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Abstract 

Exist.illg 00 mode'ling nH't.hodologies pn'scril)(' not.at.ions, procc'sses, and guidc'linC's 

tIJat, if followe'd, <,nSIIl"(' t.hat alléllysis-Icw' 00 mode! rC'flect application sC'mantics. 

As wc' /HOvc' int.o dc·sigll, implc'llIc'l1tation-levd cOllsickrations may distort analy.,;c;­

I('Vf'llIlode'ls, alld the t.rallsit.ioll is s('amlC'ss 110 more. In this the'sis, wc describc data 

dc·finit.lon fat ilitic's ill SofIC'lfl.~8 an expcrime'lltal CASE tool for software reuse- t hat 

,lilll at. llIélilltaining tilt' illlc'grity of application data mod(,ls thloughollt the dC\'e'lop-

11I<'llt Iifc·cycle·, whilc' llIaxillli",ing opportunit.ies ror ('ode n'lise. In SoftClass, analysis­

IC'w'l data modc'Is dC'scribe application-scrnantics and are organi:œd in an inheritancc 

IJi('rarchy bas('d 011 shan'cl application-scmantics. At tlw design-I('vcl, we maintain 

t.wo kinds or dat.a modC'ls: 1) gc'neric dat.a structures, used as imple'mentation tC'm­

plat.c's for allalysio.;-I(·vel mode/H, and organiz<,d along "irnplC'ITlC'lltation inhC'ritancc" 

hic·rarchic·s, and 2) rC'ali",dLiolls of analysis-Ievc·) application ll1odels, which consist of 

Illapping .UI 'lllalysis-lev('llllodcl t.o a gene'rie data structure'. DCHign-lev('1 r<'presenta­

t.iolls of applicélf,ion ohjeds Illay he seen as h<'longing to two illdepC'ndent hierarchiC's, 

and wc' show how c'ach hil'rarchy OffNS sorne' opportunities for rC'llse. vVe show how 

data ahstract.ion supports a high-Ievd prograrn design language that is both C'asy-to­

IIS(' alld \'h(1I, SlllJPorts SOIll(' dC'sigll validation. \Ve conclude by outlining directions 

for fllrt,)wr r('s('ilrch . 
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RésUIUé 

Les méthodologiC's de' ll1o(lc~hsat iOIl Ori('lltl~I·-()h.id st iplll('llt q\l(' Il's IIIOt!i·ll's ohjl'l dll 

niveau analyse' rcflHent la sémillltiqul' du dOlllailll' d'applicatiolls. Ali Il 1011 lI'lI t cil' 

passer à la cOTlceplio/l, des consid(~ratiolls d'illlplalllcltioll tl·II(·s qllC' IcI J'(~l\tilisilti(l1l 

de code ct la performance, P('lIV('IIt. entl'el' l'n jl'u d lIlodifil'l' 1" st l'II et Illl' d'Il<~1 il al!.I'. 

Ceci a pour <'fret de Iluire à la c1a 1 t.é- cOII('('pl.t\('lI(' d('s Illot!i·I('s, 1'1. d(· ('J'C~('I 1I11C' fi~sllJ (' 

entre l'analyse ct la concept.ion; 1'('»roclH' qUf' 1'011 f,lil SOIl\'(·II1. <lIIX Ill/'\ hodol0l!.J('" dc' 

développement tradit.iollelles. Dalls c(' IIH~JlIoiJ'(', 1l0llS plOpOSOll1" d('~ IIlC"(,(llIislIlC'S clc' 

définition de données aux lIivPilllX analyse' pt (,oIH'('pl iOIl, qlli pC·I'IIl<'I.t.('IIt. dc' S("IHlI'('I', 

conccptuellernent, et dans les fait.s, l' h/I'ilaf/( .'illllal//lqllt·, IIllplicilc· d,IIlS h· dOlllaill1' 

d'applications, de l'hértlagc d'unp/allia/ioll, 1)(·J'lIlPt,t.allt. dl' J'('·IIt.ilis('1' I('s st.I'1I1't.IJI·('S 

d'implant.ation t.elles la représent.at.ioll d('s dOllIU;('S t'I. I('s cdp,OI it.llIlH's. ('(' 1 l ,,,'ail 

s'est effectué dans le context.e d'ull 0111 il CASE ('xp(~J'i"I<'IIt.,11 aplH'I/· Hop ( 'I(/.~.'i. I),IIls 

SoftClass, les modèles objet du niveau analysf' r(,pl'{·S(·Ilt.C'1I1. la S(;lllélllt.iqw· dll dOIll,lÏlH' 

d'applications. La représellt.atioll dC's ohjds du dOIll,tÏlH' d'appli( atiolls <Ill lIiwall 

conception est. faite en projetant. les lTlod(·IC's COI'l'(·s»(H1dallt.s dll lIiv('(llI clm.Iys(· SIII' 

des struc/ures de donnùs f/rn(./'f(/Iu ..... C(·s St,I'IIct.1I1'<'S SOllt ('lIc's IlIt'III<'S orgillli~('·(·s se.loll 

une hiérarchie d 'irnplan tat.ion . Nous llIontl'('l'ons (J11<' ('C'U (' J(·p/'(~se·lIt.a t. iOIl de'" dOIlIl{'(':'; 

offre plus de fl('xihilité au niveau de la con('('pt.ioll, tout. ('11 assurallt. le' lIIi1xi11l1l111 

de réutilisation possib~e. Cette repréS('IJtat.ioll S('lt aussi de' l''lse' il III' Iclllgap,c' de' 

conception de programmcs ("ps('udo-('odl''') CJ1Ii l'st. iL la fois filcil(· d'lisage' ('1, qui 

supporte ccrtai ncs validations. N OIlS «J!lc!twrolls 1(' 1II(~1II0i 1 (' ('11 SOli 1 igllalll, (J1H'lq IJPS 

directions promett('uses de reclr(~rche . 
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Chapter 1 

Introduction 

Soft ware relise has bC'en recogni",cd élS él n <'ff('ct i "(' :-'0111 1 iOIl 1 () 1 II(' soft \Va n' nisis, as 

far as improving software productivity élnd «\ledil)" [CogK l, ('o>.;!lO, 1\1<'.\'Kij, !lo\\'­

ever, software relise is still far from COllllllon. SUlll(' or II\(· 1'('ilSOIIS ,11(' lIollt(·('hllical 

but rnanagerialjo:-ganiz.atiolléll problplll, whil(· 1 II(' Illaill ol,sl i\('I(':-, .\1'(' still 1(·dIllÎ(',d 

[Mey87]. 

Several tenets of objcct-orÎC'ntatioll mak(' 00 :-'Ult.Will(· ilIOn' ('('lIsalll(" 1) III/O,.,,/f/­

tion hiding, which shields clients (obj('cls, 1lI0dlll(':-') 11'0111 :!IIpl('IIH'lItatioll Chrlllp,('S ill 

servers, 2) genericzly and ovc1'loadillg, wh Îch para Il \('t,('rÎ,1,C' f\lllet ÎOlla 1 Î t,y hy il hst.rad­

ing out sorne type-depcndencies, éllld :1) wh,., dfll/('(, whicll plOvid('s il (,OIlCl'pt Il il 1 

frarnework for reusing software COlllpOIH'lIts, 

Most object-oriented dpVe!OPIIl<'II1. IIld hodologi('s IlIak(· t.11I" dist il)('I,ioll 1'1'1.\\'('('11 

object-oriented analysis and design, Th(· plll P()~(' or no allalysi:-. is to IlIod(·1 Uw 

application domain in terms of ohjl'ds alld pat 1('111:-' or a< 1 iviti(·s/illl.(·I'(Jct.iolls 1H'1.w('(·1I 

objects. Existing 00 dcvclopuH'Il1, Tll<'thodoloJ!,i('" (<'.).1" [eoa!H, HIIIII!}!, Wil!)()j) 

prescribe that design hllilds 011 the brl'iiC c1rt:-.s :-.t IIl<'I III (' id('llt ifil'd rJl 1.11<' élllalysis 1(·v(·1 

- one aspect of the much VéllIlI1,(·d iwalTll(·s"i t rall~il i<i11 IJy i\ddill h Ilip,h 1('v,,1 ('(Jllt r.,I) 

and low levcl (utility) applicdtioll-iIHI('pl'lId('lIt ('1" ... .,(·.,. j\I(,thodoloJ!,i('''i 1('('(J)!;lIi;t,(' t 1 lit!, 

in sorne cases, sorne rC'construdillg of t11(' basic rl(Jpli( aLioll < I;\~:-.(·:-, IIIrlY 1)(, wal'J ri lit (·d 

to accornrnodate sorne implementatioll-lf'w'l «JlI< ('III'> ~I« Il as 1H'1'f'{JllrIrl 11('(' ami ('od(· 
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J'('IIM', A f1l1ml){'r of resc'ardH'rs have ohsl'rve'd 1 hrlt ('xi~tillg cla:--s hic'rarchies at the 

(/f'sigll or Hw ('odf' l('v('1 do not always "rnak(' SC'II~C'" (:.-i('(' [( '0092, Cox90]), In [Coo92], 

Cook thoroughly st udi('d Srnallt.alk-80's collc'cI iOIl c1a~~('s élnd round a numbe'r of 

dlS( J'(·paJl('i(·~ 1)('1.w('(·(1 t\w prolocols tltat clas~('s illlpl('lIlc'lIt éllld t.hl'ir place' in 1 hl' 

cod(' cla:--:; hi('rarchy, III [Cox!JO], Cox st.udil'd a (,olllIlH'rcial dass lihrary and dwl'It. on 

I.hc· (·xl.(·nt 1.0 whic h I)l(' pla('(' of SOIlle' class('s ill t h(' hi('l'al'chy did not make sense, 1301.11 

authon; ('xplaifl('d t.he' dis('J('pallci('s hy tll<' faet Ibat Cl J('lIscr/us('r of a c1ass lihrary 

i:-- a elu'Tll who apploaclH's the c1ass lihrary 1110['(' 1'10111 éL J'('<juin·rn(·IJl.s (analysis-le'v('l) 

poillt of vipw, III oth(·1' wOlds, tilt' analysis-ll'v('1 illll<'l'it cl 11('(' hic'I'al'chic's tltal carry ollly 

appliciltion-s('malltics lIlay hc' di:,tortC'd or rC'colI:,1 111('\(·<1 WIWH pu\'(' ·'comput.al ion-

S(·lIlallt.ics" (t1l<' dota structure rl'pr('s('n1.atiolls of clllal,\'sis-lC'vC'1 objc·cts) are t.akC'n 

illto (\('('OUIII. at. tlH' d('sign and t 11(' impIPllwnl al jOli Icow·!. 

III the' trflditiollal ohject.-ori('lIted prograllllllill,Lt,. 1 II<' jJ/'O,fjnllllllllT/,fj language IC11c! 

iIlIH'rit.all(,(· r('quil'('s that, sllhclasses l'Cllse super< IcI:'s('s' dala rr p/'f8flllation.s, rneaning 

t.hflt. the' ('ommOIl dat.a 1IH'lI1b(·I':'> of subclass('s should ha\'(' t.he SélllH' data r('pl'<,s<'n-

t.at.iolls flS t.hat. of sIlIH'rclassc:" TlwJ'(.[ol f', il. pIC'cludc's partial J'('lIS(' of stlperclas~'i('s 

usillg diff(·J'(·IIt. <lflt.a l'('pn'selltatiolls and impklll<'llt.at iOIlS, \VII('II Wl' ('xplol'c high 

kv('1 fUIlct.iolls thfll. llsllally d<'lwnd ollly on 1 h<, é1pplicat iOIl, 01' t hat. dC'pend slighlly 

011 t.lf(' da ta stl'llct 111'('8, Wf' fi IId tha t Sllcb fu net iOIl'i (ope'rat iOlls) ca Il 1)(' alld should he 

J'('wwd despit.(· tlH'il' diffe·I'C'lIt. t1l1dcrlying dflla [('llI'('S('lItaliolls [Mi193], Fol' {'xamp)c, 

for Adult objf'd.s, wc' Il1fly want. Adult to ha\'(' t.hc' Get_NullLOLSol1s (Adult) 

0l)('rat.ioll t.hat. Illcly look likl': 

Get_Num_Of_Sons (self: ln Person, Num: out INTEGER) 
{ 

local each_chlld : Person; 
local counter : INTEGER; 

counter = 0; 
For_Each (each_child, Get_Children (self» 

{ 
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} 

}; 

li (ls_Male (each_chlld)) then 
counter = counter + 1; 

Num = counter; 

No matter how Adult is l'('pl<'sent.c'd, Ihis npl'lcllioll cali Ill' l'I'IISI'<I hy difrl'II'1I1 

implementations of Adult, if SOIlH' disciplill(' is ('ollu\\'I'd III .H Il':-'Sillp, Adlllt's dat ,1 

components. 

The languag(' level inheritance hiel'al'chy, as ail III/pit IIlt I/ial/lil/ Ilit l't//,l'I'!J. is or!.!,.I-

nizcd according to imp!empnt.at.ion-r('!at.('c\ illforlllai iOll, '1'1)(' applil',ll iOIl-dl'I)('lId('1I1 

information is ming!ed wit.h t.he spe('ifies of 1 II<' d,\I a :-.11'111'1 1I1('S ('110:-;('11 10 J'('IlI'(':-'('1I1 

the application objects. \V(' [pcl t.h,li. t.h(' I,wo 01'1 Il O}!,O Il a 1 dillICIISiolls Il)(' ilppli(",11 iOIl-

semantics of analysis-l('v('1 COI1CCI'IIS alld tllC' PIIII' dal" ... 1 1 Il l'\. Il)'('S J'('\>I'(':-wIII al iOlls (JI 

design-Ievel conccrns should he k('pt sepaJ'al(,ly dllJ'ill)!, 1 h(, d('si).!,11 fllld illlplpll)('1I1 iI-

tion, with each keeping t.heir OWIl inhc'l'it.éll1<·C' 11i('ran hi('s. 

The motivation of this th('sis is t.o build éI Il'PI(':-'('lIlal,ioll or ol,j('cl.s t.hat. distill-

guishes between applicat.ion illhcritallce hic'l'éH('hi(':-, "11<1 illlplc'lI)('lItatioll illlll'l'it.alH'(· 

hierarchies so as to reuse ohj('('l.s \Vith t.h(' sailli' "ppli( at.ioll-s('llIilllt.i( ,-l ('VC'II if Il)('y 

have different un(krlyillg da ta strllctures. 

Our approach may be SUlllllléll'iz('d as 1'0110"':-': 

1. Extend pararnetcl iz('d class ('0 Il ('('pl. hy i III )(Id IIC i Il,!.!, tWIlH.' param(>tcrs w" ic!J 

are formai pararrwt.crs fol' fi('ld 11é1111('S. \Vil 111101 Il llHllle parallleters ,111<\ tYI)(' 

parameters toget})('r, tJ'aditiolléll (><1 ra Il 1<'1 ('riz('d ('I,I:-''>('s Iw('oll)(' flllly '''II alll 

eterized classes. Vvc cali tJ)('1IJ (;(,//('1'U- JJata Slrlldlll'(, .. or (;nSs, (:nss aJ'(' 

design level class('s and slIpport <H1ly ('Olll/Hllëdioll-n·lalc·d o(H'rat,iolls :-'11( il as 

accessors and itcrators. CDS!> are olgalliz(·d ill illI illlwl il;lll( C' Ir)('I",II( i1y ",,:-.(,d 

on corn mon field typcs and operatiolls, : {'. ba,,\('c! on bhal<·d ITflP/('1f1( rll(J/lOn 

characteristics. 
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~. Distinguish data ohj('cts élt the' élnaly~i~ 1(·\"(·] (.lpl,//("(1I/011 Obj(f'!. .. or AOs) from 

t.!lC'ir <I('S gn Ic'v('l (Applu;aI1On DaIa S/T'/I("/ /II'e,~ or A DSs). TIl(' latiN arc im­

plenll'ntation of the fOrl)H'1' u<.;ing GDSs, 'lIste'ad of ha\'ing one' single design­

lev(·l c1ass hiC'rarchy which mixe>s applicalion-s(·mant.ics and implC'mC'ntat ion­

specifies, wC' llIaintain a dcsign-levd hieléll clly of t.lw CDSs hased on shanxI im­

pl('rn('lIl.at.ion dld/'aderistics and an analysi:-.-levC'1 hie>rarchy nf t.he AOs basC'd on 

:-.har('d applicat.ion-specifie ('xl('rnal lH'haviollr, TI\(' AO hie'I'a/'c!Jy carries only 

applicat.ioll-s(·mant.ics; G DS hi('rarchy fO('lIs('s onl)' 011 cOlllputat ion-semant ics. 

ln COllS('qll('rH'(', 1,1)(' ADSs Cilll he> sC'e>n as he·longing 1,0 t.Iw two hierarchies. Tlwy 

inllC'rit. applicat.iOlH,>(·milnt.ics from AOs' hi('lardly and inlH'rit data l'e>pl'ese>nla­

t,iolls and ot.h('r COIII pllt.at.ion-sema nt ics t'rolll (; DSs' It ie'rarchy, 

:1. Combin(' tlt(· dat.a ahst.raction Ilwehani:-'llls :-'lIch as OV('rloclding and information 

hidillg alollg \'vit.h g('I)('ricity and inlJC'rÎt.c\II«· wlli('h ill'<' aln'ady nwntioncd, to 

support. c1ass d('sigll al. t.he c1('sign )e\'el. 

'1')(' h('llpfit.s from Ollr approélch an': 

• D('sigll )('vel app)icat.ion-dq)(·IHle>nt. opC'l'élt.ioIiS (cln h(' r('use'c1 ('vell if the unclC'I'­

Iying imp!c·lIlellt.ilt.ions al'(' c1iffC'l'ent.. 

1) It. lIlay hp desin'd t,o have lllultip)(' illlpl(,I\I('lItatiolls for t.lw same ana)ysis­

Ic've) c1ass fol' c1iff(·l'ent. performal1ce r('C(uirc'l\J('nts, App)icatiol1-dependcnt op­

('rat.ions of 011(' imp)('lIwrltat.ion can 1)(' rellsC'd by anot her Împ)elllC'ntation using 

a diff('I'('nt. dat a ['('IH'csPIII,atioll. 

2) W)WII a sllbcla:-.s al, analysis )('\'('1 Îs illlpl('III<'lIted Ilsing diff('I'C'rlt data rep­

n's('nt.ations 1'1'0111 its sl'lwrclclss(,s) at 1.))(' d('sig,n )('vcl, it has no ÎIlIH'ritanee 

rdat.iollship \Vith its superclass('s), but il C(/II /'('\lS(' d('sign )('\'(') application­

d('pendC'lJt, op('J'i\t.ions from i ts su perclass('~, 

• Comput.at Îorl-r<')clted operat.ions ean he re'us('cI Ily application-specifie classes. 
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Basic operat ions sn ch as a e{'essors 1 s('lerl Ol~, n>ll~1 IlIcl (li si dl'st l'llrt ors, i t ('1',\ 

tors, can be obtaiued [rolll gCIH'rie dc\t(\ ~lllll'llIJ('S, \\'111'1(' thl' h,ISÎc fllll( tiolls 

are in a paramctric fashion, TIH' applic<lt iUII-~PI'( itic cI.\~s('s (.111 \'{'\I~t' 1111'''1' 

functions by instantiating formai name pm'Hl1lPtel's .Illd type pnl·amdl'I's. 

This work was inspircd and conduct('d in t III' ."jofl( '[aM plOj(·( t ",hich is ('aIL i('<1 

out at the Universit.y of Qucbec at ~lont,J'('al. Sont 'I<lss is ail ('XPt'l'illl('lItct! 00 (':\SE 

tool for software rcw~e. Rcspol1sihl(' for d('sigllill~ é\ Il'!)!('SPlltatioll ur data ohit'I'ls 

and code representation at tlH' detaikd d('sigll h'v('I, 1 lit' alll !tOI' illlpl('III('III('<I t III' dal ,\ 

object dcfinition/classifieationjtrclllsfol'mat iOIl \Ot)ls alld \ hl' P\)L (Pl'ogl'alll J)1·~igll 

Language - for det.ailed d('sigll) compil('1 fol' Suit ('I<l:-'~. Il~ill/.!, t 1\1' cl ppl'Otl('h whi( Il is 

summarized abovc and w;lIl)(' prc's('Ilt.ed in (kt .dls ill 111i:-. t.llt'sis. 

This thcsis ean he divided int~) !'wo parts: 1 Il<' tirst pM\. ( :hap\pl' '2 \'0 ('!tapl('r 

4) presents the litcraturc J'('view that. is l'<'Iakd tu uill' appl'oacll; 1 II(' S('('oIHI part. 

