he pr es ent t i me, we al r eady have a

col l ect i on of ( s omewhat i ncompl et e) f ormal obj ect -

or i ent ed t echni ques t hat , even al t hough f ar f r om

per f ect , can never t hel es s he l p us t o cons t r uct mor e

r e l i abl e s of twar e s ys t ems whos e behavi or can be

pr edi cat ed and guar ant eed wi t h s ome cer t ai nt y.

Shoul d we be us i ng t hes e f ormal t echni ques ? Gi ven

t he i ncr eas i ng i mpor t ance of s of t war e cor r ect nes s

and r e l i abi l i t y we' r e damn f ool s i f we don' t .

PositionStatement of DougLea

Peopl e have gr ounds t o be nai ve l y opt i mi s t i c about

t he pr os pect s f or coupl i ng f ormal met hods wi t h OO

des i gn and pr ogr ammi ng.

Many ever yday as pect s of OOD/OOP r epr es ent

\i nf ormal f ormal met hods ", t hat ar e anal ogous t o

t hos e f ound i n var i ous f ormal s pec i �cat i on s ys t ems .

Thes e i nc l ude t he us e of abs t r act c l as s es t o dec l ar e

behavi or i n an i mpl ement at i on- i ndependent f as h-

i on, t he us e of i nher i t ance t o i ndi cat e s ubt ype r e l a-

t i ons , and r e l i ance on wel l - under s t ood abs t r act i ons

l i ke Sets, Sequences, and Maps.

The e�ect s of s uch pr act i ces may be enhanced

by t he cr eat i on of f ormal met hods t hat ext end t he

s emant i c power of t hes e as pect s of OOD/OOP, by

s uppor t i ng t he expr es s i on of pr edi cat e- bas ed con-

s t r ai nt s , axi oms , and i nvar i ant s t hat al l ow f ul l er

s pec i �cat i on of behavi or t han i s now pos s i bl e i n

mos t common OOl anguages . Languages and s up-

por t t ool s need t o evol ve t o accommodat e behav-

i or al s pec i �cat i on cons t r uct s t hat ar e , i deal l y, a

nat ur al and s ucces s f ul as t he OO cons t r uct s and

pr act i ces t hey ext end and modi f y.

Us e of f ormal met hods need not be s epar at ed

f r omor di nar y s ucces s f ul OOs of twar e devel opment

act i vi t i es . E�or t s t o i nt egr at e s t r onger s pec i �ca

t i on met hods i nt o OOl anguages t hems el ves , even

when t hi s r es ul t s i n l os s of expr es s i venes s and/or

ver i �abi l i t y ar e mor e l i ke l y t o be used i n ever yday

devel opment t han ar e i s ol at ed f ormal i sms .

Whi l e ver i �cat i on i s an i mpor t ant as pect of f or -

mal appr oaches t o s of t war e devel opment , aut o-

mat ed ver i �cat i on of OOs of twar e cons i s t i ng of t he

ki nds of mut abl e , al i as ed, and/or concur r ent ob-

j ect s commonl y f ound i n OOpr ogr ams r emai ns a

di s t ant goal . However , r es ear cher s and pr act i t i on-

er s i n non- OO cont ext s have f ound t hat t he us e

of f ormal met hods by des i gner s and pr ogr ammer s

i mpr oves r e l i abi l i t y, t es t abi l i t y, and pr oduct i vi

becaus e of t he pr ec i s i on and compl et enes s of r e-

qui r ement and des i gn s pec i �cat i ons f ormal met h-

ods encour age. I t does not s eemf ar f et ched t o be-

l i eve t hat t he s ame wi l l hol d t r ue f or OO f ormal

met hods , whi ch al r eady t end t o out per f orms t r uc-



t ur ed met hods on t hes e qual i t i es .

Whi l e f ormal met hods t hems el ves wi l l not aut o-

mat i cal l y caus e gr eat er r eus e , t he i r pr agmat i c r ol e

i n i ncr eas i ng \cons umer con�dence" i s an i mpor -

t ant i ngr edi ent i n maki ng good on t he pr omi s e

of OO met hods t o r es ul t i n mas s i ve r eus e and

pr oduct i vi t y i mpr ovement s . I n or der t o us e o�-

t he- s he l f component s wi t h con�dence, c l i ent s r e-

qui r e det ai l ed s emant i c s pec i �cat i ons of t he com-

ponent s , opt i mal l y al ong wi t h evi dence t hat i m-

pl ement at i ons meet t hos e s pec i �cat i ons . Thi s , i n

t ur n has t he pos i t i ve e�ect of enhanci ng t he wel l -

s pec i �ednes s of l ar ge s ys t ems t hat us e many s uch

component s .