(Chapter 5 to Chapter 7) is é\1I dahorat.ioll of 011\ <1ppl'lléll'h, 

Chapter 2 rrovid~s ci histol'Î cal l't'vi('w of P l'Og l''' 111111 i 1111, <11111 sh()ws t Ir(· majol' <1('v('l­

opments that lcd 1,0 object-ol'it'Ilted )ll'Ogl'a III Illi Il,!!,, "lit! disclIs:-,('s ill d<'l.ail t.Ilf' ('olu'('pls 

and the promisi ng fca\' u['('s of objP('\,-o['if'llt ('d pl O/.!,l'illll Il 1 i Il g. 

In order 1,0 cxplain how the' objl'{·t,-ol'i(,"tt'd 1l10t!('!s dl'<' tlppli('d t,u softwélJ'(' c1f'v('l­

opment cycle, in particular, how tilt' s('alHl(·~s \ 1'(\1I"I'OI'III<I\'ioll 1'1'011\ ,1IIi1lysi~ 1(,\'('1 t.o 

design level may bc distortt'd and dalTJagf'd 1)('( clll~I' of lll1i1Voidid)I(· d(·~igll ('OII~id('lcl' 

tions, wc dcdicat.c ChaptC'l' :~ t.o disclIssillg obj('('\ -Uri('ll\,('t! allcdy:-.i:-. (00;\) 11111,('11<'1 fil, 

wherc only appliratioll-S('lIlilllties al'<' (,(>Ilsid(·I'<·d. ,,"c1 obi('('I,-()J i(·III(·<I t!1'"igll (001)) 

in gcncral, whcre purcly im,_lclIH'lIt.ation l''SII<':-' 11<1\'(' \(1 1)(' \.<.1\<'11 illlo d('( 011111., illlli 

examining the diffcrcnt foei and the <liff('['('III, <I('\'('lopillg kllowl(·d!!,<' illv(llw·d al. I.lws(· 

two stages, and finally raising Uw issue t.Jwt t II(' "('parflt iOll of appli( al iOIl-S('/lliIllt i('~ 

from purely implementation lcpl'e~(,lltati()n dlll'ill)!, \ 1)(' (I<':,igll ,li,.! t 1lC' illlplf'lIlf·nl.al i(m 

level is dcmanded. 
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Since we use gcncricity, inheritancc and O\'('rloadillg 10 f>lIpport 0111' approach, 

ITI Chaptf'r 4, wc discllss variolls poJymorphi)'llls il! pl'Ogl'arnming lélllgllagcs, show 

lIow tlJ(' roI es tJH'Y pJay in software rCII s(' , alld ('xplain 0111' extellsion of paramd ric 

polyrnorphisrn gc'nericity to classes. 

As this work is C'OlIdnclecl in SofIC/us,'1, tll<' l'l'élllw\\'ork and l'f'Jatcd cont.cxt. of 

Soft.Class are dis(,\Issed in Chaptcr 5. 

111 Chaptf'r (; and 7, wc t'Iaboratc our approélch in detail alld show how to embody 

HI(' re'lIse rnethod int,o software dcvclopment ('yel!'. 

W!' will ('oncludc with discussion of furth('1' wOl'ks r('léll,cd to OUI' approélch ln 

Chaptc'r 8 . 

6 
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Chapter 2 

Object-Oriented Programming 

In this chapter, wc first review programming hi:--tol'\' t () :--('(' ho\\' ahst l';lCt iOIl pla~'('d ib 

role and show major development.s t.hat. l('cl t () ob j(.( t -ol'i('llt l'd pro,!!,I';1I1 Iflli Il,!!,. Wc' t IWIl 

discuss objcct-orientcd programmillg ill <Id ail rlOll1 !)Ot It (011("('1'1 dlld pl'o,!!,l'allllllill,!!, 

language point of view. 

2.1 History Review of Progranl1ning 

Programming has evolvcd fmm reallllélchillc'-orj('lIléd iOIl tu vil t.UiI!lllilCltillc'-Ol'j('llt('d, 

to l'eal world-orientation (objed-ori<'lItatioll). Alld it is il Iti:-.tol')' of ahst.ractioll 

[Wil'90]. 

2.1.1 Assembly Languages 

In the early days of computing, programnH'r~ \\,1011' prop,l'illllS ill hillal'.\' digits. 'l'I)('J'(' 

was no distinction hctwccl1 inf>trudiolls alld d,tld. /\.""flllbly 1r1l1fJI/(/.'I(.'; \V('I(' al)~tlil(,­

tions that reliew·d p<,ople from l('JrH'IlII)('ring t II(' ('X,\( t !lit. ~C'qll('IICC'~ or whidl sIH'('ific 

machine instructions are composed. p('op!(' 11~(·d ",VIII!HI!:-- ills!,c·;ld. tll 1('III('III!)('1' Ut(' 

code pattern that is ail abstractioll of Ut(' billéll y ill~t,llJ( t.iOIl"i. Ilow('VI'I, al. t.ltis st dg(', 

programs were totally machinc-dPJl('fHh'lIt., j,(. plUgrcllll:-' writ t('11 ill 011(' part inrlar 

asscmbly language could not be portf'd to ot\J('1' plat.fol'lll'i . 

7 
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2.1.2 High-Level Languages 

Control Structure Abstraction and Usel'-Defined Data Structures 

'1'0 SOIlI(' (·x1.(·Il1., high-I<'V<'llall~lIag('s f/'{'('d 1)('01'1(' rlOllI Illachill('-SP(·cifics. Structulwl 

plog,ralllmillg la/lgllagl's a1>!'>trrlct{'d tI (' COIIIIOI slru('\,uJ'(,s - !'>C'«IWIlC<', hranch and 

loup !'hat al e t.he basics of hUllIall logic. '1'1)(' fa ci 1 i t i('s 10 cOllsl J'uct us{'r-ddill{'d 

data structll/'CS i/l high-Ievel lallguages such a!'> Pascal alld C also Illak(' il, easi{'J' for 

prograllllJlers 1,0 d('sigll more cornplicatcd dal a st ruet IIn's titan tJ\C' OIl{'S providc'd in 

t.1H' assc'llIhly la/lg,lIrlg(·s. Each st.at{,lllcnt of él high-I('\ {'I lallguage' corn'sponds t.o 011{' 

or sC'vc'r," IlIilChil1C' ill!'>t.lllctiolls, which an' ('J'c·c1lc·d !J,\' d cO/llpilf'r 01' an intc'rpr<'l,{'J'. 

P('opl(' cali writ.<· tll(' program wit.houl. worryillg, abolIt. 1 hl' IIlld('rlyillg machines. 

Procedure Abstraction 

P/'{)('('dll/,(' ahst.raction illllst.l'at.(·s allot.}]{'r applicat iOIl of ahsl raction in progralnllling. 

Progréllllll\('J's cali grollp S('«I\C'IICC of stat,<'ITl('IlI!'> logdl)('r illt.o 0/lC' unit - proc{'dul'c 

or l'lIllction , élll\} illvoJ\<· t.11<' plOcpdurc or 1'1\11('1 iOIl by 011(> st.al(·ment.. If wc say 

t.h"t. cOIlt.rol strllct.uf'{·s arc' high-lC'w} ahslractiolls litaI arc' built into t.he languagC's, 

t.1\(' pro( ('<111/'(' rlhst.ractioll off(·l's a us(·r-ddlJ1(·d Illldl i-lc\'('1 c1hst.nlct.io/l. Prograll1l11('rs 

('ollld d('(\1 wit.h Ut(' COlllput('r al, sllch ah!'>t l'ad, 1("'(·1 t.he·y wishcd 10 have pCl'fo/'l\wd 

wit.h t.h(·s{· uS('r-defin('d pro('(·dures, alld t hC')' cali fllrt.llI'r (,ollstrue! higllC'r l('\,e! pro­

C ('dll/'('s ullt.il re(\ching (1((' higl(('st 1(,\'('1 slIch 1 !J,III II<' who\(' (>/'Ogl'éllll can hc invok('d 

hy UIl(' 1)(·o«·dlll(· cali (e.g.,"lllaill()" in C). 

2.1.3 Abstract Data Types and Modules 

Ab .... I/'ac! dala Iype .... (AD'/' .... ) shift('d (h(' focus rl'Olll rlllldioll-!Jaspd approach t.owarc\s a 

d(/III-ba.~fd appl'Oach [Co'\~ïl. Ali ADT is cOI11IHN·d of él dala struclll/'C' and associatC'd 

fUII('(iolls or pl'o('(·dures support.illg tlH' data sI 1'11('[111'('. BecéllIs(' ADTs' funct.ions or 

pnH (·dllr('s olf(·1' stable extel'llal ini,('rf,\{'C's (0 US('rs, :\ IYI\ allo\\' pl ogramll1ers to writ.c 

s 
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code without worrying aboul tl\(' Spt'Cllie rOI III III \\111\11 1111' <1,,1.\ 1" J't'Plt'M'lIlt'd, i (', 

programmers can codf' al Ih(' ahstract )('\'(') of II'hl// ("Il hl' dOIlI' \\'11 Il tilt' dl//I/ \'1'."11" 

how it is to be donc. Tilt:' dclails of t II(' l'I'I)t('''I'lllal 11111 ut' t III' d.Il.\ .\11' hiddt'II, l'III' 

users of the data only kilO\\' th(' ('xll'mal hl'!l.)\·IUlIl ur Il .. ' dd!.1 ",il h01l1 llC't (·SS.1\ il~' 

knowing how the dat.a is impl('lII(·lIl<'d. 

Ada [DODS3] impl<.'JIl('nl.s A))'I\ Ily Pl/Ch/ilt,." 'l'III' lu\lI)\\'IIl).!, (·\.llIlpll· is <Ill illlpil' 

mentation of geo\lleLric 2-D poillt. AD'I' IIsing :\d,,'~ p"( kd).',l· ",il h "('p"I"!t'c1 p.\I k,,).',(· 

specification and package impl('IlII'1I1 al iOIl [< 'éli S:"'>]' 

package point1 lS 
function makepolnt(x:Real, y:Real) return POlnt; 
functlon x_coord(P:Point) return Real, 
functlon y_coord(P:Point) return Real; 

end pointi; 

package body point1 lS 
functlon makepoint(x:Real, y:Real) return POInt; 

-- ImplementatIon of makepolnt 

function x_coord(P:Polnt) return Real; 
-- Implementatlon of x_coord 

function y_coord(P:Polnt) return Real; 
-- ImplementatIon of y_coord 

end point1; 

I-Iowever, structuree! progl'allllllillg lallgllap,(';-' (.dl,,11 d( 1 i(l'I 01 IlId( I,ill(') .tIIt! J\ 1)'1\ 

(abstraction of data) have one thing in ('OIlIlIl(JII' 111<'\' dit' IHIIII (OIl'jJ,i/I//fj-O/'/1 "Iu/, 

The Object-orient cd approd..:-h fOellfi('fi OH t II<' ,(',II wotld, 

2.2 What is Object-Oriented 

Ohject-orientation looks at a syst<'1B a~ él cl ('011(·( 1 iOIl of oh 1('( t,> t 11<l1 (lIu/p,,/llr,/( d,II ,\ 

and functions together (like A DT), 'l'Il<' IIS(' 0/ (JI) j('( h .dlow,> ilddil ICJIl,.! "I,.,t./fI( 1 iC)!1 

mechanisms, in particular, mhCI't/fl/l(,('. 
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Obj('ct-ori(·/It(·d pl{)~rit/lITIlIJl,t; = ADT.., + OIJj(·( t type' + IIIIWl'itélIlCC' [DRII8xj. 

'1 1 If' cOlln'pts of o f)) ((" élnd 111/'( l'Ilal/('( (0111<' t'rullI clrl:-."ificdtion alld kno",kdgC' 

/q)/I':-'Pllt.atioll t1J('ori('~ [StrKS, Kor!)Oj. Th('s(' «(JII( (·pt:-. aJ'(' ('\1 r('llll'ly important \\"1]('11 

doÎIlp; allaly~Îs alld d(,~jgn, alld aJ(~ prc'sc'rvc'd 11111 il codlng ]('\'('1. 

Struct.lJ/'('(! pJ'(l~rarnmillg is cétrriC'd Ollt. hy lilst fiudillg ail tll<' things that 1\('<'<1 

to be do/)(' (f1lnctiofls), and thclI r(,f'1II'siv<,ly d(·(·O/lll)():-.ing C'é\ch fllllf'tioll into slllélllC'r 

fund,iolls Ilnt.il t.h .. lallguage st.a t <'Ill (·Il1.S I('\'d i:-. \,(·é\ehed. '1'1)('1'('[01'(', St mct.l1l'c<l pl'O­

p,l'iI IIJ 1II i IIg COflC('I'IlS i I.s('l f wi th t Il<' i III pl C'Jn<'1I t.a t iOIl or t 1)(' pl ogran.1ll j IIg: t. he Sf'C! IH'I\CC'S 

tha./. (ornpos(' ('aell fllllctiol1 and thC' dat.a ~t l'II ( t III ('S IIlcllliplllat ('cl hy t h('l11. Hs first 

(1')('1-.l.lon is !/O//1 [Wir90j. 

Ohjf'd.-orÎ('n1.ed programmÎng Înil.ially Stéllt:-. ",ilh th(· illt(·nt. of t!w progralll: t.he 

lultal. Its goal is t.o fintl the objects and t.he'ir COIlIU·«ioll:-'. It, apportions rcspol1sihil­

it.i(·s of sl.oring dat.a alld mallipulat.illg dat a 10 oIJj(·('t S [WidJO]. Each objC'ct, kno\\'s 

how 1.0 st.or(' it.s OWIl informat.ion and how to pl'I 10111\ it.s 0\\'11 o}>l'rat ions. A sy~t('m 

Ih('11 is a ('oll(·ctioll of ohj('ct.s t.hal. know how II) pla.\' 1.h<,ir rol(·s withill t.he systf'lll. 

Alt.hollgh ohj('ct.-ol'ic·nl.ed progrélmming Ol\t,)' J'('aclJ('d t.hC' lillll'Iight in thC' nillet('('n­

(·ip,ht.ies, it.s origills cali he t.rac('cl hack 1.0 t II(' si,1 jes l'rolll Simula [DaItG6], which Îs 

élS otd as t.!1/' pri IIci pks or st ru ct lll'cd pl'ogra Il Il Il i Il!!,. 

Ohj(·d.-orient.ed is ddiB('<! dirrC'l'('\ltly by difl'I'I('lIt I)('opk. n('v('rtll<'lC'ss, the follow­

ing p,('I)('ral (,O/H·(·pt.S, which hav<' h('('JI agn·(·d ull d:-' basic t 0 ohj(·('t.-o1'Ïentat.ion, arC' 

tliSf\IS:·\(\d h('I'<': o (J) ('('f."l , ('[(lS.'H'8, mhr/'ltall('I', and jJo!Y/II()/·plll''''l1l ul/d dYl/amic billdl1l.'J. 

lInlik(' cOllv<'nt.ional softwarf' d('VC'loplllf'nt t('('hlliqlws, objC'('t-ori(·II1<·d modclin~ if; a 

IlllifyiJl,l!; paradigm t.hat is cOllsistent from analysis, d('~ign and illlplc'Illentation phasps 

of 1.11<' sofl.wat<· d('\,(,!opllH'1l1. life cycl(' [KorDO]. OhjPcb, classe''' and inh('rit.ancC' are 

i(klll.ifi('d and ('Onst rl\ct('d al. t.he' hcginllillg, <llIcI [>\'('S('I'\'C'<I and (,llI'iched dlll'ing <Ie­

sigB .llId impleHlt'nt.at iOB. Polymorphism R\ld d)'II,Hlli( hilldillg al'(' languagc-Icvcl 

concepts. \V(' will discl\ss thes<' krillS both (1'0111 <1 (Oll«'ptlléll point of viC'w (high 
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2.2.1 Objects and Messages 

Object-orientation models the 1't',,1 worId in 1 ('1'1 1\ S of ob/Id. ... Il \'J('\\':-: ('\'l'I~ Ihllig ,1'" 

an object, whet!l<'r COI1U'ete or absl r(l( 1. 

From a concC'ptual point. of vi('w, C'ilch ob.J('cI h<ls il s 0\\'1\ fUll 1/ 1'/' .... [t\ kyx7] 1 h,lI ,II l' 

composed by two parts: 1) al/rilH/lcs or 1J/'ol)(T! //,," of t.\1t' uhit'd, which dt'-;I 1 dll' IIIC' 

characteristics, allc! 2) actlOlI .... or bclllll'IO/l/' of 1 hl' obit" l, ",hich SPI'I ily ho\\' Il pl,i\'~ 

its l'ole and how it rcsponds to t.h(' exü'l'IIa\ ('II\·ilOlIlIH'nl.. 

From a language poillt. of vi('w, (,clch ohj('ct, is ail ('II1,it.y 1 h,ll hels 1 Ill' c,lp,lhilll \. III 

store information, to maniplliatc tIJ(' st.or(·<i informatioll, alld/or 10 l 'Ilry 0111 ~Oll\l' 

activities. Therefore, an ob.Jrct IS a1l ÎIII,('grat.t'd UIIÎt. of della and ass()cÎet!t'd 0/11'/01/0/1 .... 

- functions or procedur('s ll1alliplllat.ing t.!w dat.<I or !>('l'fol'll1illp, ~()IlH' t.1 allsfol'll\,11 iOlls 

In faet, high level attribllt,(,s 01' IHoIH'rt.ips a 1'1' J('(ll'<'sl'lIlpd Ily d,d,l, ,111<1 0pl'I,d 1011'. 

are lIsed ta elahorate the behclviolll' of t,1H' oh jC( t 1. 

Objects communicat.(' by ~fndln!1 f(l('h (JIII(T /I/('8.~I/!I( .... 'l'II(' oh il'( 1 t,o Wllll h cl 

message is sent is called 1'CCriVf:/'. A lIH'8.Wlg'" IS <1 J'('f(IlC'!.t. clskilll-', t III' Il'1 "iv/'I' III 

pèrform sorne activity. A llH'ssage lIIcly r('qu('st rlct,ivit.y alld illflllillat.ion tilt' 11'( l·iVI·1 

will nccd in arder 1.0 completc' t.he activit.y. An obj('d IlIUSt. lilI/if /· .... If/lld 1.11<' 111I'!.'>cI/-',I':' 

il. receives. By undersfand, We llH'éln t.hat. t.\)(' objC'ct, III 11 st. haVI' ,III al t.ioll ~Pl'( illl,d 

which matches the action request.('d by Ut<' IIwssag(·. Fm Il 1 cl 11111-111111' J)(,I'Spl'( 1 iVI', 

sending a message to ail obj('ct is act.llally illvokillg a /1111< t.ioll 01 (ll()('(·dllll· l,dl 

aS3cciated with that object. This will h(· discll~sC'd ill S(,( 1 iOIl ~.vt III dpI ad. 

Only an abject can acccs!> it.s own dat.a dil(·ctly. WIH'II flii ol,jl'( t. Ill'I'd!. II) dl­

cess other objects' data, il, IIlU!>!. COHllJlllllicat.c' witll UIOSt' obj('('I~ l,y s"llIlin!!; 1.111'111 

messages. The object hides its data from Ot.!H'1 obj(·cb ,tilt! allows I.Il,tl. dit 1 a 1 {J IJI' 

accessed only via its OWIl methods. 'l'hi!> is cétllC'd mfo/,"'(fl/OII IlIdl1l'l. 'l'III .... io.; illl-

lOperations are callcd mel/lOds III obJI'( t.-oTlf'lItr·d lf'rIlll/lfilogy 
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port f1l11. 1)I'('aus(' it prot(·('t~ 1 II(' obj('ct \ dal a Il ulll (llIJltl'è1l')' alld tlllilll('IHIC'd lISC' and 

itmollg 01.1)('1' tbillgs, il. prol.('cb thp obj('ct\ dellft l'Will (,olillptioll. 

l>iff(·n·lI1. killds of ohjl'cts s1.0J'(· diffC'f('1I1 kiwis or illrorlllal ion and have diffC'l'C'nt 

(·apabilil.il's 1.0 1TIi1lliplllate Hl(' data or p('rfOrlll diff('J'('1l1 art ivil iC's. Ohj('cts coordinilt(' 

wit.h ('ach otJJPr by 1l1l1foT'Tllly sC'lIding m('ssapps to êl(,colllplish ail killds of complicillC'd 

flllldioll <IIi U(·s. 

Ol,je'ct,s <lr)(1 Il)(,SSetg('S promolC' modlilar d('sign. 'l'II(' illlplpll)('nlation of ail ohj('ct 

do('s not. <1('1)(,1)(1 011 t11(' int.(·mal details or 01 1)('1' obj('cb; il, only dC'pC'llds on ho\\' 1 hey 

IC'spolHI 1.0 IIH·ssag('s. This is (,<lIIC'd ('71 ('np .. w/u 1/01/, H1/('{/1'81t/alioll is 1 he fC'SUIt (or 

ad) of hiding III(' IIIlplC'lIwlltatioll ddails or <Ill obj(·ct. l'IOIJI ils tlS('1'2. 

Ellcapsllial ion S(·pcllcll.ps élll ohjpct's inl('l'rél«' l'rolll il~ ill1pl(·IlI('nlat.ion. Ot!wr 

obj('( t.s ollly kllow who/ t.h(' ohj('ct, cali do ",il hout. kllowillg 1101/' it doC's il" This 

,dlows objp( t.s illlpl('lIwlllations to he modifi(·c1 wit!tout. J'('quiring the applicat.ions 

t.h,tf, lise t,J)('11I t.o 1)(' Illodificd. 

David Taylor madC' an analogy of ohjC'cl s 10 ('('lIs [Tay88]. (~(·lIs arC' ol'ganizC'd 

pack<lg('s Ihal. comhinc' \'(·Iat(·d information, whieh is cOlllaill<'d in IhC' DNA and pro­

tl'ill 1Il()1(·elll(·~ withill t.he Illlcl(·u~ of the ('(·11, (11)(1 1lH'1 hods, wllich are calTiC'd out 

hy sl.l'llc1 \II'('S olll.sid(' t.1)(' 1I11cl('tI~. Thc' ('(·11 is :-'111'1'(111)(1(.<1 hy éI Il)('mbrélnc 1 hal. hol h 

prolt'c1s and hid(·s Ill<' illlC'rnals or t1H' ('(,II 1'1'0111 outsidc' illtrusioll. 'l'Il<' Il)('lI1hl'anc 

hid('s t 1)(' eompl('x in1.c·l'IIal ::.11'l1c1.lII'f'S and pJ'('~('llt s él l'('lat i,'ply silllpl(· illl.(·rfacl' 10 1 hl' 

l'C'st of (1)(' ('('lIs and organislll, ('(')Is can Ilot 1('cl(l ('(H'II olll<'r's prote'in molC'cuks 01' 

diJ(·ct.ly challgc' ('ach othC'l"s st l'Ilct ,il (",; 1 !tc'y (,illl ollly l'('(HI éllld challgC' tlJ('il' 0\\'11. 

IlIslc'ad, Ilu·y S('I)(I d)(,llli('all'C'qlH'~t.s 10 01H' élIlOlh(.1'. 

2.2.2 Classes and Instances 

'\11 ohj('('t, is an)' Illing, 1'(',,1 01' absl rad, abOlit \\'hic" \\'(' slol'<' dat a and thosc oP('I'­

atiolls that. manipulatC' the data. OhjC'cts Ihat I('spolld 10 the sall1C' Ilwssag('s in the 

:!Ellcap!'tdatlOll li'l rt'allzt'd hy das ... d('filllllOll, \\'Ilich \\'dl h.' (II:-,cll~~('d 11\ tllf' lH'xt st'ctlon. 
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same way are grouped toget 11<'\', A gl'llU» of oh.it'cts 1 h.11 tII'(' \'l'lall'li ill 1 his w.IY is 

called a da",:;, an ohj('ct in a grollp is calh'd .\11 1II,~tl/ll/'/ of il cl a ... s , 

AIl the instances of a c1ass sh.\I'(· t Il(' ~all](' kllld of .11 1 rihlll<'~ hlll do 1101 shan' 

the same values of at t\'i hu t ('s, .1Ild 111(' sa II\{' 1)('11.1 \'iOlll,I, CI,I~s i~ li st.d ie ('oll('('pl: il 

is a definition of ail th(' ohjects 1H'lollgillg 10 1IIl' clll~s, Fol' (',(cllllpl(" il Hect.nngll" 

c1ass states that ('ach individual J'C'clangl<· h.ls ~11l Il prop('rl i('s fiS O/'/!JIII. t,rIt III. l'Il/o/' 

.. , and a bchaviour likt' comp"lt'_fll't'tl, drall' .... 110\\,("'('1'. ('éIC!t illdividll.t1 1'('('I.III)!,Ic' 

may have a diff('\,{'lIt siz(', posit.ioll 01 ('olor, FIUIII cl pl'Op,l'allllllillp, 1.1Ilp,1Ic1p,I"s poillt of 

view, a c1ass is an Ab ... lmrl Dai" 'I!I/J(' (A J)T). 

The Rectangle claSH cxamplc' may 1)(, illlj>I('lllt'lI11'd cl" !llllo\\'~ III (~+ 1-: 

class Rectangle : publ~c Shape { 

pr~vate: 

Point extent; 

public.: 
v~rtual void drave); 
v~rtual float compute_areaO; 

v01d Rectangle: :drav() 
{ 

//implementation of function drave) 

} 

float Rectangle::compute_area() 
{ 

} 

//~mplementat~on of functlon compute_area() 

return «extent.getX() - orlgin,getX() * 
(extent,getY() - origln.getY(») 

3This is class-ba,>cd obJcct-orientat.ioll '1IIPfp alC' 011",,. HliproHllll'1> 1'>111"/. il .... (if· If lJ(lf UI1I , wlill Il 
allow instance-level IIlherltance [Lie8fi, Stf'87) 
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} 

From t,/){' ahovp exarnpl(', wc can notice that the aUributes of abjects arc also 

ohjc'cI,s ,':r/,:nl is of c1ass point, and therf'fore, complf'x objects are composf'd of 

ot.hpr (simpl(') obj('(·l.s, t1ws<' objects, ill tUl'lJ, may be composed of ohjf'ds. The 

olH'ratioll of ail obJ<'d llIay J<'(jlliJ<' that. otll<'r objects coop<'rate and share rf'sponsi­

bilil.i('s compute_area IIS('~ Point objC'ds alld associat('d 0l)('rétl ions getX, get Y 

1.0 accornplish t,}\(' COITlIHII. .. üioll. 

Ellcapsul .. t!,ioll giws liS t!](' advantagf's of dat a protection, il. also brings about 

ot.h<>r advallt.a.g<'s s\lch as I('d\lcillg cornplC'xit.y .wd millimizing dcpel1d('l1cy. Let us 

collsid(,,. how C'T1capslllat.ioll is rf'alizpd in c!<lSS dcfinit iOll. But first., wc inl.rodllcP two 

COII('('Pt.S class as cl/l'III alld class as ,<illpp!iCl'. As w(' saw in t.he Rectangle pxample, 

fi COIII pl('x objc'ct, lTIay 1)(' mm posed of other ob jccts. Th i s is defincd al. c1ass level. 

A dm;s t.hat. relies 011 or uses allother is said to be a client; thf' ot!J('r c1ass is the 

supplier. 

Protecting data 

This is impl('ment,C'd by J'('st.ricting the right to access the dat.a portion of the 

dass. Only t!w illst.ances of the c1ass may directly acccss t.hcir data. Other 

objC'cts must ac('('ss the dat.a through t.he opc'rat.ions offerC'd hy the supplier 

dass. In C++, 01lC' C.lll n'strict. the accC'ss right llsing p"/1!alr, res/riet or public. 

Reducing complexity 

TI\(' implenH'lItélt.ioll ddails of the class arc private te ~!Y' rla,ss. A supplier class 

only expos('S t.lH' intc'I'face' 1.0 c1iC'nt c1assc's. Sorne of t.he data or operations of 

a class may \)(' ollly for intcm.l) usc's and therefore, should not be cxposcd to 

outsidC' objeds. For cXdlJ\pk, Cl VeR c1a<;s has a very comple" structure and 

il myriad of opclat.iolls, howc\'cr, a user is only intc'rested in sorne particular 
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features it offcl's, such as the state ù/ the incl/catol' and SOIll(' 0p('rat iOlls slIdl 

as Play, Record, etc .. This gr(,dtly reduCt,s the complexity of < lasses fWIIl dit'lIt 

classes' point of vie\\'. 

Millimizillg depelldellcy 

As wc rncntioned ('adier, compl"x objects art' compost'd of ot hN ohjt'cl.s. "'IIP 

corn plex class US('S ot.!wr Sil p plil'I' class('s to d('fi 11(' i ts daLt port iOIl. As t lu' 

implementation dd,ails art' hiddt'n frolll c1i<'lIts, suppli('1 c/ass('s (',III 1)(' flt'(' 1.0 

modify their internai impl<'IlIl'Ilt.ation dd.ail wit.hollt arr(·( t.illp, t.ht' (li(·IIt. dass('s, 

provided that thcy ke('p the S€\IlIC cxt.Plndl inl,{'rfan's. 

In sorne ob jcct-oricntcd langllages, slIch clS SlIla lit .. 1 k, fi c!,ISS i t.sl'I f Îs alsu 1.\'(',11.1'11 

as an object. A class that defincs class-likp ohj('ct:-. is call('11 1I/(!tH l{/.~.~. III SllIéllIl.,dk, 

a rnetaclass has only one instance that is tll<~ ddSS i !,s(·1 f. Class-I('\'('I oh jt'ds ëdso havI' 

capabilities to store information abOlit the c1clss d:-' il wholt', ,IIHI 1.0 :-'lIppOI'1. class-I('V<'I 

operations. For exalllpit-, the A verage_Height ,lUI ibllt (' fol' Person c1ass 1 dke!.., ail 

attributc of al! t.he inst.ances of Person class, wh ilt· th(' GeLPopulation oJH'I,d,ioll 

is a class-level operation. 

2.2.3 Inheritance, Subclasses and Superclasses 

Objects and classes can cali he traccd back 1,0 A D'I's, Imt illlwril.alH (' is a 11111<1 11 (' 

c0ntribution of the objcct-oriclltt'd paradigm. II. is illll(" it.all( (' (OlllbillPd wit.h !.lu' 

object and class concepts, that chal actcrize obj('ct,-ol Î(·I/t(·d Plol1pllllllllllP; [DtlIIHH]. 

Inheritance is the ability of 011(' dass 1.0 defill<' iL:-. dat.a stIll< 1.111(' <llId lH'h,wÎOIII of 

its instances as specializatioll / eX!.<'lIsÎOI\ of t.he ddi Il i t iOIl of <LIIOt.! J('/' ( la:-.:-. 01 class('s. 

A subclass describe~ a group of objects that. illiw/'it illformatioll ,lIld \H'h,lvioUI 

from an existing class. The c1a~s [rolll which a :-'UIH la:-.s illlwl Ît.s Î" c,t/I('d .c,'/I,p,:rdfl8,'1. 

A superclass is also callc(1 a basc class in C++, while a sulH:lass is calle.: dtT'itJtrl 

class. Let us elaborate on the inheritance /'(~Iati()n by ail ('x<lIllpl(~. 

15 
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A (super class 1 base class) 

(Inherîls from) 

B (subclass 1 derived class) 

Figure 2.1: Inheritancc 

SupposiIlg c1ass B inherits from c1ass A (sec Figure 2.1 [K01·90]). Class A Îs 

r(.f(·! r('d to as t.!H' hase' class and class B is l'c[cl'l'cd t,o as the derivcd class. Class B 

is cornpos{·d o[ two parts: t.he dC'rivcd part, which is in!trritrd [rom base class A, and 

t.he iHC\'('llwlltal pa\'t., wlllch a\'e newly-added [ca1,\lI'('8, specifie 1.0 B. 

Fr01ll t.ltis, we Célll S('(' that inherit.ancc élctllally rcflccts the generalization­

sp('cialiill-ltioll r('lat.ion all10ng classes. A clC'riV<'d clas8 is spccializcd from its base 

classps. And a has(' c1ass il' a g,('I1('\'al fOl'l11 of ib d('riwc\ classes. 

A <I<'rived class IISlléllly adds its OW11 rlttributes and }whaviour to define its own 

Hlliql\(, [(',II,\lr<'s in addition t.o t.hosc (attrihutcs and hehaviour) inherited from its 

haSt' c1ass. II. 1IIay also lIlodify (,hosc [('at.lIre's inherit.cd. 

Inheritance and Reuse 

Inh('l'it.anCC' produ('{'s two major pl'Omising adv:.tntages: inheritance for extension and 

illheritance for r{'use. 

16 
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• Inheritance for extension (Reuse wit.hout Modification) 

InheritanC(' allows liS to design" I\t'W clrls~ of ohjt'cts as cl Iclilll'II\1'111 of ,lI\otlwr 

For examplf', wl\(,11 defllllllg cldsst's of gt'olllt'I rie ligll\t's 10 1)(' dl~pl,\yt'd 011 .\ 

window systf'm, a Shape class il' dditH'd fi l'st, 1 !tt'll Rect.angle ,\lltl CÎn'le 

classes are added as sllbda~st's of 1 he Shape drlss. 1,.\ kr, SO\llt'Ollt' l\\Ighl IIt'('d 

Triangle. IVlfholl1 alTfl'! 1/1'1 olhfr c/a ..... 'H' .... , Il)(' elass Triangle (ail \H' adt"''' 

directlyas a subdrlsS of Shape, and TrianglE' inllt'rits a\l t1l1' d,lti! slnlt IlIlI's 

and operations flOlIl Shape, ollly IH'W r('al llI'('S SIH'cific t.o Triangle cil'<' added. 

This is the way inlJ('l'itanc<' Il<'lps pxlf'lId l'las:,,,,,, . 

• Inheritance for reuse (Reuse with Modification) 

Actually, extensioll illdudes \'('US('. 11<'1'<' /'fll."f has sp('('ific Il lt'él IIi 1Ip,: l't'IlS!' il.\' 

modifying (ovel'l'iding, cal1celling) f('cll IlI't'S fl'oJll t'xist.illg classes. Tlwy llil\'I' 

the inheritance l'dation ollly for the' plll'pOSC' of 1 (,IIM'. Fol' (%11111'1(', Ar"ay 

and Stack c1ass: a Stack can 1)(' i III p\('II\('1I tt'c1 IIsi 1Ip, a Il Ar'ray, 1.11/'11'1'01(" 

we can rnake Stack éL suhelass of Array, huI, Array alld St.ack <lit' Ilot III él 

generalizationjspecializatioll l'<'lat.ioll. Stack illll('nt.s ollly Jlur( of t11<' f('.IIIII'<'s 

of Array. C.g., Stack ollly allows a('«'~s 1.0 I.h(' fil'st ('1('11)('111., whil(' Array 

allows ac("('ss to every c!PIlWIlt. '1'11('1 ('fo)'{" Stack Il('t'ds 1.0 void pa rI. of t.!w 

operations offcrco by Array. 

Abstract Classes 

In cases of extension and l'ClISe, ab,';f ra cf ('/a.<,8" ... play a Il i III porUllI1. 101(,. J\ Il (J1).';f md 

class is a c1ass which springs [rolll a group of class(':-. whirh :-.!t(1I (' OIH' or 1lI00' I.hall 

one fcatures (data componcnts 01' opcuüions). II. acl Ilillly ab:'!,I'<l( 1,:, Ollt. t.!1(' COllllllon 

features among classes, but ib(·lf c!(){'s not lTIak(' 11111<'11 ~('IlS(' (1:' ail OI<!llIilry dits:" 

i.e., the instances of such class a)'{' rrJ('aningl('ss alld t.!1('f('fof(' :-.!tolJld 1)(' I({'V('I' 1)(' 

used in any program. Thercforc, il exists just fol' 11((' purpo:,(' of 01 gilillzat.ioll of 

17 
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inlwl'itance relat.ions I)('tw('('n other classes. Ahstract classes more often appear at 

t.he Jate stages of design and impJemcntation. thcy are rarely found at the analysis 

stag(~, since analysis foclIs('s 011 understanding the objf'cts that are "visible" in the 

Pl'oJ,/t'/ll domain. 

III the above' e'xampJe, when a ncw class Triangle is nccded, it can be adtled 

dirccl.ly as a sllhclass of Shape. Wc may re'ali7.e that Triangle and Rectangle 

shaf'(' sorne cornfllon f('at.1II'es, sil\C<~ they are both polygons. A better approach would 

J)(' 1,0 Cl'('ate an rthstrad c1rtss Polygon 1.0 ahstract the common featuresj attributes 

of t.J)(' pxist.illg C1é1SS Rectangle alld thp 011(' to !>p created - Triangle, so that the 

f('rd,lIn's in Polygon CclII he lI~(·d hy Triangle wit.hout duplication. Furthermore, 

wc muid hav(' ot.!w!" shap<'s ot.her t.han polygons, sueh as circles, to be subclasses 

of Shape, hllt tllPY do Ilot have ("0111111011 feat\ll'C'sjattributes with polygons besicles 

I,hos(' frolll Shape. 

\ 
\ 

\ 
\ 

\ , , 
\ , , , , 

G common fcaturcs >-

Figure 2.2: A bstract Class 

ln case of reuse' with modification (ovcrriding, cancellation), there are opportu­

nitit's for misusing inherilclnce. For instann', most OOP languages allowed derived 

dass('s to rcuamr;, /'fl11/plfTl/fllt. dllpheutr or void the features inherited from its base 
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class, ta change its interfac(', and t,o s\lpport él Ilt'ltél\'ioul' wltich is nHllplt'!('I) IImc" 

lated ta that of i ts base class. \Vhat const il nt ('s tilt' pmpt'r Wi(' of i Il ht'ri lill\(,(' is él 

widely debatcd tapie [Cox90, Coo!)2]. 

Multiple Inheritance 

Figure 2.:J: Mu\t.iple Inlt('rit,élll(,(' 

When a class has more than 01)(' immC'diatC' pal'('nt, it. llIay ildlprit. f(·at.,",(,s fWIII 

aIl of them. This is called multiple I1Iherila1/(·(,. For ('xéllllpl(" (Figllf'(' ~.:l), a. syst.('1Il 

is being developed for a School Adlllillistrclt.ioll Sy~t.('Ill, wlt(·f'(· a Student alld Em­

ployee class have bcen defined, alld a IWW (Jass wllos!' illS!,éllH ('~ ail' boUt StU(\f',,!.s 

and Employees is requil,(,(l. The d(~sign('r rnay C1PcltP a Student-Employee claSH as 

a subclass of hoth Student alld Employee. 

Multiple inheritancc rnay bring collflict~ slIcll as lIalll(·-c1asl\('s. Titis can Ill' solwd 

by different approaches renarnlIIg (Eiff(·1 [Mpy92]) or f'(·ddillillg f(·al.lIl'(·s (C++ 

[Str86, Lip92J) at t.he sllhclas~. 

Ducournau etc. introduced mOllotonic conflicf. resolut.ion rned,allis/lls for illllf'ri-

tance [Duc92]. 
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2.2.4 Polymorphism and Dynamic Binding 

TJH'r(' are many kincls of polymol phism. We will df'dicatc Charter 4 to diseuss fully 

HI(' variolls kind~ of polylllorpJli~l/) with cmphasis on a reuse perspective. 

Gt'II(·rally, ]Jo/YT1l01'pII1MfI llH'all~ t.he ability of an ohjf'ct 1.0 takc more than one 

forrn. In 00, polymorphisrn and dynamic hinding arc lIsed al, the language lcvel. 

'l'ogl'tlH'r th<,y support. t.!1e' inlwrit.ance mf'chanism in ohjC'ct-ol'iented programming 

lallguag('s [CarH.rJ]. 

III an obj(·cf,-ori(·nt.ed progralllllling language, a polymorphie referellee is one which 

n·fers 1.0 illSt.(tII('(·~ of lIlOl"(' than ()II<~ c1ass ov<'r t.lJ11('. In strongly typed objC'et-oriented 

languag(', a polymol phic n'f<'rcncC' hcts hoth a statle type and a dynmn1c type. The 

st.ati( type' is t.hal. sp('cifi('d in t.h(' declaration in 1.11(' program -- compile-time type. 

'l'II(' st.at.ic t.YP(· d(·t.(·l'IllillC's "II t.1}(' valid types acC<'ptahle 1.0 the referenee - the c1ass 

it.s(·lf and dll of it.s su!>( IclssPs. The dy"amie typC' of fi polymorphie referencc may 

dlang(' timing prograln <'x(·cllt.ion hut. ail within the valid types defined by the static 

tyP(·· 

For ('xampl(" aSSIIIll<' that a variable aPolygoll is declalwl as an instance of Poly­

gOI1, and aSSllllW that Polygon has two subclass('s Triangle and Rectangle. The 

d('clal ation of aPolygoll is cOllfilWd 1,0 l'der 1.0 instancC's of Polygon, instances of 

Triangle, and inst.allc(,s of Rectangle. The bl/ldl1lg to actual type of the variable 

is ollly dd,('rlllilH'd a1. rUIl-t ill\(·. This is called dyllmnlc bl1ldillg. The statie type of 

a/
J
ol!lg(Jll is alwrlys Polygon, whil(' the' dynamic type may he Polygon, Triangle or 

Rectangle d('I)('llding Oll rUIl-t.in\('. 

Dyllalllic hilldillg abo \'(·f(,ls Lo mcthod selecllOlI, which rcfers to the binding of a 

IIH'ssag(' 1.0 t.ht' 1I1('1.llod codc' t.o be execute,cl in r('sponse to that message. 