PositionStatement of Gary Leav-

ens

Formal t echni ques can ai d i n t he devel opment of

hi gh qual i t y appl i cat i on f r amewor ks and l i br ar i es

of r eus abl e modul es ( s uch as c l as s es ) . I t i s a mi s -

t ake t o concent r at e on get t i ng mor e code f as t er ,

becaus e poor l y des i gned, bug- r i dden code wi l l not

be r eus ed. I f you accept t he pr emi s e t hat qual i t y i s

es s ent i al f or r eus e , t hen you ar e l ead i nexor abl y t o

f ormal t echni ques . Qual i t y s of t war e i s wel l docu-

ment ed, eas y t o under s t and, et c . The mor e car ef ul

you t r y t o be about s uch as pect s of s of twar e , t he

mor e you wi l l us e f ormal t echni ques .

For exampl e , t o devel op a r eus abl e appl i cat i on

f r amewor k, you s houl d r eus e i t your s e l f . Hence you

ar e cons t ant l y pl ayi ng bot h devel oper and cl i ent .

Spec i �cat i ons t hat s ay what pr oper t i es of s of twar e

a c l i ent can r e l y on ar e cr uci al f or keepi ng t hes e

r ol es s t r ai ght . You mus t be s ur e t o pr ogr amcl i ent

code f r omt hes e s pec i �cat i ons , s o t hat you do not

us e your devel oper ' s knowl edge as a c l i ent . A f or -

mal ver i �cat i on can guar ant ee , f or exampl e , t hat

c l i ent code onl y r e l i es on a met hod' s s pec i �cat i on,

not i t s i mpl ement at i on det ai l s . I nf ormal t echni ques

ar e t oo eas i l y s uppl ement ed by your i nt ui t i on as a

devel oper .

Obj ect - or i ent ed des i gn makes cons i s t ent us e of

abs t r act i on. Dat a abs t r act i on hel ps you s epar at e

i mpl ement at i on f r omobs er vabl e behavi or . Super -

t ype abs t r act i on, l et t i ng s uper t ypes s t and f or t he i

s ubt ypes , he l ps you s epar at e i nt er es t i ng behavi or

f r omnon- i nt er es t i ng behavi or . Thes e ki nds of ab-

s t r act i on by s pec i �cat i on ar e us ef ul not onl y i n pr o-

gr ams but al s o i n f ormal s pec i �cat i on, ver i �cat i on,

des i gn, and t es t i ng. For exampl e , you can ver i f y

t he e�ect of a mes s age s end, bas ed on t he s pec i �ca-

t i on of t he r ece i vi ng expr es s i on' s s t at i c t ype, wi t h

out knowi ng t he r ece i vi ng obj ect ' s dynami c t ype

or what c l as s i mpl ement s i t . That i s , you us e dat a

abs t r act i on t o i gnor e i mpl ement at i on det ai l , and

s uper t ype abs t r act i on t o i gnor e s ome of t he obs er v-

abl e behavi or of s ubt ypes .

I n des i gn, you can us e s ubt ypi ng as a mor e gen-

er al ver s i on of dat a t ype r e�nement . You can cr eat e

a s ubtype t o embody a des i gn deci s i on, and t o l i mi t

t he par t s of a des i gn t hat depend on t hat dec i s i on.

You can al s o us e s ubt ype r e l at i ons hi ps t o or gani ze

t he t ypes i n a f r amewor k or l i br ar y i n a way t hat

i s s ui t ed t o ver i �er s and cl i ent s , s i nce s ubtype r e l a

t i ons hi ps ar e bas ed on obs er vabl e behavi or . Tes t s

can al s o be or gani zed i n l ayer s bas ed on s ubtype

r e l at i ons hi ps , s i nce t es t s f or a s ubt ype can i nher i

t es t s f r oma s uper t ype' s t es t s ui t e .

The r eal pr obl emi n val i dat i ng s of t war e agai ns t

r equi r ement s i s �ndi ng t he \r i ght " r equi r ement s ,

s i nce one cannot f ormal l y val i dat e s of twar e agai ns t

i nf ormal r equi r ement s . Expl or at or y pr ogr ammi ng

has been us ef ul when r equi r ement s ar e f uzzy, but

i t can be expens i ve t o cons t r uct a pr ot ot ype and

t hr ow i t away. A bet t er way t o �nd t he r i ght r e-

qui r ement s woul d be expl or at or y s pec i �cat i on. I n

expl or at or y s pec i �cat i on, you woul d f ormal l y s pec-

i f y f uzzy as pect s of t he s ys t emas many t i mes as

needed t o �rm up t he r equi r ement s . Then you

coul d pr ot ot ype j us t t hos e as pect s of t he s ys t em.