Suppose' t.hat 1.11<' procedure display is ddilled as an operation of class Polygon, 

hut l'e<!('fill('d ill 'l'riangle. Th(· message spnt t.o aPolygoll, aPolygoll display, will 

lw invokt'd d('lwllding 011 1.11(' !"un-type dynamiç t.ypf' of aPolygoll. If its l'un-time 
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type is Polygon, the cali will hl' bOllnd to t hl' I1wl hod d<'lillt'd hy Polygon. If t 1)(' 

dynamic type of aPolygoll iH Triangle, th(,11 t,Ill' rail would 1)(' hOlllld 10 th" lIJ('thnd 

as redefined in c1ass Triangle. 

The dynamic billding and polymorphie ref('n'lIn' t og,d ht'!' rt'ali~(' t.ht' ("mit' 1 t'IISt' 

by subclasses. 

Suppose that anot,l\('r mdhod ca))ed setColor is ddilwd elS ail ol)('l""t iOIl of class 

Polygon, but not ddilH'd in Triangle. The '1H'ssag,t' sent t.o 1//101.'1901/ 1 il ,II, 1 dt'l's 

to an instance of Triangle - a/Jo!YfJol/ display will <lct ually ill\'okc' t Ill' OPt'J',lt ion 

defined by POlygon, and t }w!'('fOl (' Triangle n'lIsc's t,llf' C oelt' fOI III Polygoll. 

2.3 Object-Oriented ProgranllllÎng Languages 

2.3.1 When Can a Programnling Language Be Call(~d an 
00 Language? 

An object-oricnted pl'ogramllling languagp ll111st support t.h(' following Ilot.ions: 1) 

classes, 2) inhcritance, éllld :3) polylllOl"phislTI and dyllallli( hi Ildin)!, [I\or!)(), DilIIHH]. 

Stroustrup argued tliat t!Jcre is élll important distilldioll hd.Wf·f·1I d lilllll,lIt1.L!;t' .'illl'-

porting ccrtain f('atures of prograllltuing, styl(' (1IIe1 ,t lallglt<lPF (l/abll/lfJ s!lch f(·"t.III(·S. 

"A language does not SUppOI t a tcchlli<J1H' if il, tilkps ('x('(,!,tion,d ('frol t. or skill 1.0 

write such programR." [Str88] 

However, the!'c is also a distinctioll hdw('PII il lallp;llélg(' d/M'/pl/fI"'.'! il proglillll 

style and a language s1tpportl1lg such style. FOI ('xalllpl(', SIII,dlt.,,1\., forn':,'1 IIS('J'S 

to write evcry single code by ddinillg c1a:,s (sll"('léI~<'; Jf'ldtioll, ill:,I.i1l1f C' V,II iillllf'S ,,"c1 
associated methods) and 1,0 invoke any action hy :'('ndillg Il)(':-':'dp,c'S 1.0 «'1'1,,1111 Ohjf·d,S. 

On the other hand, a claimed C++ prog,rarnn\('r (rlll WI·it(· progl ams wit.hollt. \lsill).!; 

any object-oriented notions. 

It is also truc that objf'et-oricnted progrnllllllillg clcws Ilot nl'C f's:,allly If'qllin' ail 

object-oriented prograrnrning language. For exarnplf', Il)(':,saW' pd~siflg ('fUI IH' (,\,-

40f course, there also eXlsts goot! anc! b,uJ ~t yi" III SlIlallt alk prograllulIllIg 
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1 aill(!d by 1fH:.~.~(l!J(' ""'hu/ulr 1'.~ [BldH!J], in which a fUllction SC'lld(x,p) is invoked, where 

x is tilt' o},je'ct 1,0 wlli< h Il\(' rnc~~age is s('r·t, and pis a paramet.er record that contains 

tJl(' actllal n)('s~age' and its prlrrlJlwtcrs. It is incvitahlC' that efficicncy is lost, since 

t!)(' p,trarnC'!,N l('('orel bas to }w a~sernhl('d b('fore cach fUllctioll invocation. 

J)Yllarnic bindillg cali be simulated by linking ('a eh object x with t.he functions 

possible' IJpon iL Evl'l'y ohjc·('t is imple'l1J('nlC'd as a 1'('(' 0 l'el with one operation pointing 

t,o il, t",hle of ail possihl(' fUIl( tion variations. And polymorphism is achieved hy 

('oel ('ioll (type' < ollve·l'sion). TIt(' pl'ohkm of ulIr<'lia hility is obvious and it can onl~' 

\)1' ('(>clll('pd hy (·xt.ra clisciplilH'd programming gllidC'lil](,S. 

2.3.2 Dynamic B inding vs Typing 

Pl'op,l'allllnilig lallgllélp,l'~ (,III \)(' c1assified acrording 1,0 the extent of type declaration 

alld type' c!wckinp, plovid('d al, compile tirne, such as strongly typed, weakly typed 

alld typC'\{'ss. A t.yP(> is vi('w(>d as a sd. of vahles. The type system is introduced to 

illlPOS(' cOllstraints OV('r the pos~ihle values [Dan88]. When we say a variable belongs 

1,0,\ ('('rt.ain tyP(" w<' c1rtllally )'(·st.rict 1 he possihk values it can carry and distinguish 

i t. [rolJl oU 1er ~('ts of VéI !tJ('s (1 YP(·s). 

Typ(' (,o\lst.rainl.s an' sp('cificd t.hlo\lgh the dcclaration of variables and arguments 

of fllll('t.iolls. TI\(' ('0111 pi 1('1 ilia)' dwck wlJ('t1H'r t1H' IISPS of the variables or functions 

s.l\.isfy (ar<' lOIlSi~t.('lIt ",it h) 111(' d('c1arat,ions. ~lost. of t.he trdditional languages are 

st.rollp,ly t.YP(·(1. At. t.1\(' 01 lH'r ('11<101' t.he' SpC'ctrulll, wl' also have untyped programming 

lallgutlgPs. Tlw\(> al(' two lIH'allings 1,0 Il 11 IYJ1cd: 1) il, llJ('éllIS that thcrc is no type or 

only 01/(' kiwi of t.ype ~11( Il as Lisp; 2) it !l1<'ans that 11\('1'(' o.r(' diff('rent types, hut t.he 

IIS('I' dot'sll'\. 1I('('d 10 sp('( if)' I,vp<'s of variables, as t.yp<' informat.ion can be inferrcd 

al. r\lll-t.il\l<' or (,()\l\pi1\·-t.illl<', l\lL [MiIS,t] }wlongs 10 this ratcgory. 

Th(, sallu' disl illcl iOlls llppl)' \'0 object-oriC'nl{'d plOgramrning languages. In object­

orirnt.ed programming languagrs, classes are typrs. Sincc objects not only have data 

but. al80 ha\'(' c\ssocial('d op('rat.ions, type cht'cking involves both data type compat.i-

22 



• 

• 

bilityand the dctcrrnining proper 0p('ral ions "pplict! 10 dll ohjct 1. 

Since a refercncc of a cerlain class (statie type) rail rl'fel' 10 ('itllt'I' iIlSt"III(,(':- (If thl' 

declared class, or instancc~ of ils subrlass('s, type-ch('ckillp, would tak(' plan' \\'ithi1\ 

the class hierarchy. 

2.3.3 A Comparison of Smalltalk, Eiffel and C++ 

A comparison of several progl'all1 mi IIg language's \Vi 1 h ohjc'c(,-ori('lIkd I('a t III ('S is p,i V('1\ 

in [Bla89]. In this section, wc' compare Smal1talk, Eiff('l and (~++ dS 1't'pn'sc'nt ,Itiv('s of 

three trends: 1) C++ is a l'cprcsclltativ(' of ohjc'c\,-oril'II\,('d ('xt('II:-ioIlS of ('Ol\\'l'Ilt iOIl,1I 

programming langllagl's, 2) Ei ffcl is ct 1\CW ohj<'d-oril'lIj(od la IIgllagl' W it.h 111111 t i ph, 

inheritancc, and 3) Smalltalk is llw mORt cOlIsiS\,('lIt impl('lIll'lItatioll of ohjl·c(,-oriplI!t·t\ 

principlcs. 

The following criteria were estahlisll<'d fol' th!' langllilgc' cOlllparisoll hy Blasd,,·k 

etc [Bla89]: 

1. Inheritance mechanism: C++ and Eif('c·1 support. IlIul1.ipl(· illlJ('l'it,III('(" 

Smalltalk supports single inheritancc' hllt can ('111111.11,(' 11I1I1t,ipl(· ildll'ritilll('l'. 

2. Run-time reliahility: Eifrel and Smalltalk an' IIIO\,(' l'c'liahl(' 1.ltall (:++. 

3. Uniformity of data structure: Smalltalk is il pu\'(' ohjc·('\,-ol'il'II1.I·d lallguagl', 

aIl data types are claHses. C++ l'l'tain!'> ail tll<' C·Ic-Il\(,lIt~ florn ('oIlV(·lItiOIl.d 

languages. In Eiff('l, basic data typl's al'(' /lot claHSC·H. 

4. Documentation value: The readahility of Eirrd pro).!,J'illIl"i \!'> hi).!,11<'1' th.1II 1.111' 

Smalltalk and C++ . 

• 5. Memory managclla'nt: C++ doc's Ilot pl'Ovidc· garlw,l!;t' ('olll'dioll 1,,,1. t!w 01.1\('1' 

two both have garbag(· collectol'H . 

6. Efficipncy: C++ has very high run timc cffifli'ncy. Srnalltalk has tlw lowc'st 

efficiency. And Eiffel stands bctwepn. 
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7. Language compll'xity: SllIallta!k's syntax i~ very simple. Everything is donc by 

s('fI(ling TTH·ssagps. C++ i~ Illost complex among the' thrcc. 

'J'h(· choicf! of a particlIlar lallguage d('{)('nds 011 t!l(' diffNcnt application environ­

I/WIII.. C++ is t/)(' firs/' (hoiCC' 00 languagc if pl'ogramm('rs know C and if mn-timc 

pffici('rl('y is the higllly d(·si('(~d. If high sardy and multiple inhc>ritancc top thc priority 

lis/', t./){,Il Eiff(·! nJÏght 1)(' tlw I)('sl. choiC('. Srnalltalk can always be l'ccOinmendc·d if 

(·frjci('lIcy is Ilot t!w !C'arling cril.(·rioJ1 . 

21 



• 

• 

Chapter 3 

aOA and aOD, and the 
Comparison of Inheritance 
Hierarchies of Analysis and 
Design 

Compared to traditiollal strtlctllJ'('d étllalysis alld d('~ip;1I (S/\/S\)) IIId !lodolo)!,)', 

Objcct-oriellted modcling is a lInifying 1110<\(,1, ~IMlIlIlllp, <III pltas(·s of ~ofl W,II(' <k\'<'1 

opment [Kor90]. I1owcV<'r, t)l<' trallsformation 1'101\1 illI,t1ysis to d('~iJ,.!;1I i~ ilOt. t l'ivi,tl 

[Cha92, Cha92a]. III this chapt.er, wc' first p,iw a hl id illt.lO<1llct iDII of t!\(' rlll\',IIILI)!,('" 01 

objcct-oriented model over the traditional lifc'-cy( 1(' !IIodc'ls. '1'1)('11 wc· ('XiUllirw Hl<' 00 

analysis and 00 design lIlC'thodologies in gC'IlC'ral, illll~t.l'ilt.(' t II<' di fI'l '1'1'11 1 C'~ I)('I,WI'I'II 

the two stage,>, and finally point Ollt that i" orelc'I to kc'I'p tlH' 1 laril,y of t II(' 111111'1 it <1111 (' 

relation of application-s(,lllantics dllrillg t.Jw d('si~lI, li ~c'I)c\r "tc>d ,tpplil ,1I1()1I-~I'IJI<lJII il s 

hierarchy should he maintail\f'd alollp, with t!IP IHII(' IlIIplPIIWIIl.d,ioll hll'I,I\I Ity 

3.1 Introduction 

The fundarnentaJ weaknc'ss of the COIIWlItlollillltf('-('Yc!I' (w:\lI'rl,"I) IlIodl·1 i., II... 1111 

balance betwcen analysis alld i>ynt.hesis [Agl'H(i]. 'l'Il<' Witt.(·, l'id 1 IJlod(·1 W<l~ rOI lIllIl,tf('d 

on the basis of: 1) the fad that ITIdchiTH'-time l'Ost wa~ VI'IY IlIgh (1IIIIÎt(·d h,ud .... tI/(· 

techlliques available and 1 i mi ted opportu Il i ti('s of aC('('''~ ( OIrJ pli t (., ~), a., il ( J11"('(1'lf'1I 1 (', 
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loh of t.hings W('r(' IH·(·(If·c1 ln be dOlw heforp moving 1.0 hard coding on the machines, 

2) la('k of touls 10 :-'llpport ('arli('!' devclopn)(,Ilt stages. ThC' prohlern of thf> differencC's 

bl't,W('('1I dala f10W"i ill :-.lllIctlllf'd allalysis and hicrarehif's of tasks in structured de­

:-.igll (110 llllifylllg 1Il0cl(·I) lIlak('s if difficult 1.0 illtcgratC' the phases. The problem of 

110 ('Illphasis 011 ('('11:-'(' i:-, 1f'f1f'cff'd hy tll<' fael. that each system is built from scratch 

and i:-. diHicult 1.0 Ill<lillt.aill <llld to pxtend late'r on [I\or90]. 

TIIf' obj('ct.-ori(·lIu·d paradiglll addrcsses e'aelr of tlrcse issues. Ohject-orientation 

1" illg:-. (ollfo>ist.(·IH y t,JII ollp,h thf' :-,oftwarc <kwloprne'nt lire' cycle': 1) the designer 's 

IlI0cl(·1 is silllilar 10 UJ(' all<llyst.'s 1IIod('I, and 2) t.hC' d('vclopment process is iterat.ive 

[1\01 !)() J. 

Obj('ct. oli('Ilj(·d anedysis alld (ksign modd the worlcl in terms of objects that have 

proP('1 1 i(':-. alld I)('lraviour, and f'VPllts that triggcr op<,rations that change the state of 

t./If' obj(·ct.s. 

As III ot!)('r Ille1.lrodologies, allalysis hC'lps liS uml<,!'standing the prohlem domélin, 

éllld d('sign fills ill ('Ilough d(·tail to gCIl<'rate code. Design Îs a realization of the 

étllalysis, huI, ilIJplplIH'lIlaf iOIl-lallguage inde'pe'ndcnt. 

Mal t.i 1\ alld Od<'11 gi \'(' t wo t.ypl's of objf'ct-orif'nt "d modcls for analysis and design: 

a Illod<'l of Ill{' objpd t.ypf'S <Incl t.heir structure's (object schema) and a modcl of wh al. 

happ('lls to flIC' ohj('cfs ('V('llt scl)('ma) [Mar91]. 

The tirst. 1ll0d('I, wlri( h is r<'f('lwd to as Object Struct1l1'e Analysls (OSA) and 

Ob.Jl'd S/,'//('/u n /)t -"1.fJ1I (OS f)), cOllcerns object types, classes, relationships among 

ohj('c! s, and inll<'rit e\l\('('. 

'l'Il(' otl)('r mo(h'l, ('(-\11('<1 ObJfcl lJchavior Ana/ysls (OBA) a1ld ObJect Behavior 

/), .'il!/II (OIJ/)), conn'ms t h(' I)('haviour of objects and what happens to them over 

t 111)(', 

For di rf('It'nl probl(,1Il c1omc\ ins, wc use diITerent models. In sorne applications, 

OSA and OSD an' mOI(' impol'I allt than OBA and OIlD. In others, it is the opposite. 
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In extremely complicated applications, hoth dpproacll('s {In' 11<'('<I('d, sille(' Iht's(' 1 \\'0 

models reflect the t wo aspects of 1 he n'al worlel, alld 0111.\' h." und"1 ~I alld i Il.!!, lH>t h tIlt' 

structure and bdlaviour cali \\'(' rt'ally han' d,'('p ill~ight ,lIlOlIt t he plohl"111 

The model Wt' present 11<'re is il hyhrid ohjl'ct -ori"IlI<'d 1II0<lt·1 for all,"~ sis alld 

design which is bas('d on [Coa91, Coa9la, Boo!)l]. 

3.2 Object-Oriented Analysis (OOA) 

Analysis is the activity that yields a descriptioll of wh,ll UI(' prohlt'III domaill is (Olll­

posed of, and of what tl\(' targ,('(, syHt('1ll is slIpposI'd to do, c1C'1ililillg fllllCt.ioll'll, pN 

formance and resourc('s rcquiremcllts. This conet·pt. ("011111 1)(· t.lw basis fOI " '01111 ad. 

between the client and d('wlopn and ai ms 1.0 prod \\('1' cI"a \ i Il pli t. t.o t.1t,· desigll"'" 

Object-orientcd analysis (()()A) dl'scrilH's il t.illgl't. sysklll ill t."rms of 1) objt'ds 

(entities) and th('ir attribut.('s ,md/or COlllpOII('llI.s, 1) de~crip1.iollS of h,'haviolll of 

objects and 3) inht'ritancc hit'rarchy of ohj<'ct.s. 

The steps of OOA can he divided into [Coa!H]: 

1. Identify objects in the tar.L!,('t systt'trl 

2. Identify structurcH and relations alTlong ohjects 

3. Define attributes of ('{\ch object 

4. Specify behaviour of ('ach object 

5. Classify inhcritance interrelation alTlong object.s 

3.2.1 Identify Objects 

Objects necd 1.0 reflect boUI tire problern dornain and th(~ systmrt's l'('spollsi''ilitil'~ 

[Coa91] . 

For example, a problem dOlllai" TTlight. incllllk 
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Person 
Name 
AddresB 
Welght 
Helght 
Age 
Salary 

y(.t, given syst.em 's rC'sponsibility l'or a pari i(,lliar applicat.ion may only include: 

Person 
Name 
AddresB 
Age 

Wilh OOA, an analysl sludi('s tlH' o\'Nall pl'ohkm dOlllain, fil1C'l's those aspf'c1.s 

t.héll, a!"€' flOt. wit.hin 1.11<' syst.c·m's l'('spollsihilit i('s, abslract.s t.IlOSC' aspC'ct.s of ioIN('St. 

élnd 1II0<l<,ls 1.l)(,1ll ac('()rdingly. 

IdC'lIt.ifyillg objC'ds cali lw clIITi€'d out lISillg \'éll iOUH approachC's, d('pC'nding on 1 he 

s('al(' of t.he t.a.rgC't syst.('Ill. A small sYS1C'11l (111)' yiC'lds a "fla!." s<'l. of ohjc·cts. \\,11('11 

1.11<' t.nrg<,t syst,('m il' wry larg(', dil('ct ly id('lIt ir~'ing, obj('('b; IWCOllH'S tl'icky. Largp 

sys1.(·lJIs haw' variolls ohjects in\'(,lv('d, and \'PI,\' cOl1lpl(·x int.C'ractions among objc'ct.s. 

TIlt' W(·I\-('sl.a hlished divide-a Ild-COllq lIC')' sI 1 éI 1 cg,\' \tas 1.0 Il(' a pp!ic'd, wlticIJ here mc'ans 

top-clown approach. 

The' tal'gd syst.C'm can be dividC'd into S('v(')'al ),e'lat ive'ly indC'))('IH)c'nt sub-systC'ms. 

Each SUh-SY8t('tTl is indC'!>('lld('1I1, in t.hc' 8e'1I:-<' of it s l'uuet ionali1.y. And al1 suh-syst,C'ms 

an' coordina1,('d within t.l1<' whol(' pl'ohl<-lIl dOlllclin in t.h(' way or ('oml11l1nicat.ion and 

('üopl'l'atioll 1,0 fulfill the' fUllct.Îonality as è\ \\'holt, [Cha9:2aJ. If t.h(' prohl('m domain is 

SU COJII pl icatc-d t.hat. Sil h-sys!'(,lIls IH'(\<l 10 1)(' fUI t 11('[' di vid('d i I1to small('r sub-syst ('ms, 

IlIIlIt i pic, layc'1'8 of sllh-syf.t,e'l11S may 1)(' IIM'cl 1 () Il ud('rst a nd and ana 1 y 7.(' the prohlC'm 

dOll1cl i n . 

Tl)('f(' arC' s('v<'l'éll ways to inv<,st.ip,alc' 1 \1<' probl('1Il <Iomain alld i<!<'nt.ify t.he obj('cts: 

1) OhS('I'VC' first.-hand, 2) activel)' list('n 1,0 plobl('lll dOlllain C'xpC'rts, 3) check prC'vi-
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ous OOA (reuse analysis Icvcl know\cdgt'), and 4) obtain infol'matil)Jl from clit'lIt's 

requirement documnntation [Coa91J. 

Candidate objects can tH' round in t he' following cat<'gori<'s: 

• Structures: relat.iollships among obj('ct.s - g('l\('ralizatioll-sp('ciali:.-:at.ioll lt'\,It.ioll 

and who\e-part relation, 

• Other systems with which t.he systems under cOllsid<'l'atioll will illl,t'I'ad, 

• Deviees, 

• Thing and event.s remembcl'cd, 

• Roles played, 

• Operational procedures, 

• Sites, 

• Organizational units etc. 

A candidate object must satisfy the following crit.eria: 

• Is it in problem domain? 

• Does it satisfy the domain-bascd requirerncnt'? 

• Does the system necd it to store dat.a (informatioTl)'t 

• Does it need to ofrer sorne behaviour requin'd by the syst(~III·t 

• Can it be represented by anot.hcl' obj('ct, or cali it. IH' oht.aill(·cJ t.h/'Ough HJH'rial­

ization from an cxisting gcneral object? 

• Does it need to he divided into a group of objeds t.hal. ar<~ gerH'rali:.-:a­

tion/ specialization rclated? 
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3.2.2 Identify Structures and Relations Amollg Objects 

Tlwre are three kinds of n'latiolls arnong objects: 

• (;eneralil'.atiolljsp(\cialil',ation relation 

• Wholejpart. rC'lation 

• Associatioll - instancC' collnections 

General izationjSpecialization Relation 

Polygon 

Center 
Penmeter 

getPerimeter 
move: <pos> 

A 
1 1 1 

Triangle Rectangle Pcntagon 
Ongmatlon Ortentatlon Helghl ExtensIon 

getPerimeter getPenmctcr movc: <pas> 
movc. <pos> 

Figure :l.I: Gell<>ralizationjSpecializat,ion Relation 

C<'IU'ralizat,iolljspC'cialil',ation can he vicwcd as an "is a" or "is a kind of" rel a-

t.ioll. Figur<, :1.1 shows ail ('xamplc of a gC'neralizationjspecialization relation whcrc 

Polygon is in g('nC'l'alizat.ion fonn and iL has t.hrce spC'cializations: Triangle, Rectangle 

and Pmt,agon. A Triangle' is cl kind of Polygon. Within gencralizationjspf'cialization, 

illheritall(,C' appli('s such t hat sJ>('cializ('d objects will inherits the attrihutes and be-

havioll\' from t.h(' gellelal objcct.s. 
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To identify genC'l'alizationjsp<,cializatioll n,lat ions all\ong ohj('ds, lirst cOllsidn 

each dass as a generalizat ion, and <,xamin(' its pott'Ilt ial sp('ciali~at ions lISillp, tilt' 

following criteria: 

• Is it in probl<,m domain and within systt'Ill 's r('spollsihility'! 

• Will there be inheritanc<,'! 

Similarly, consider each dass as a sp<,cializatioll, <,xalllill<' it.s pott'Ilt ial p,c'Il<'l'alizéI­

tions using the same rules mClltioned above, 

A specialized class may he ohtain('d frolll 11101'(' thall 011(' g('II('raJi;l,c·d c1ass, alld 

the hierarchy will colltain multiple- inl\('rit anc(', 

Gcneralizationjsp<,cializatioll S\.ructlll'<'S highllght. adclit.iona\ spc·ci .. li;l,ilt iOI\, ('x­

plicitly capture commonalit.i<,s, ('lIcomag<' r<'use and t\u'rdOl(' J'('c1I1(,(' Il'dul\dancy of 

at tribute and bchaviollr spcci fication, 

Whole/Part Relation 

Whole/part relation can be thoug!tt of as a "!tas il" l'(·\at.ioll. FiglIlC' :l.1 shows ail 

example wherc a Text is consisted of Paragraphs. W!tolc'/part n'Iations Il<'lp p('opl(. 

understand complcx structures by deClHnposil\g t,JH'1lI into parts, and IU'lp IIl1d('l'stand 

functionalities as a whole hy dividillg r(·spoll:-il)dit.y élnd t\l('ir coordinat.ions ,llIlong 

the componcnts [Coa91]. 

Whole/ part rel a tions tak(' several format.s in pl a et. i«': 

• Assembly-parts 

• Contain<,r-contents 

• Collection-mcmbcrs 

The purpose of finding whole/part relations is to }J('lp decornpm;(' compl('x :'ySt.('IIIS, 

"whole" or "parts" need 1,0 be ident.ifi('d only th<,y éll'(' in ttw plohl('1II dOlllain ~lId 

share in the targct systcm's respoTlsibilities. 
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Length 
Language 

0 

Paragraph 

NmrLme 
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Figure 3.2: WholejPart Relation 

Object Connection - "Side-By-Side" Interrelation 

Ohjects associatc' togdhC'r t.o {H'rform ccrtdin kinds of functionalities. In non-

trivial syst('IllS, ohj('ct,s 1lC'('d 1.0 have connections with other objects that arc neithcr 

g<'II('ralizat.ion/sp<'cializatÎolI 1101' wholcjpart rC'latC'd, but "sidc-by-side" rclated. Ob-

jPct,s coordinat<' alld COllllllllflicatC' with othC'r objects, dC'lC'gat(' other objects or com-

hill(, with ot.!H'r ohj<,ets togC'ther Lo {wrform CC'rtain functionalities [Coa91]. Figure 

:CJ shows an exalllpl<' wlwl'l' Person objC'ets and Company objects are in an Employed 

hy jEllIploy rddt.ion. 

3.2.3 Define Attributes 

• '1'1\(,1'(' is 110 fixed r<'quirpllwllt to wOI'k from d('fining attributes to specifying behaviour . 

Act ually both pC'rsp(,etiv('s arc valuable. People usually work back and forth between 
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• Person Company 

Employcd in 

V 
... . .. 

position 

salary 

Figurf' :1.3: Associat.ion - "sidt'-hy-sid('" 

these two activities. 

"Attributes arc propf'rt.ics, charad('rist ics and qllalit.ic's t.hat. (lJ'(' asnilwd to ail 

object" [Coa91J. AttrihutC's arc lIscd t.o dc'scrill(' st.at.C's (valllt's) kc'pt. wit.hill 1\11 ohjc·d. 

These attributC's must rf'fled. hoth t1](' prohlclll c10maill and t.!w systc-lIl's rt'spollsihil-

ities. 

To define the attributf's of an objecl is to spc'cify Ut(' ohjc'ct. ill 1II0r<' dc·t.ai! in Ut(' 

aspect of the states and information t.hat. are Ilt'('dcd for Ut(' pcIJ'ticulclr applkatioll 

[Coa91J. 

At the analysis level, reprC'sc'lll.ation of t.he attrihut(,s should 1)(' of no ('OIH·c'nl. '1'1)(' 

main job should focus on underst.anding t.ht' syst.(·111 and ~P('c ifying t.!w 'I(·sl)()nsihilitic·s. 

When defining attrihutes, gellcrali~atioll/sr)('('ializaf iOIl l<'Iat.ioll shollid 1)(' C'ollsid-

ered at the samf' time ill ord('!' 1,0 posit.ioll attril>llt,(·s prol)('lly 1,0 oht.alll illlwl iU1I1< C' 

and cJean structures aIlloug objects. 

3.2.4 Specify Behavior 

Objects are encapsulation of data and opC'ration. 'l'Il(' at.t.ribllt.c·s rdl('c 1, t11f' o.;1.aftos of 

an object or information k<'pt withill t.he obj(·ct., whil(' t1w (1)('l'atjolls .IJ'(· lIIalliplllat iOIl 

of these attributes and oUler ,elated obj(·cts. Th('~(· o/)('rctl,ioll~ /H'rforlll a S('I, of 

functionalities and offer cc'rtai" ~ervin's f('~ ponsi hl(' for ex il i brl,i IIg . 

• Attributes combillcd with behaviour (oJ){'ratiolls or ~('I vi«'s) top,dll('1 ~/)('('ify a 
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l1/lique ohjc'('t, Operations can be classified into algorithm-simple and algorit.hm­

cornplc!x calc'goric's. 

Algorithm-simpJc> o!)('rations are such operations as creating, connecting, access­

in!l, 1"( lfw;ln.q. Such opc'rations arc' lIsually implementation-dependent al, design and 

irnplc'nwntatioll 1(~vC'l, liince t!wy are c10sdy related 1,0 underlying data rcpresC'nt.a­

tions. 

'l'II(' othf'l" killd of 0pc'ratiollli fall into calculatton, monitorzng, transformation 

categoric·s. USllally thf'sC' kinds of opC'rations are application-specifie, but data­

n·pn·sc'ntatioll-inc!c'pC'lldc·nt. al, the dC'sign 01' implf'ment.ation level. 

'1'0 spc'ciry ail op('ratioll, t.wo steps may \)(' Ldken: 

• From 1.\)(' architc'c Lural point of view, message connection or proeessmg de­

pC'ndency has Lo 1)(' idcnt.ified. i.e., ail the related objects and their needed 

hehavioU\" reqllin'cI hy the 0pc'ration in order 1,0 fil 1 fi Il the responsihility. 

• For dd.ailC'd logic sC'qllC'llee, eaeh suhstep and the control structure are specified. 

Silllilar to the' pWCe'ss of defillillg attrihllte's, when speeifying hehaviour, gener­

ali:mt.ioll/spceiali",at.ioll J't'Iatiolls shollid he collsidered at t.he same time in order to 

positioll Iwhaviour propc'r1y to obtain inheritance and c!ean structures among objects. 

3.2.5 Classify Objects within Inheritance Hierarchies 

G(·!\('rali",ation/sp('eializat.ioll relat.ions bd.wceH objects yiclds a hierarchy (or a set of 

hic'rarchic's) call('d I1/hl'/'lltl/lcl' Il/f/'ll/'chy. As discussC'd in the previous sections, the 

classificat.ion of the inlw! it.allc(' hiprdrchy may be donc' immediately, but il, is done 

wit.hin a smal! sCO!>C' only local 10 1 he ohjC'cts of intf'rest. From the whole system or 

sllhsyst('1l1 point. of vie\\', J'('('xamilling the inheritance hiC'rarchy is desired in order to 

gel. a cleé\llC'f hic'rctrehy for ('asi('r l1nd('rstanding and potential reuse. This will affect 

t.h(' following \evC'ls for t.he dcveloplllent cycle. 
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3.3 Object-Oriented Design (OOD) 

Design is the activity thai. yi('lds an al'tifact d('scriptioll of how il tal't.!,d syst('1II will 

work. The design satisfles I.h(' l'eqlliI'PIlH'lll.. hut ('('mains 1/111'11'1111'11/(///011 [<lI/!!//II!!!' 

independent. Design can bp viewed as an implelll{'ntc\t ion of alldlysis. JI, pw\'id(·s ,t 

computational d<,scription of il program thal. Ilw<'I,s ,mc\\ysis 1't'<1Ui1t'Illt'llts. Il ditrl'I's 

from implementatioll. "Impl<'I11<'lItatioll aet ivit i('s <ln' f1l1'/I'OI//l1t li/aI, pl'o\'idillt.!, ail 

expression of the design slIitahh· fol' th<, largl't 1'1I\'itonllH'llt.s; i.(·., \lsillg 1><Il'llI'lIlal' 

programming languages, pal'ticular tools and syskms, and pal't.iclIl.t\' collfit.!,lII'rll,iOlls" 

[Cha92a]. 

Object-orienlnl de.''Igll (OOD) ean 1)(' vi(·\V<'d a lIIapping of é\lIéllysis ohj(·('l.s wil Il 

generic data structur('s along wit.h detail('d d('script ion of t Il<' I)('haviolll id('ntifi('(1 al, 

the analysis levelon the hasil-> of th(' chos(,1\ dat.a l'I'pr('s(·\lt.at.io\l. 

Although OOD uses the saJlW 1\10<1('1 as OOA, thl' not.iolls of 0(1) an' difr('\'(·nl. 

from those of OOA bccaust' design activiti('s 1\('('<\ 1.0 })(' 1)('1'1'01'11)('<1 wit.h J'(·f('J'(·II( (' 10 

compulational mode/s. OOA involves in id('ntifying applicrtl iOIl-s(·III<IIIt.ics <Itt, iblll.ps 

for each object, whitc 000 will choos(' a prop('r dat.a st.l'lIdlll'(· 1.0 (,(·pH·S(·IIt. (w'lI at.­

tribute, and then each objcct. Furt.\\('rl1lot'(', aU, ihllt.(·s alld part.s of rl\lalysls \lotio\ls 

are both mapped 1.0 compoTlcnt.s a t t.he d('sigll-I(·vPI. '1'1)(' d('sign IcV/·1 i IIlu'rit <111('(' 

hierarchy is built bascd on both tht'Îr ôt.t.ribut.(,s (r\pplica.t.i()II-~I)('( ific s) rtllt! tllI'ir 11\1-

derlying data reprc~entations (data stl'lIctlln·-sppcifics). 

GOD can be divided into the followillg st.(·ps: 

1. Class design 

2. Program design 

3. Classify objects within an implcmentation hierarchy 
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3.3.1 Class Design 

Cla . ., . ., J)".'>U!1l prodlJ(,(,~ a (kfinitioH of the r<'pr<,::,<,ntational and algorithmic propf'rt.if's 

(aHrr},ulps) of c1as~ws (lccording lo t!\(' d<'c1araliv<, constraints spccificd within OOA. 

Th(· f'('pr('s('/Itatiolls of c1assl'~ cll'(' ill a ab~tra('t fashion, i.e., high-Ievel abstract data 

Htructllr('s ind('pend('nt of élny prop,rarnming Janguag<'s. 

At. U\(' analysis ph.\,s(·, tll(' st.ructur<,s of objects are classified into generaliza­

tiolljsp('( iali",ation rd.L1 ion, wholejpart r(·latioll and "sid<,-by-side" relation. At the 

t1('Hign l(·wl, the lIotioJ\H t.o expn'HS th(' st.ructures of c1ass('s are restricted to compo­

stllOlIa[llotioll. 

AUrihut.(·s and ('ornpOllC'IIt.s id('lltified at the analysis are replaced hy components 

Hl. t!w d('sigll 1t.VC'1. "Sid('-hy-side" cOllnect.ions among several ObjC'ctH can be fepre­

s('Ilt,c>d III 011(' of 1.IH' two ways: 1) Eaeh object contains fields rcferring to other obj('cts; 

or 2) Associat.ion Ohj('ctH (t.upleH), which ar(' dC'sign-\C'vcl obj<'cts uscd t.o rcprescnt 

;lIld coordinat.(· <lnalysis-l{·v(·1 associrlt.ion hC'twf'en objf'ct.s. 

Fol' pxampIP, inst.éuI(,(·S of t.ht' Company class and inst.ances of t.he Person class 

Illay have frllp[oyrrjf'11Iployl'C c\~so('iatioll. At t.he (ksign st.age, we can let. Company 

hav«, poin1.<'r J'('f('r<'IH'('S 1,0 Persons as th{'ir crnploy{'('s. Tt is anothcl' choice to neatc 

,III associat.ion ohj{'d dc\:--s Employer_Employee whose installœs consist of tuples 

t.h,,!. J't·rp!' t.o Ut(' inst.,lIlcc·s of Ih:>t.h Company and Person class. 

At. t.he d('sign \('v('\, llC'arly ail objec!.s arc hot.h ('lIenfs, i.e., using othe1' objects 

('i t h{'" hy l'(·f(·I'(·n('(' 01 hy ~('Ildi ng ll1{'ssages, and 8('1'1'( 1'.<" i.e, used by oUler ob jeets 

t'it.ht'! by lwing J't'[(,\Tpd to or hy l)('ing spnt. ll1e:;,sages. Thel'eforc, wc have to consider 

class d('sigll from ('illwl' point of view. Champeaux <'te. give sorne guidclinf's about 

composit.ion of ('olllpOlH'nts al. the dt'sign-It'vel [Cha92]. 

1. Classt's dS S(,l'V<'l'S 

Th(· goal of dt'signing classes as sel'vers is to d{'sign each class to be amenable 

for use as a compoll{'nt of oth('l' dasses. De8ign for rfllse is a key consideration. 
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Thi~ involves: 

• Design of (abstract) dass('s ratll<'1" than mw-sho\. ohjt'ds ahstnH't out as 

many at tri butes and operat ions as pORsi bit' from su bcldsst's SO t hel 1 i t is 

easy to cxtpnd IaIN and 10 gain more J'('IIS('. 

• Design of classps int.prfacps (ac{"('s~()r, operations) rat.IH'r t.ltan of attrihllt(·s 

and transitions, l)('cause subclasses CéllI o\"{'lTid(' op('ratioJls bllt can ilOt. 

overridc attrihutes (compont'lIts). 

• Design of s~'rvic('s and protocols (a(T('SS cont.rol, loekillt?;, ('te) so t.h.tI, o\'­

jccts may b(' W'i{'d pr('didably éllld J'('liahly Ily ot I)('rs [Ch"n2]. 

• Minimizatioll of repres('lltatiolléll and information,,1 de'lIlclllds IIpOIl c1ie'nts 

(low coupling). 

2. Classes as clients 

When composing a dass using other d('fiJJ('J d<lsse's, d('.,l.qll 111"" ,.,'/1.'11' is 0/1(' of 

the main criteria. The COlleelllS for (lPsignillg classes as c1iC'nt.s an' followi/l~. 

• B1ock-box n'lise. Minilllization of f"('pn's{'IIt.at.lolI<l1 éll)(1 illforrlliltio!Jcd d('­

mands upon s('vprs, thus allowing a brocu\ range' of ('oller{,t(, obj('( t. tYlwS to 

he employcd as componeuts. This incllld('s t II(' IIS(' of Cé\pability-ba'>l'd (clb­

slract) rathef than illlplenJ('Il!'i1!'ioll-ba~('d ((OUCT('!,(') ~p('('ifj( atioll or 1111('1'­

nally acccsspd objects. For exarnple, W(' IIS(' "N('xLEI('IlI<'Ilt.(c\'{:ol\('ct.ioll)" 

to gel the next clement in a coll(·ct.ioll ills!'{'"d of lI<;illll, ''c\(;oll('( t.io!J[i+ Ij" 

for an AR RAYol' "aCollectioTl-+I)(,xt." for cl Lillkpc! Li~t.. 

• Using implement.at.ion-ind('pend(·nt d<'lc'gatioll rath('r \,hall ("olle 1('\,(' slIh­

c1assing as tl1<' compm;itional t('ch/lique' of ('hoin-. i.('., if W(' Willlt. 1,0 Il'IIS!' 

the functionalily of a claSH 1\., inst('ad of cr('ating a Hll"cla~s of (Iass Â, wC' 

huild anothcr c1ass with its dat<l containing UJ(' illslallC'(' of dass Â. 
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3.3.2 

• Mjnjlllj~at.i()11 of plotocol demaIldsupons(.rvers.This will reduce the 

c1epl'lIdI'JlcP UH t,}lf' ~erv('r. Whcn sorne changes occllr in server, the client 

will hl' étffpcl.l'd al a minimal priee . 

• Design of coordinat.ion schcmps slIch as trigger, transactions, to maintain 

slalie and dYllarnic illvariant both among components and between com­

porlcnts and ~('If. 

Program Design 

/Jm .f}1"Il1TI, J)('Slf}ll procluct's t.ilt' dC't.ailed algorithm for eadl operation on objects in an 

abstrélC't fashion (ab~tract control structures of programming languages). It requin's a 

11101"(' COllcr<'l,I' Idl'I"('Jln' lI\oclf'l for describing the program logics - the cornputational 

st. rlld. Il 1'(', 

0p('I'atiolls OJI c1assps can 1)(' c1assified into two cat('gories: 1) base functions or un­

(·olllpul.at.iollai fI\lICt.ions, sl\('h as constructor/dcstructor, acccssor/selcctor, modifier 

alld so 011, alld 2) C'olllpul.ational or comp)px functions, which are usually applicat.ion­

sp('('ilic and \IS(' 01.1)('1' has\' f\l\lcl.iolls 1.0 pcrfol'm a givC'n fUllclionality. 

'l'II<' hdSl' olH'rat.iolls t.Il<'n inclucle fi('ld op('rations that arc uspd for acc('ss and 

lIIoclilicat.ioll. M,U'till alld Ocl<·l1 examin(' two diff('rc'Ilt cdtcgorics of operations for 

sillgl('-valued fields alld Il\l\lt.ivrtlued fi('lds [Mar91J. For singlc-valucd fidd, only two 

flllld,lIlH'lIt.al ol)('r(lt.ioll~ tif'(' 11('('(\('<1: Assign and Get. l\1ult.ivalued fields requirl' at 

i<'i\st. liV(' fundanwnt.t\l Opt'J't\.t ions: Add, Remove, Detect, GeLusing and Apply. 

Add, Remove and Detect cll(' ail sdf-\'xplanatory, Get_usil1g operation allows the 

programl1l<'r 1.0 S('\ect a specifie md,hod that rctriev('s objects that satisfy thè given 

hool('i\1I ftlllction. Apply op('ration extends beyond t.he retrieve-only limitation of 

t.ll<' GeLusillg o!>clatioll, if. allows t1sers to select a specifie method which updales 

nml ai \wd ohj(·('t, 

Notice t.hat. Buch hase operations are data structure dependent but applicatIon-
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independ(,IIt. Th('s(' op('rat ions cali. t llt'J't'fol"t', IH' I\l<lppl,d din'ct I~ tll t I\l' OP(''''lt Itlll~ 

offered by th(' chos(,11 data structure. 

As for complltation-load('d operat iOlls. t lH' dt'script iOIl of tIlt' lop,i(",tl St'(IIU'lIn's ll'lIl! ' -, , 

of the control structUJ"('S is the 1l10st sigllificallt. Tht, ch'sn ipt iOIl ("ail \)(' l'it ht'I formaI 

and precise, or informaI and coar~('. USllally a P/"O!I"{/lII/IlII/!} [)f'..;c"/},flOlI 1.IIIl!lIIfl.'/f 

(PDL) is llsed to formally d('s( ri 1)(' a pl'Ogralll. 

When designing comput,('d fUllct.iom;, tl\(' foIlO\\'ing iSS\H'S I\l't't! 10 "clhl'J'(,t! 1l\1;I1~)\ 1: 

• Function expression are !PlIsabl(' 

• Function expression can he ('ag('r or la~y 

• Controlling rec\undancy 

3.3.3 Classify Objectb within an Impleluentation Hinrarchy 

The inheritancc hierarchy at the design lcv<'l is, fi l'st a IId fOI<'ll1ost., iIIl i 11\ plf'IIH'llt.II iOIl 

hicrarchy. Second, the hi('rarchy at the d('sign Ic'vI'1 s!rould k('('ps t.!\(' P,('I\l'1 aliz.II ÎOII,d 

hierarchy. 

Sorne aspects that are n'lat.ed ollly t.O dl'sigll (\1"1' ('ollsidl'l'l·d: 

1. Absfract classes are introdllccd. 

2. As fields are lIscd t.o represcnt alll'tb/lI('.~, ('OTT/po1/f,TlI .... al/d /'( f, /'f TIf', .... , of oh i('( t.s 

at the analysis phase, suhdasses that shal'(' tilt' fif'lds flonl sllIll'rdas:,«':, will 

inherit ail the characteristics incilldillg bllt. ilOt, lilllit,(·d to aUl'lbllt.(·:-.. 

3. For efficiency reaSOT1S, classes t hat have 110 IlWfII hl'I s a lit! (1)('1'<11 jOliS, bu t tira t 

rnay help understand the system dUl'illg étIlrllysi:-., lIIay Ilot IH' 11I<IPIH'd to cl,,:-.s('s 

at the design level, and rnay he J"('pl(\c<'d IIsÎng flags in t\1t' :-'lIbclas:,(·s. For 

example, given an application, wc may id('lItify t wo c1as~('s al, itllalysÎ"i I('wl: 

class Vehicle and class Car, with claSH Car as a sulH l;\s8 of (Iii:':' Vehicle. 



• 

• 

How('V('r, ill our applic al iOIl, wc only d('al \Vit h instancC's of class Car. In su ch 

ca.'i(·, wc' rnay (·Iilllinatl' c1a~s Vehicle during dC'sign and only keep class Car. 

1. Ac('('ss right.s arc' cOllsidel'l·d during design such as ma king a class as private or 

puhlic. 

'l'hl' dl'sigll lC'vpl illlJ('ritance hiC'rarchy should follow these guidplines [Wir90): 

• Mode'l a "kind-of" hi('ral'chy 

• Locatc' cornlllOIl at.t.rihutC's and operations as high as possible in the hierarchy 

• Ahl1t.ract c1ass('s shollid not. inherit from eoncrC't.e c1abscs 

• Elifllinat.(· c1as~i('s t.h,1I, do ilOt. add fundionalitiC's 

3.4 Inheritance Hierarchy at Analysis Level ver­
sus Design Level 

Alt.hough OOA alHI oon IIS(' Silllildl' lllo<!C'ls so that. tlw transformation from analysis 

10 dc'sign st.1\ge is ('1\S\('1' t. hall in t.rad i t. iOllrll st ruet lII'C'd methodologies, the transfor-

lIlilt.ioll is ilOt. t.rivial. TI\(' Illain n'ason is t.hat the two levels focus on different 

aspl'ct s. A n(lly~is is 1ll0St. ('oll('('n)('<1 wi th IIndC'rstand i ng application-semantics, and 

1('il1->1 (onCl'n)('d wit.h Il)(' computai ionill rC'pr('sent.atÎons. Design, on t.he other haml, 

is (ollc('rIlPI! \Vil h choosillg il l'I'pn'sc'lltal ion for thC' objC'ct,s in the problem domain, 

and collsidpl's IllOt'(' in t.I)(' cOlllplIt,er-persp(·ct.iv<" alt,hough in an abstract form, since 

it. is indqwnc!('llt of spPClfic lillIglldgCS and syst.ems. 

3.4.1 The Difference between the Two Hierarchies 

Tht' diffC'l"t'nt. foci of illlalysis and design yi('Id different hierarchies, which can be 

COIllIMrC'd along Il)(' following persp('ct,iv('s: 
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1. The classification rul(' 

The analysis-Ievd hierdrc!Jy is a gC'II('rali",11 iOIl/sllt'cializ,11 iOIl hit'I'al'ch~·. SPt'­

cialized classes (oh j('cl tYpt's) in !wri 1 propt'rl it'S and !H'h,\\'iour ftolll .e,c'lIc'l'cll 

class(es). The classificalloll of g<'lwlrllizdlion/S!H'cializc\lioll 1(,1,111011 is hasc'd 011 

the common prop<'11 it'S ,1IId lH'hd\'iollf. 

When mo\'cd to design 1<'\'1'1, r\llalysis I('\'d dass('s al'<' llli\ppl'cl 10 n'I'I.,Iill <Iii 1 il 

represenl.at.ions. Subclass 1'C'lat.ions arc' has('cl 011 hol.ll éllléllysis-It'wl pl'Opl'I 1 il's 

and data reprcscntatiol1s. 

Sorne objC'ct t.ypes at. the almlysis 1e'\'('1 an' Ilt'Ipflll to clc'compos(' illld t.h('11 10 

understand the syst.('1l1, hut. I.h('y t.h('I11S('lv('8 add 110 nll'llIlH'l's 01' oIH'l'at.iolls, 

Sueh classes may be delet.C'd from (\f'si.e,1I éllld 1.Ij('IC.fOI't' will 1101. ('xist. ill t.lIt' 

hierarehy. 

Design may also producc Il('W classC's I.hat cali not. 1)(' rOl1l1d al. t.11(' rlllalysis st "pp. 

Abstracl classes and classrs of as,'wrÎaluJ1/ obJrd8 al'(' such killds or ( I"ss('s 

3.4.2 What is Missing from Implementation Hierarehies 

At the design lcvcl, subclasses inlH'l'it. dat.a SI.I'U<'l.III·('S and t.h(' appli( ,II 101l-S('''I.11I1 in; 

from superclasscs. If t.he shal'<~d attl'ibut.f's of 8111'('(( laSSf'S alld SII!»( lilS1->('S (.It. allalysis) 

are represent.ed using differelli. dal.rl r-.t.ruc1.lIrC's, I.h(·11 slIh( 1.I~s(·~ (rit. d(·1->I,I.!,II) will 1101. 

be able to inherit. from superclass<,sl. III other wOlds, tilt' t1ppli('(t1.lolI-~(·III(1I1t.i('s III.IY 

yicld to the data st ruct ure repl'('scllta l.iolls, wi th 101->8 of SOli\(' j 11111'1 i I.a II( (' l'f'I at.iolls. 

3.4.3 Keeping Two Separate Hierarchies 

What has bccn rnissing from desigll hi(,l'ardli(·~ ('ail (()1I11)(·II..,a.f.f~d hy k('('pillg t11f' 

analysis-level hicrarchy unt.il deslgll and rnakillg IIIC' irnpl(·rTI(·lIta.tioll hi('r;tr('hy ollly 

1 Although ln Ilntypl'<l 00 langu.tgf\ hll('h a.,> SlIIalltalk, IIH'rf' IS uo 1 YIH' df'claralHHI :-'Jlf'f dif·f! for 
the fields, the type re!>tncllon Il> irnph(,1 tly r('qIJlrf'd 
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data l(,pw~(:lltati(m-d('IH'I)(I('nt. bill, applicat iOIl-spmantics-indC'pcndcnt so that the 

applicat.iorHll)(·cifin wrlll)(· pH"wrvpd 110 rnau'pr how thC' dC'sign implC'mpnts 1.11(' anal­

ysi~, and that t.!H' inlH'lilitlJ((' 1('lations of pach hi('rarchy can kpcp thC'ir clarity. 

Ali analysis-I('\'f'1 (1 a~s wh icI! is dl ffC'r('lItly irn plC'lTH'ntpd in C'xisting softwarC' from 

t,}w one we an' ( 11 rn'ntly d('wlopi IIg, can not f>lIclf(' the dat a repres('ntation. I1owevC'r, 

tif(' app!ieatioll-f>IH'cifics ar'(' t.h(' Séllll(' J'('gardkss t he' diffC'rent, implC'l1l<>ntat,ion, and 

thprdof(', tJH' applicatioll-d(·I)('lIdf'll1. 0p('rat,ioTlfi should be rpused. 

Ail analysis-I('v('1 sllbclass which is diffcrC'ntly implC'nwnt.cd from its supcrclass(es), 

can ilOt. shan' t.h(· dat.ct 1 ('I)fps('nt at.ion. HowC'v<'f, t\1(' suhclass-n'Iation t.hat is ident,ified 

al. t.h(· élllalysis I('vel, im pli('s t.hat, tlw appliCcl1 iOIl-~('mant ics should be inhcrited by the 

:i1l),( lasH I('gal dl('HS t,lw delta 1('1)( (·::-,cnt.at.ion, and thC'J'f'fol'f', t.he application-dependcnt 

(1)('J'dtiolls should also 1)(' illlwrited. 

WC' will ('Iabol'at.(' our approach in Chapter 5 and (5. Since a general gencl'icity 

will 1)(' IIs('c1 1,0 dpscril)(' applicat.ioll-ind('pendellt data structure rf'pl'esentations in 

0111' approach, w(' fil'~t. look at. t.h(' varions polymorphisms, especially genel'icity, in 

1.11<' Ilf'xt chapf.c·J', and H('(' how they play rolf's in soft.ware relise. Finally wc int.roduce 

01lJ' ('xt('lIsioll of gt'rl<'l'icity . 
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Chapter 4 

Polyrnorphism and Reuse 

4.1 Polymorphism 

Polymorphism in gf'Il('ral, Illeans the' ahility to ha\'(' III OI'C , t h,1Il onc' fOI'III. III plO­

gramming languages, polymorphislll nH'illlS tlH' ahilit.y t.o have' 1II0lC' t.hall olle I!/Iu. 

Polymorphism in programming languag('s is rt'f!(,ct,f't! in Ut<' fol1owillg asp('ds [C'II'S!iJ: 

• Polymorphic constants Ol' valu(' . ..; arc vallH's t.hat. may ha.w' 11101'(' t.ltan 011<' t.ypc'. 

e.g., " l " may be trf'ated as an intt'gt'r or a re'al vahl<' in <lifrc'I'ellt. ('OIlt.C'XI.. 

• Polymorphic variablc." arc variahl<'s t.hat. may haV(' Illon' t.hall 011(' t.ype'. ('.g., 

in C++, a variable' dcc\ared as of class A, may he' wwd 1.0 .. d('1' t.0 ; Il sl.,11 1( ('S of 

class A and instancf'S of ail t.he suhclass('s of c1ass A. 

• Polymorphzc funcllOns are functiom; whos(' act.ual paralll<'t,('IS ('ail have III0re' 

than one type. e.g., " + " operation ((\1\ 1)(' WoiC'd fol' illt.c'gc'J' (lclclil.ioll 01 J'C'al 

addition. 

• Polymorphzc types may be defined as typc's whosc' ope'l <tUOIIS éll'f' ill'l'li('(lble' 1.0 

actual parametcrs of more than one typt'. ('.g., a fil IICtioll whosc~ /M J'a IIU·I.('I S ill'(' 

dedared as certain types can he applied 1,0 ail the SIlI,tYI)('S of (OITf':'pOlldillg 

declared types . 
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parametric 

universal 

inclusion 

polymorphism 

overloading 

ad hoc 

. 
coerclon 

Figur(' .1.1: Varicti('s of polymorphism 

Cttl'c!<'lIi alld W('gIWI' c1assified the diff('rent kinds of polymorphism [Car8.5] (sec 

Figure 4.1). This classificat.ion ext('llds St.l'achey's work [St.r67] by introducing a n('w 

[onll of polYtrlOl'phislIl call('d mrlu.'iioll polym07'plm~m. Strachey distinguished infor-

llIally, \)('t.W('('1I two killds of polylllol'phism: Paramf'f,.ic polymo,.phism and Ad-hoc 

polymorphi .. "n. III t.!H' ('('Illaining ill t.his s('cl,ion, w(' disclIss t.he v8rious kinds of poly-

II\Ol'phislll. In S(,ct.ioll I\. J.l, wc' di!>cIIss ov('r!oading and mNcion. Next, we examine 

pal'alllf't,ric POIYIllOl'phislll. And fillally, we invpst.igatC' illclusion polymorphism. 

4.1.1 Overloading and Coercion 

ln tl\(' al>o\'(' c1rlssificatioll, ad-hoc polymorphism is fmther divided into two cate-

p;ori<'s: 01'fr/O(/d/l/9 éllld l'Of '1'('101/ • 
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OVf~rloading 

Ovcrloadin9 m('ans that 1 h(' Sdlll!' nanl<' is lIs('d 10 dt'IIOI l' di tft'I't'Ilt fUllct iOIlS, \\' hilt· t ht' 

conlpiler us('s cont('xt 10 d('tel'mi!\(' which aet \laI fu Il el iOIl is dt'lIolPd hy .\ pa! t iCIII,,1' 

instance of th(' nanw. 

Overloading lh;clf is nol 1 l'II(' polylllorph iSIll i Il t hl' SI'IIS(' t!tel 1 i IIs1 t'éld of a Il op!'1' 

ation applicahl(' 1.0 many types of argull\('nt s, Wt' allo\\' t hl' nalllt' of t hl' OpNilt iOIl t () 

be used for many types. The cod(' actllally ('x('cukd is (l'Ii!.t· difft'!('lIt froll\ 011(' to 

an ot.her. However, ov('r1oadillg is ilOt. jusl a sylltac\.ic COlIst l'lIeI allowill,l!, t Ill' S,IIII(' 

name for diffe! ('nt sellld lit ie ob jt'( ts: t.he (h'si 1'(' 1.0 ovt'r!oad fUIlet. jOlis 01' 1)1 ()('('dlll'('s 

reflects th(' similarit.i('s of their strud\ll'('s élnd Ilt'h.IViolll St'llIéllI! i('s. For (·"(llllpl<., 

the operation name "add" cali h(' ov('rload(·d 10 dt'lIo!t' 10 .l<ldill,l!, an ('1('111('111 lu illI 

array, 1,0 a link-li:,t, to a ql\('IIC or 1.0 a st'l, TI\(' IIS(, of tilt' salll(' Il''")(' 1'01 t.lr(·S(· f01l1' 

operations <,mbodi('s th<, similarit.i(·:; of t.\w cOlll,ail\t'l' si l'I\C\.I\1'('S and \.IIt' Ilt'haviolll' of 

t.he four dat.a t.ypes. 

Coercion 

Coerczon is actually a semantic op('ratioll to cOflw'rt t11C' argllllll'Ilt 1.0 !.lit' tyP(' d('sil!'d 

in a situation that would otherwise result in a typ!' ('l'l'or. 1\ ('OP\'{ ion l'ail 1)(' ('xplicitly 

specified by us(>rs, or irnplicitly deduc('d hy t.lre cOlllpil(·1'. III hoth ('<I~I'S, t11f' t YI)(' 

conversion operation is automat.ically iJlHNt(·d \)l'forc' iIlV()kill~ tilt' l'xJ)('('ll'd 1'1111( 1.1011 

or procedure. 

Cocrcion is Ilot true polymorphism (·i t11<'1'. 1\ Il (1)(,1 a t iOIl IIIfly "1'1)('<1 r 1.0 MI·(·PI. 

arguments of many types, but a type-collV<'rsioll 0l}('rrttioll ha~ to J,t· rlpplil'II filst 

bcfore the operation caTI lise them. TI}('r('forc~, t.Ilf' 0lwrat.ioll <If t.1I<dly hils ollly 0111' 

type. 

However, coerclon allows IIsers to orn it S(~TIIalltil ally I){'(·d(·d ty Pl' (011 V('fslons . 

When properly used, such a form of ahbr(·vië· iOIl hl'OlIght by C oer('icJ!l rnay J'(·dw(· 
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sourC<' prograrn siz€' and irnprovf' program readahility. 

For cxarnple, cunsidpring tbe algorithmic addition operator "+" in an 00 pro-

grarnllling langurlW', wc IlIny have the following situations when only considering 

INTEGER and HEAL [Car85J: 

(1) 3 + 4 
(2) 3.0 + 4 
(3) 3 + 4.0 
(4) 3.0 + 4.0 

Without C()('rcion, INTF:GER c1ass and REAL c1ass will have to implcment two 

ov«'r1oa«lcd opNatiollS "+"1 pach. After introducing cocrcion, it is po~sible to have 

INTEGEH clr/,SS impl('llu'nt INTEGER addition (which app1iC's to the only case wlwre 

both al'gllITwnt are INTEGElhi), and REAL c1ass implelTwJlt REAL addition (which 

applies to t.he sit.uation wl)('rc on(' of t h(' argullwnts is REAL). 

4.1.2 Parametric Polymorphism 

J}llramdric polymorphùml is ohtained when a function wOl'ks uniforrnly on a nurnber 

of types; these t.yP('S usually have sorne commoll structures. In parametric polymor-

phism, a polymorphie fundion may have implicit or f'xplicit type parameters that 

st.<Uld for the types of t.lw c\rguments for pach instantiation of the function. 

Polymorphie fundions are also called genenc funclions. Ada's generic packages 

and C++ t.emplc\t«,s al(' cases of generic funct.ions. It il' Ilot the gencric function that 

il' execut.('d directly, bllt. the application of the generic function by instantiating ap-

pl'opl'iat(' formai paralllCt,{'rs of the gelwric function. Thel'eforc, from a programrning 

languag«"s point. of view, g('IH'rÎc functions arc sccond-or<ler notions, i.e., they are not 

l'ull-tin\(' not.ions. 

lllllikl' owr\oading, paranwtrie polymorphisrn is a truc polymorphism in the sense 

1 For a C'ommut.ativt' op t'rai 1011, the rect'iver of the message can be elther one of the arguments 
dl'll'rll1l1wd by the compilt'r or IIlt,t'rprl'tcr 
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that the same cod(' of a paramdric fUl1ction will Il{' ('xeclllt'd for éUglll1H'llts of éllI)' 

allowed types aft('r it has b('el1 instant.iated. 

4.1.3 Inclusion Polymorphislll 

Inclusion polymorp/wi1Il is us('d to mod('\ suhtypc's alld inlH'ritalln·. TIIC' ide'il of a 

type being a subtyp<' of allotlwr t.ype has aln'ady t'xistc'd in traditiollal pro~rallllllillp; 

languages such as Pascal, w}}('re a sllhrangc' tYlH' is rl sllhty!>c' of éllI ordt'rC'c! type' 

such as INTEGEH. lu objC'ct-orit'lIlC'd progralllllling IéWgll,l,!!,!'S, IIldllSioll slIht.ype·s arc' 

applied to more compl('x data structures (dasses). For ('xall\p\(', a t.ype· r('prc'st'III illp; 

Rectangle, can be maelI' a subtypC' of a Illon' gt'lI('ral typc' Polygon. E\'c'I'~' oh.it·ct, 

of a subtype can be uscd in a sup{'rtyp{' context, in tll(' St'IlS(' t helt ('\'c'ry \{('c 1 illlg'" 

is a Polygon. Therefore, a variable dt'c1are'd as a Polygon (,dll ht' tJ:wcl 1,0 1('1'('1' t.o 

instances of Polygon and also 1.0 l'der to illstallc('s of any sllht.yp(· of Polygoll slI('h 

as Rectangle, 

In inclusion polymorphisrn, the fUllctions (opc·rat.iolls) dt'filH'd for tilt' sIII)(·rt.yp(· 

can be applied to this type and also to ail the sllht.ypc's of this typc', III t\}(' ahoV(' 

example, any operation cJ('fined by c1ass Polygoll CéllI he' IIl1if'.)rmly appli .. d 1.0 Rect­

angle, unless it has been l'<,defined by tht' dass Rectangle, 

4.2 Reuse by Function, Package and Class 

Software reuse has hecn cat,('gorizcd in difrpJ'{·IIt. ways: 1) produd, rc'1\SP, ~) hUlTlalt 

resource reuse, and 3) software compoJlc'lIts r(,IIS(~, de [Mt·y87]. Wit.t. soft.WitJ'(· C'OIlI­

ponents reuse, the unit of reus<, has ('vo!v('d from rOlltilwS (pro(('dlll'('s or fllllt tiolls) 

or routine libraries, 1.0 modules or pa('kag('s (Modula-2 [WirH:J] éllld Ada [DODR:I]), 

to classes in objcct-oricnted prograrnrning . 
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4.2.1 Routines 

A "n'usable routine" is a single f\lndion which can be directly linked into a program. 

Programm<>rs do Jlot Jl('('d 1.0 co<1(' il. r<'peatedly line by line. Functions such as data 

(,(>fIV<'rsiolls, arit.llITH'ticrll fllnct.l()Il~, cind statist.ical routines, have been utilized since 

Ut(' (·arly days of programming. 

Th(~ limit.at.iolls of r('lIsahle lOutines are that: 

• The range of reww is limit.ed t.o a fcw domains, such as mathematics, statistics, 

basic data structurc' OIWl'citions, 1/0 routines . 

• ft. l'emains ci V<'l'y low Icwl of J(·US<'. '1'11<'1'<> al'<' no good criteria 1.0 organize t.he 

1'(·lat.(·<I 0l)('ratiolls t.ogPlII(·r. In most. cases, th<> t'('usahle l'Outines are organized 

int.o Iibraries according 1,0 functionalities. 

4.2.2 Packages 

Ada and Modulè\.-2 offet' facilities to build modules or packages, which are units of 

a group of asso<'Îated f\lndions for particular data structures. The organization of 

functions lias shifted from individual function to a group of related functions. 

Ol\t' of the limitat.ions of t'eusable packages is that, short of introducing the in­

h('rit.anc(' lIleChallislll, l'pdlllldancy becom('s inevitahle. 

Embley and Woodfield dev('loped an t'nvironment that can record the Ada pack­

ag<'s along wit.h t,lH' l'(·lat.ions -- gCIl('t'al/spccial, gcneric/instantiated, etc, - among 

t.!tes(' packages [Emb87]. 

4.2.3 Classes 

Classes and dass inherit.ancc overcome the shortcomings of the previous approaches. 

TIlt' advantages of using classes arc reflccted in the following aspects: 

• A dass is a unit. of dat.a stI'llCt.ur(' and associat('d operations. It provides a good 

way to organize rdated functions toget.her. 
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• The encapsulation Ilwchanislll supplit'd hy classes protcct.s t ht' ohjt'rt's tI"t a 

from arbitrary and IInintt~I](lt'd IIS('S, which alllong 01 ht'r things. prolpct.s 1 ht' 

object 's data from corrllption (s('(' S('cI ion '2.'2.1) 

• The inheritancc m('chanisl1l r('dllc('s th<, n'dllndôney h<'t w('('n C1i1"S('S hy \Ising 

subclass relations. 

Chapter 2 and 3 have showll the advantag<'s of n'us(' off('J"('d by t.1H' obj(,ct.-ori('IlI,t'd 

model - mainly the concept of ddSS and inhNit.anC(' (inclusion poIYl\lorphislll). III 

the next section, we see how gcncricity plays tI)(, rol(, in n'IIS('. 

4.3 Genericity and Reuse 

The fundamental idca of Ilsing paran1<'tt'ri~(ttioll is to lIJaX"Il1~(' progral\l r('IISt' hy 

storing programs in an as gcncral fonn as possiblc>. ProgralHllH'rs cali lal.l'r COllst.nlCt. 

a new program module by instantiating approprial.t' param<'l,Ns asso('lal.('d wil.h th(' 

generic module. Such capacity is availablt' in Ada in t.l1(' forlll of g('II('1 ie packagt·s, 

and in C++ in the form of templal.('s. 

Usually, the formai paramd<'1 S of polymorphie fllllct.iolls an' rt'st.rict(·d 1.0 (/}/u' 

parameters, or sorne valllc ]Jamme/crs. The dCtllal applicatioll of CI polYlllorphie 

function is obtaincd by substitllting t.!w formai I.y(>(' alld/or v,lhJ(' pa/'illIJ('I.t'IS. 

The generic functions conc('pt has }W('ll pxl.t·lIdf't! t.u d<t~s('s fJf 1/('1'1(' dO.'i.'H'.'i 

- when genericity and object-orientat.ion an' cOrllhirwd t.opptlu·r. III this t ,IS(', t.h(· 

generic parameters are applicd not only 1.0 O!l<' individllal flllldioll bill. also 1.0 !.II(' 

group of functions (operation...,) that are associat('d with tlt(· g('rH'li( (I,lss. For ('xalII' 

pie, the generic class Array( element-type: type-parameter; size: INTEGER) 

has one formai type parameter, element-type, alld 0I1t' v,dlH' para llIdt'l, size, whidl 

may appear in the operations associated wit.h c1asf> Array slleh af> AddO, DeleteO, 

GetO, etc. Examples of instantiatiofl of applicatioll of tht! gell('rie c1af>s Array in-
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dude Array(REAL, 20) or Array(Person,IOO) where Person is a user-clefinecl 

dass. 

Olle of t}\(' clsslHnptiolls of gf'lIcricity is operation ovprIoading. With ovcrloading, 

the client programme'r Illay WI îte' the' samp cod!' when llsing different implcmcntations 

of the same data abstraction. With gcnf'ficity, th!' implemmt,er may write a single 

modlll(' for ail illsta,1('('!,> of the same implPJT}(,lltation of a data structure, applied 

1,0 a lIumher of type's of ddta structures. i.p., the operations related to the generic 

param!'tcrs within a gene'rie opf'fation have to be ov!'rloaded for the data types that 

OH' ge'neric operation's formai parampters can accept. 

Anot.lH'r assllmptÎon of gennÎcity is that ail th!' op!'rations rclated to the generic 

Pill'éUI\('l,{'rs wi t.h i Il a ge'l\{'rie o!)('ra tion shollld hc' val id, i.c., those operations should 

1)(' defined hy 1,1)(' type'!'> that inst,dlltiate t.he formai paramctcrs. IIowcver, neit.her 

Ada's gcncric packages 1101' C++'8 templcttcs fcatur!'s rc1iahlc use of parameterized 

programming h('('ause ncith<'r has the mechanism to check whether the substitutions 

al'(, valid or HOt,. OB.J and its (ksccndant On.J2, devcloped by Goguen, [Gog84, Fut87] 

use th(' concepts of Ihcol'l(,s, 111("10," and module e.rprfs.'iions to me('t Ruch nepds. The 

inst.ant.iat.ioll of a paralll('t,('ri~<'(1 module 1,0 an actual paranwter, using a particular 

vie'w will [('suIt in creating a Ilew module. In OB.J and OBJ2, the only top level 

('lItit.ieH are "modules", which are either "objects" or "thcories", and "views", which 

relate th('orics 1,0 llIodule's. Objects contain exccut.able code, while theories contain 

llOI\('x('cutah!p as~;('rt.ions Theories and vicws make it possible to construct varieties 

of lIIodule ('xpt'<'ssions. Spe'cifically: 

• Theories Hl'(' us('d to d('fÎn(' 1,11<' properties required of an actual parameter for 

it 1,0 1)(' nwaningfully slIhstitllted for the formaI parameters of a given parame­

tcrizcd modu!<' . 

• \ltt'ms arC' us('d t.o express that a glven module satisfies a glven theory III a 

pal'ticular \Vay. 
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• A/odule e:rpl'fssiOl1S arc lIscd 1.0 morli fy morI li I<'s, h) add i Ilg. deld i Hg or l't'Il •• 111 i IIg 

functionality. 

An important featml' of GoglIl'n 's paranwtc'I'iz('d progl'all\lIling IWl'mit.s pal'all1<'-

terized modules to be modifi('d, CitlH'f \)('fol'(' 01' art ('1' jllst ant iat iOll, so t hal. I.I\('y ilia)' 

be applied to various applications. Th(' possible modificat.ions of " 1110<1111(' il\( I"dt': 

1) enriching it hy adding II<'W [ullct.iollalitit's; 2) ('('IIc1l11illg SOlllt' of ils fllllctiollS, ,1I1t1 

3) restricting it by e1iminat.ing, some of its fUl\ct.iol\s. OB.J's llIod"lt' ('XI)\('Shion lIIt'('h-

anism accomplishcs thf>sC modifications, and gUêlrant.t't's tilt' sat.is!',\( t iOIl of :'H'lt'ct t'd 

program propertics givcn in t.he forlll of t\worips. 

4.4 Our Extension of 
AIl Application-Specifie 
eterized 

Genericity 
Classes are Paraln-

Although gencricity has bcclI llsed in building a lil)!,\lY of \'('I\Hahl(' ('OIIlI)()II<'III.H fol' 

sorne application domain, Ilot only fol' t!w hasic delta structllrt· (OlllpOIH'lll.s, il. is ollly 

meaningful in an ol'ganizatioll t.hat. haH é\ long-tt'I'III lll"llrlgt'llll'lll. (OlJlIlIit.nH'1I1, t.o ail 

official reuse plan. In rcalit.y, gC'IH'ricit.y is lTlort' sllit.ahlt, fol' ""sit d"l,<I st.rll( I.III(·-liht" 

application-domain indcpc'ndcnt, low-l('v('1 COlllpOIH'lItS. This IIs('of P;C·II(·IICit.y rl.·(·~ liS 

from repeatedly coding pmcly comput illg-rc'Iaü'd, <H'( ('~SOI' Isd(·ct.ol'-li k(· 0p.'1 (lt.ioIlS. 

When genericity is extended 1,0 classes in ohjecl.-oric'lItC'd progl <1II111111lg, w(' t <III 1H'lll'fit. 

more from their combinat ion. 

4.4.1 Extending Generic Parameters to N ame Parameters 

Traditiollal generic paramcters are H'st.rid('d Lo typ" ])(/f'(lmdf'1'.'i, 01 'Imhu' p(f/'fL11Idf1''<; 

Wc can cxtend the generic paramet.el's 1,0 1/(!TTU' ]JarmT/( 'fT,.., Il:-'I1<1l1y t.\w fi('ld J1<1IlJ('l-! 

of record types. For example, we rnay ddine a gc'I)(~r ie dass Record 1 by 
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Rccordl = Record(fieldl 

Array( element-type» 

STRINGj field2 INTEGERj field3 

wllf'f(' element-type IS typC! parallH'ter, fieldl, field2, field3 are name parametcrs. 

Ail ('xiunpll' of appllCat iOIl of the g('nC'ric class Recordl Îs Owner = 
Record(Name: STRINGj ID : INTEGERj Books: Array(Book». Such 

a (lass mllid \)(' obtaillc'cJ hy instantiating ail tJ}(' formai paramc!,ers dcfined hy 

Recordt includillg 1,1 "dil,i()JI(ll type' paranwt<'fs -- element-type substitutcd hy 

Book arl<l tlu' Iwwly IIIt rodllcl'd nanl(' paramders -- fieldl, field2 and field3 

!->lIhstit.llt('d hy Name, ID and Books r('!->p<>ctiVf·ly. Another c1ass Course = 
Record(Title: STRING; Credit: INTEGERj Students : Array(Student» 

cali 1)(' oht.aill(·d in the' SclllJ(' fasilloll. 

The illt.rod1lction of 11<lIlW parallleters makcs il. possible to instantiate a numher 

of application-sp('cifie ( 1(I~s('s by a single gencric class. \Ve will see the significance of 

t.his ('Oll<'('pt in Chapt('l' 6. 

4.4.2 Introducing Inheritance to Generalized Classes 

Paralll('t.('ri~wcl polYlllorpltislll C(III he viewed as a hOrizontal reuse. A gencric c1ass 

LinkedList(element-type) 18 the COlllrnOll structure of ail the applications of 

LinkedList sllch as LinkedList(INTEGER), LinkedList(STRING), etc. Af­

t.('\' illt.roduring, t.lw nall\(' pa\'allH't.ers, any appliration-sp<,cific class can find its un­

d('r1yillg, g('lH'ri(' clclss ('011 11 Il 011 with SOIll(' ot)l<'r applicat ion-specifie c1assf's. For the 

('XillII pIt' ll\C'nt iOIH'<! éI 1>00't" gt'Il('ric dass Record 1 is t!w sa mC' undcrlyi lIg gencric class 

for class Owncr and cl,u,s Course 

Inclusion POIYlllorphislIl is a llH'chanism for vcrl/ml rCllse. Any operat.ion defined 

dt a S\lp(,tTlas~ ((\1\ he unifollllly applied 1.0 its subclasscs unlcss it is redefincd by its 

slIhdassj·s. G('lu'rie dclSSt'S dlso have in)writance relations among t}}('m. "Suh-genf'ric­

dasses" inlwrit. computation-S('lllcllltics (dat.a compol1<'nts and rc1ated operations) 

from ·'slIper-gt'lH'ric-c1asses". \\T(, will s('c t)l<' df'taiIs in Chaptcr 6. 
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Before moving to th(' detail('d discussion of 0,11' dpproc\Ch in 1 ht' Ilt'~1 \", .. 1 of 1 lti~ 

thesis, in the next chapt<'I" wc' givt' an O\'('lyipw of SofICla . .,.o; Pl'Oj('( 1 III ","icI! Ihis 

research is carried out and om élpproach is t'('aliZt'd . 
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Chapter 5 

SoftClass Project 

Soft.ClrlSS is (III ohj('d-Ol i('III('d CASE 1001 df'vploppd in the context of a software r<'llse 

PI'Ojf'f'l, fillélll('('d jointly hy the ('o/trr d(' T(('hnologn Tandcm de Mon/l'rai (CTTM, 

,III H ,\, /) .1 i VI:-.ioll of Ta ndf'lII ( ~Olll pu kl's IIIC.), (llId go\'('rn ment l'f'seal'ch gra nting ag<,n­

l'il·s. CTTM spf·fÏc\lizf':'; ill df'wlopillg sysl,f'ms for tn(Hlrlglllg Tand<'lTI's distributcd ap­

plif (II jOliS. TI\(' Ol'if'lIt.al.ioll or II\(' pl'oj('ct, (hangf'd c1uring tl\{' first mont hs. Initially, 

Wf' ill1.C'IHlf'd to df'wln!> ,\II ohj('( t.-orif'lIl,f'd (h'\'elopment Il1ct.hodology basf'd on an 

oJ..i(·ct.-ol'i('IIf.(·d tIIodf'l trliloJ'('d to specifying wha!' ll1ight he callcd "ncarly decompos­

ethlf'" SySt.(·IIIS of coll,tl)()l',üing agf'llt:-. [MiI90]. llowf'\'<,r, due to a nurnhf'r of factors, 

il\( luding t.l1l' li1ck of SUpPOlt 1'01 obj('d-ori('lüed lang\lagl's on Tandl'ITI cornputcrs al, 

t.11I' t illW, and t.11f' ('x)wc!('d 1('lIgt.hy ff'f'd-hack loop for such a proj<'ct, w<, chose a two­

prollp,t'd appl'oat'h: 1) t h{'orpt,ical work on 00 soft.ware dt'vclopnwnt, and in parallel, 

~) ('\'plorillg :-.oft.war(' ad<lptatioll procedUl'f's (i.('. sp('cializat.ion, composition, and 

1 rallsforlllat.ioll, S('t' M'cl 1011 S.l), c\S in(!c>pf'lIdt'lIt.ly of the IInderlying software devcl­

OP)\\(,lIt f('d\llOlo!!,y as po:-.:,ihl(', ",hik ('lIsuring t.hat t.he abst1'l1cflOnS cmhodied in the 

mod('1 d('scrilH'd in [Mi\!)()] ar(' :-,uppol'If'd; hellCf' tht' strong object-oriented flavar in 

hotit t.l\(' \1l1d('r1yillg ))1'111< iples alld impleI1l<'I1tation of Saft.Class. In section 5.1, wc 

pl'O\'idt' cl brid discussioll of i~SIH'S in softwarf' rf'USf'. Section 5.2 provides an overview 

illtn SoftClass. 'l'h(' !'('pn'St'lItcltioll of software COI11POII('I1I.s in SoftClass is described 

in s('cl. ion 5.:1. S('ct ion 5..t descril)('s SoftClass 's r<,present.at ion of dcveloprncnt knowl-
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edge in general, and dcn'lopllH'lIt t.ran's for spI'cilie pmducts, ",it h a Vit·\\, towmds 

automating maintenanCt'. In :wct ion 5.5, wc hril'fly dpscrillt' tilt' sPl'cilic l'lmt l'ihllt iOIl 

of this work to SoftClass. 

5.1 Software Reuse 

Software reuse is sC'cn by many as a kC'y factor tn impl'o\'illp, soft Wc\I'(' prodlld i\'it~. 

and quality [Fre87]. The software C'ngill('('l'Il1g lit('latuJ'(' ahollllds wit h hOIlOI stOl i"s 

about low programrrH'1' prodlldivtt,y, pOOl' sofl wan' qll,dity, ,lIld pOOl Itlatl.IP,(.1tH'1I1 

of large softwaff' proj('cts [Tha8IJ. S('\'('l'ct! f,H lOIS hilldt'I soft\\'cII'(' Il'1 .... (· ill<"llldillp" 

the infancy of soft,wôl'C d(·v(·lopllH'llt. clS éllI ('lIgill('l'l'illp, di:-a Ip!tll(', III ,II k('1 PII'S:'III('S, 

managcl1lf'llt shortsight,('dIH'SS \Vit.h r('géml 10 (OIlS(·IIt.IlIp, 10 t.lH' \llit I.d iIlVI'"t.II\('lIts 

needed to implement softwan' l'('IIS(, 1lH't.ho<!ologi(·s, pl'l:-'OIIlH'1 t.1',Iillillp, .lIId (·dllcat iOIl, 

and the lack of mcthodologies a Il d tools to Sil ppOI 1 SOft.Wéll (' 1'1'11:'(' i Il P" 1 1 I( 111,11 ,lIld 

software developnwnt in g('IH'lal [FisH7]. B('S('éll( h Oll 1'('lIsillg ('XiSt.III.f,!; softW,1I1' has 

traditionally focusscd on ("('\lsillg cod(" .litt! t('lId('d 10 fOI liS 011 lihl'aly-olll'III(·(1 iSSII('s 

and techniquf's [PriS7J. Whil(, slIbst.ant.ial cod(' n'lIS(' lal('s W('II' :-'()Illdillll'S ,1( hi('v('t! 

[Gru88], productivity gaills 1'('lIIailH'd 1IIé1 l'gi Il fi 1 h('CiIlIS(' of t11f' dilllillishillg Sllill'(' of 

coding in the overall d('\'('loPllIcllt lif('cycl(' [lIorH1]. 

Interest in reusing softwale sillcc' 11((' ('cltli('r stélpp of d('\'('loPllwllt SpllI Il'd a Irost 

of new research problcllls alld élllIyriad of sol1l1 iOlls [Fn·H7]. III [Mil!W], Mdl l'lOvid(.d 

a general frarnework for t Iw stlldy of soft Wcl 1(' 1('1\:'(' i Il illl ,1 UI'III pt 1,0 idl'II 1,1 r y UI(' 

important rcsearch iss\ws and catq!,orizl' ('xi"tillg r(,"l'cll·dl ill :-.o(t,Wclll' 1('1\:-'('. Vi('w 

ing software developrncllt as a kllowl('dg(' illl('II:'I\'(' plOl)II·Ill-"olvill).', iI( 1 IVll,y, soft wal(' 

development invol vcs IIsi IIg éllld n'lIslIlg fi hody of d(·v(·lopIlWllt k 1I0wh·d).',(· w" il Il 111_ 

creases with expericllce. AI I('~('éll( 11('1:-' dllt! (ogllit iv<' :-.( i('lIti"t,:, lraVl' 1(11).', tlivlflt.d 

problem-solving knowlcdge IIlto pwn·dllrdl kllowll'd/!,I' (.~klll.~) illld r11'( l,II ,d,1 v<' kllowl­

edge (faels and semalltlckllowhdgf).I .. Uwcollt(.xlof:-.oftw.lI(.d(·\.(.I<lPIIII.III. • . ~k"/ ... 
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nHlsist. of df'wlo(>lfH'nt pro('(·d \1 r<>s, such as th~ procf'SS of deriving st ruct ure charts 

from functiollal diagrarn~ in ~tI uctllff·d d(·sign. Scmantic knowlf'dgp consists of things 

sllch as appl icatioJI-r!olflai Il k IIOW I('dg(', k nowlf'dgf' of program mi ng concepts (e.~. al­

gorithrn~, dctf.a ~t.rllctll/(·~ illld t11('ir proPf'rtips), while- "faets" consir;ts of instancf's of 

pn'viollsly solv('d "problf'llls". A( cordingly, Wf' idpntifif'd a spectrum of reuse method­

ologi('s bas('cl on t.\w rallgp of knowl<'dgp rf'us('d, rallging from procedure-oriented relise 

to dala-ori"III,(·d rf'II~(' (i.f' the l('II:'>f' of faets). Proc('durc-oripnted [eusc is similar 

1.0 lIorowit",'s T'f'II,',ab!(, pl'Orf ,"SOI' conccpt [1101'8/1] and includt's things such as auto­

ilia tic progrcl JJI III Illg wlH'/,(' d('vploplllf'nt knowledgf' is ('mbod if'd in a li tomatf'd proce­

cl 1I/,('S that trallsfol'Ill ~I)('ci fi tatioll:'> in ont' fOI'm 01' a 1101./)('1' i nto ('xecu ta bIt' programs 

[ElsH2]. Data-ol ipnl('d I('IIS(, fOClIs('s mainly on computf'r-hased memori",ation and 

I('('all of past. r('alizat.iolls of softwa/'(' prodllcts and is I)('st ex('mplified by code l'cuse 

(·rfort.s which focus on lihlary-hased tcchniqllf's. In the hetwcell, \\'(' have a whole 

rangp of knowl('dge-has('d approc\chps which apply I1lor(' or I('ss heuristic transforma­

tions 1,0 1110)'(' or l<·ss 11,('11('1 ie d('ve!opnl<'nl. I,('mplates clS in [Bas87]. In this papcr, wc 

d(·a.l wi th th .. dat.a -orielltl'c1 ('1\(\ of the' spf'dru rn. 

Houghly SIH'aking, dat cl-ori('lIt('d rf'IIS(' illvolves two major iSSIJ('S: 1) f('trievability 

of (·xist.illg soft.wdJ'(' COlllpOIH'Ilt.S, and 2) the adaptahility of thoR!' COrnpOIlf'lltS. Rc­

I.l'i('Vélhility of l'ioft.wcll(' COlllpOl}(,llts involvf's cont.ent-hased indexing for which wc n('ed 

<1 11,oo<! indf'xing rOCclblllcll'Y. The <jllality of indexing vocabulal'if's involv('s a s('t of 

ob.lf'(·/II't' nit,('1 ia as w('11 <lS ."llbJ(('/II'( OIl('S. Ohj('ctive critl'ria incllld(': 1) the COVf'rage 

of t.he V(Wahlllary, i.('" 1 he ('xteIJt to which <Ill th(' concepts rek"ant ta the domain 

of discours(' al<' 1'('1))'('8('111('<1, 2) t.h(' pn'cisioll of thp vocahlllary, 10 thp pxtcnt that il. 

discriminatt's 1><'1\\'('('11 di:-.t ingllishahl(' cOlJ('epts, and :1) ronsistency, i.e., the extf'llt ta 

which <'aell COII("('pt is 1'('IH'('SI'lIt"d by a single illdf'x term. Subjective critpl'Ïa relate 

t 0 t ht' ('(\S(' of \1:-.(' of t.!\(' i nd('x i IIg \'oca bllla l'y and Il avf' t 0 do with thillgs such as the 

choin' of wonlin11, for illc!<'xing COII('('pts, and t.hp easf' with which a 115er can loca!.e 
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the exact wording for a conn'pt he is looking for. J)('signing indt'xillg \'O('ahlll.lril's 

for software com pOilent S is a Illajor COIICt'1'Il i 11 t hl' l't,lel 1 i \'t'Iy Il'et'II 1 l't':,t'a l'dl 1 l't'lit! 

genericaIly descrihed as d01/ltl/1/ al/aly,.;,,.; [PriSï], 

Retrievability also l'('ql1ll't'S :,ophisl ic.-\t('<1 rd \'1('\,cll algorit IlIIlS, \V,I hlll 1 lit' r(',,11ll 

of controlled vocahulary ill<!('xing of softWell't' cOlllponl'lIls, c1cls:-.ificclt iOIl Il,,:-. h"I'1I 

shown to yield sllperior resllits 10 hool('clll rdrit'\'al [priSï], Plit'lo-I)I,Iz Il:, .. <1 ,Idt!i­

tional heuristics (blases) to hn'ak 1 I<'S, hy 1 c\J..illg, illt 0 ,\('COIIIII !'t'IIS(' 1 t'l,II ('.1 ,II t 1 ihlltl's 

such as the Iength (and thlls ('olllpl('xity) of rd 1 \(,\'('<1 COIllI)(IIlI'llts (llId 11\1' ('''I)('IU'II('(' 

of the "reuser" [Pri87], Kf'yword-ha:-,('d classification bas 1.('('11 ('oll:-'Idt'wd C'\'('11 i" 

object-oriented pl'ograllllllillg t'IlVil'OlIllH'Ilt.S to (,olllpl('lllt'lIt hlO\\'SllIg of c1" ... s "i('r,Ir­

chies [I1e191], SoftClass IIS('8 ct k<'ywol'd-hasl'd clclssific ... tioll of :-.ol't,W,\I(' ('OIIlPOII('llls, 

as weil as a numher of graph-hclst'd COII('('pt lIleltchillP; ,Ilgolitlllll:-' [l'vi "!);Ul, l\liW:k]. 

Depending on the kiwi ellld 1('y('1 of pplU'1 icity of IIs"bJ.. (Ol\lpOIl('lIts, 1 IJ(' ,Id,Ipl­

ability of reusable com P0!l('IIÜ, llIay 1 cl kt' (\rH' of seY('ra 1 fOIlIlS: 

1. speciali::aiion: a g(,"t'I'ie or palcilll<'!('1 i:l.<'d softw(\n' (OIIlPOIH'llt. IS SOIlJ('!JOW 

specializcd to tcl.ke int,o aCCollllt tht' SI)('( ifics of 1,1](' ploIII('1I\ al. ",lIId. Wil Il 

templatt'-hased approadJ('~ (c'.g, [BasH7]) plogJ'i1l1l t.c'Illplal.('s ,11(' 111.,,101111111111 

for specifie pctrallwtlÏc YclhH's III ohjt'ct-ori('lIt('d pl'Ogl,lIlllllill~, :-.1Ih( l.t:-.:-.ill).!, is 

used 1,0 dl'iw' IWW c1é1ss('s rJOIII .. xislillg 01\(':-.. 11\1J('lilall«' h .. s III:-.toli( ,dly 1"'('11 

associaf,t'd with sp('cializatioll, ait !J01lg11 ollly J(':-.t 1 i( I(,t! 1'01 "I~ of 111111'1 il ,II\( (' 

imply specializatioll in tht' J'('ell S('IIM' ((',g. (oel(' Wlilp,WIS ill FI,Ivol's [MooH(i]). 

2. composztioll, w\teJ'('by lelJ~a"I(, nHllpOIH'IIt.S al(' ('('a:-'~('JlIl)I(,d 1,0 "',Iti:-.fy JII'W J('­

quirements, which élie ilOt. sai isfi,'d, (lo~('ly or J('lllot('ly, Witt. cilly IlIl\ivi<l1l;1I 

component. Work Oll modul(' illt('J(OIlIl('ctioll IcllIgllilW'~ é1ddll':-'~f':-' Il'1J~I' I,y 

composition [l'l'i87], alld 1('li(~~ 011 t1\1' stalldclrdizrltioll .tIIt! trcill~I)dIl'I\( Y of IIJod­

ule interfaces. For thcs(' lea~()IIS, J'('IISP by ((mIJwsit iOIl i.., (H\(' of t.I\I' f,lyorit(,s 

for object-oriented rell~e t}J('ordici,tIl~, a~ ('x('rnplifi('d by HH' wllrks Ilf Kélis('r 
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[Kai87J alld COg1l('11 [C;og8fiJ. 

:J. l 1'flnsfOnHfllw 11.<', wh ich dpal rnostly witl! JJlodifying existing, non-gcncric, soCt­

wan' wmpoll(·nt.., 1.0 adapt t,}J('JrJ 1,0 new rl'qllirf'mf'nts. TIH're has bCl'n relativcly 

f(·w (·ffort.s in tlll~ dir('ctioll, with sorne notable eX('('ptions [Ara86]. 

Soft.Class i!> b1lilt, in part, 1.0 C'xplore hC'uristic software transformations lIsing ana­

lop;i nd olH'rators. 

Da1.a-orlf'n!'('c! J'{'US(', h(' il with 00 classes, dcv(']opmcn1. !'emplatl's, or project­

sp('dfic, 1l0J\-g('IH'1 ic, ~oft.wdre components, dc!>cnds on th(' existence of a library of 

l'('IIsahl(· ('0111 (>OI)(,IIt.S HI'! ri(·vahilit.y \('(jllin's an attrihut('d Il'prl'!>clltation of software 

(·OJllpOIH'IIt.s. A<I'\I)t ability \('quil('!> an ('xplicit r('!>n's('lltation of thos€' hlllctiollal and 

sl.I'lICI.1II'ai aSI)('cts of sof'l.wan' COlllpOIll'llts that ne('d 10 b(' IIlrlnipulated byadaptation 

pl'O ('( ,<1 1I1'('S. 

5.2 Overview 

TI\(' Soft,( ~J(lSS projpct. wali aimcd at enhancing software rcuse for distributcd man­

,1P;(,IIWllt sofl.wan' t1H' illclllstriai sponsor's main Jill(' of prodncts. Wc WNe to pri­

ol'it.iz(' Ol\(' of t.wo all.('ma 1 i v(' 1 ('!>t'a l'ch goals: 1) resl'arch and devclop lIlethodologies 

fol' \"('lIliing (·xist.ing soft.\1 \1<' (kvdoppd \lliing, stnld.UI'l'd mcthods, and 2) rcscarch 

alld d('\,(·lop 1IH't.hodologit's aJl(I too!s for d('veloping ]'('usable software- with a k(,f'n 

illl<'\'('Ht ill ohjt'd-orit'Iltéltioll. Bolh W('I'(' r('lail1cd, hut. \VIth an emphasison former 

timing t.h(' filst half of the projcct (jllst cn(kd), and an <'mphasis OII the latter in 

Il)(' S('('OIH\ half, 1.0 accolllll1odc\k hoUt lH'ar-krm rf'tuflls (the former) and long-tf'rm 

olles (1 IJ(' laU('I'). Ptoviding for a paradigm shift half-way through the project posed 

" nlltll!H'1' of pI'Ob\(,IIIS, bot h ('011('(' pt liaI and practical, which slowcd our pl'ogress on 

1 II(' tirst. front, hllt t Il,,t, \\'(' hope, will pay off handsomdy in the long run if our 

sponsors don'I l'lill out. of mOlwy and/or pat il'ncc in tll(' mpantimc! 
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Figure 5.1: SoftClass's overall archit,('ctllr('. SoftClass was <lev('lope'll in SIll."It.."k~(). 
Its interface to the databasf' (INGHES) is wlitkll ill C. Soft.'n·xt. and Soft,llIde'X 
are developed in Lisp and C. "DM" \I)('élllS 44/kwloPIl)(,1l1 Md hodolop,y". BCC<llIsc' 
of SoftClass's objcct-oriellt('d (UcllltC'Ct.Ilf'(·, DI\1-sp('( die tools al(' sulu l"sses of IIIC' 

corrcsponding DM-indepe'ml('nt tools ill wlli( Il wc' .lbsl.rél( I('d t1\(' (OlnlnOIl flllldioll-
l 't' Th "f . 1" . 1 l ' . . al ICS. e unctlona h('paratloll H'tW('('1I t \(' V.1I101lS ('OIllPOIl('lIts IS III SOIlH' (dS('S 

"mental" as differcnt fUlldiollctliti('s III ct Y 1)(' illlpl('(J)('IIt,C'd by Ut<' SillllI' ( I<lss. 

Early in the project, we fOCIIS('d ()JI t1J(' d('V('lopnJ('lIt of cl I<'chllology-illd(·p(·IlIklll. 

representation of software' componcnts that. C(ln Itandk bot.\1 sI,l 111'1.111(·<1 IIwt.!uul ilb-

stractions, and ob jC'ct-ori('nt.ed a hstl a.ctiollS, al. ,illY I(·VC'I 01 d(·v(·loplll<'lIt.. III Soft.-

Class, the term "softwan' compofwllt." 1<'f(',S 1.0 ÎIICilI'Il,IIiollS of hoft.wit\(· 1110<11\( t.s al. 

differcnt stages of development., includmg f'(·qllir(·IlH'IIt.S, ctll.dy"'I~, .lIId d(·SI~IIl. Soft,-

ware products consist of eit.ll<'r J)Jo((·dll!'<·s 01' d,II il, ct Il cl t.l1<' 1II0d(·1 (I()('s ilOt. dihl 11I1-'.IIihlr 

betwcen the two. Work on relise t.<-dllli(I'IPs f()('II'lspd on: 1) 1 ('pi\( k,lglllg ('Xihl illg 

(strudured) softwar(' 1,0 fit the chOS('1I mod('I, ,11H12) (01111'111,(', hUpport fOI d('higll 

with reusable components. The SOlll'n's (oflhi(!f.J('d for ('xihtmg soft.wilI(· (0I1slsl.(·d of 

traditional software dOClllrlell tation ('.g. rf'q Il i, (' If li' Il 1 ~ doc IIllll'lt b), ,l~ wl'! l ,IS Ollt l'1It.S 

of CASE to01s. With software dO('lllw'lIl ill Ion, \l'packagillg wli('" Olt: 1) ct 1001 (·hll(·<1 
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Sofl'/ht t.hat II~('S a t1H'oreticallllod('1 of tC'chnical writing to cxtract a skelcton soft­

wa('(' fHchitNtll(,(', aud ::!) a sirnpl(' autornatic indcxcr- called Softlndex- that matches 

parb of the <lOCUIII('III, 10 S[)('( dic vocahlllariC's 10 support latN rctriC'val. SoftText 

cornpl('rrwnb t1w ('xtracl,('d infor Illation with CASE tools C'xport files, w}wn such files 

are tlvtlilablc. Figu('(' !l.1 shows cUI oV('rvww of th(' SoftClass tool set. 

Support for d('slgn with J('usable COmpOIH'IÜS is embodi('d in a CASE 1.001, also 

ntlh'd 80/l{,'I(18.". III tldditloll 1,0 iS!->\IPS of cornpon('nt classification and retrieval, we 

at.t.f·mpted to address 0)(' following prohlems: 

1. (;iV<'n that. 110 (,O/llpOI)(,IIt. was fOllnd that c10scly mat,chC's thC' rC'quiremcnts, 

which cornhinat.ioll of cornponL'nt,f, (and in what, combination) might satisfy 

t.hem, if ôlly? 

:l. Giwm the (partial) d('scription of a dcsircd software component (presented as 

a qllery t,o t.he software components Iihrary) and the c10scly matching descrip­

tion of a r('tri('ved cornponent, which transformations should be applied to the 

n·triC'v('d C01l1POII('IIt. so thdt it satisfies the desired requiremcnts? 

:J. GiVC'1l that a transformation has been applied to a retrieved component at a 

gi v<'n deV('lopmcnt ~tag(' (c.g. analysis), which transformation( s) should be 

élppli('d t.o It.S sllhs(·qlH'nt. I('v(') (kscriptions (e.g. design)? 

FOClIs 011 I.h('s(· prohlems \Vas lIlotivated by pmpirical data suggesting that developers 

art' <)uirk 1.0 fall bark 011 d('\'('loping from scrat.ch wlwn a reusable component requires 

lion-trivial modificat.ions. 

Th(' first probklll can h<' 5('('11 as a rC'tri{'val proh]em, and provides the basis for 

hot.tom-np <!('vdop"wut. An exact solut.ion to t.hi5 probl{'ffi is impractical, if Ilot 

1 lwon't iC.llly impossihl<,. c\lt.hough Il<'lIristic nwthods can he devcloped that provide 

pot('nt ial solutions. Exn'pt in trivial cases, the second problem is notoriously difficult: 

choosillg t.he right t.rdllsformat,ioll ofkn reqnirt:'s a very precise specification language, 

()Q 
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and knowlt'dge about progralllllling and ahnlll 1 hl' applical iOIl dOIl1,Iill. lIo"'t"'C'I', 

once a transformationjmodificat 1011 has hc'c'II C'IIc\clt'<I hy (1)(' IISt'l' clt cl !!,i\'('11 <Ic'\'('I­

opment stage, a "tract''' of 1 ht' sllbseqllc'III dC"'c'lopII)('III dt'( iSltHI:. (,III 11t'lp ,\lI(oma(t' 

the propagation of thes(' t l'cl IIsfollll"t iOlls c\C! oss d('\'('loplllt'lll :.1 "!!,t'S (1 Il i 1 d pl ohlt'Ill ). 

SoftClass lises mappings to record de\'elopllH'llt (r<\IIsl'ol'll\,1I 1011:-'. FOI t "OSt' dt'\'t'Io»­

ment transfonnationsjacti\'ities th,\I, ('(lIJ hc' ,1\I\(H1I<I('d, tilt' 1ll,IPPIII!!,S ,\1(' !!,i\'t'II ill il 

functional format, and w!H(1) t l'ig,gt'l'('d, "lit Olllc\t \( il lIy plOt! Il( t' tilt' t,lI!!,C'! dt'scri pt inllS. 

FOf those development transforlllc\t.ionsj c\ct.ivit i('s t.hat. \('<!lIil't, <l1'\'c,lo»('1 illtl'l'\'t'Ilt iOll, 

the mapping is r('corded aftpf the fclCt.. In ('it.lwr ca sc'. tllC'y c'II,Ihlt' liS 10 »Ic'dwi 1.1)(' 

effect of local cha ngcs at one Ic'wl of dc'vc,lopllH'llt. 011 :'11t·( ('ssi VI' It'\'l'ls. 

Wc have made forays iut.o objPct-oriplltc'd soft "'''l(' d('vl'!oP"l<'"t 'l'Il<' ,1,,1 ho!' lias 

dcveloped representations for g,('lH'1 ie ahst ra( t. clat." t.Ypt':-' ,II, t.ht' .1I1.IIysis alld dc'­

sign level, with support. for inheritanu' and ,lIlt.olllc\t.ic r1assific(ltioll fol' Ilt'wly clt'filH't! 

types. Further, the aut.hor lias also (\('v('lo\> .. (\ a C'olllpi 1('1 fot fil 1 al!!,o!'l t.hlll dc'si~1l 

language (PDL) that allows SOIlH' lIIeas1ll'(' of dC'l.ailc'd dc'sip,1l valicl.tI,ioll ''l'I'SII:-' <II ( hi­

tectural design validation, which is altc'c\dy slIppoJ'lc,t! 

For the remaining part of the pl'Ojed, wo!'k will roclIs 011: 1) dOlllclill illlfdysis, 

and 2) the devcloprnent or ail objcct,-oric'Il(,('d dc,VC'lopll)('llt 1/1( '''ml%.f/Y <tilt! t.ools 1.0 

support il,. 

5.3 Representing Software Components 

In SoftClass, the soft.ware compol\('nts a\'(' c!<'l·wril)('{1 hy: 1) (j/olmi f/If/'lIJltIf'."i, .11111 

2) an internai structure. Global attrihllt.c·s illcllldc's t.hillgs sllch <1:-' "FIIIH'l.ioll", "Pc·,­

formance Requiremcnt.s", "1)(Üe of Crc'atioll", "A Il 1. It 0 l''' , a~ weI! il" t.11f' ('Xl,('lllili ill­

terfaces (input/output vanables) of t!lP C'olllpOIl<'nt. Tlwy ('OV('f 1.11(' illrOf/llflt.ioll 

embodied in the administ.rative and blac k box d('~('npt.i(JII IMrl, or qlJ('st.iOllllrliJ(~~, bill. 

provide much ri cher scmant.ics <ts shown 1)('low. AHI iblltC' "Vrlltws" (,(Hl:-.Î:-.t of: 1) 

fil 
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.. , ..... _ 

a r .. la~onal 
datab8S8 

Figure ,1).2: Graphical representatioll of the internaI structure of a process-like com­
poJl('nt \Ising SofLClass's graphical component editol'. 

tpl'ms from a controllcd vocabulary, and 2) a textual description. The terms belong 

to p\'C'dcfined (or computable) semantic hierarchies (i.e. taxonomies), and support 

various rdricval algorithms [MiI93a]. The internai structure is similar to the dear-box 

d('scription part of quC'stionllaires, with the following differences: 1) data fiows are 

COJlsidNPd as dist.inct software components, and not simply artifacts for connecting 

software' components, and 2) t.he relationships bctwcen a component's slIbcomponents 

are J'('prl'sl'nted hy (\xplicitd,üa structures maniplliated by the CASE tool (SoftClass). 

H(.f{'rring to the' IILQS example in Figure 5.2, HLQS has 6 software components, 3 

links and 3 nod('s, wc cali thcm TI' (Translate), Qy (Query), Rt (Report), SqQy (Sql­

QlI(\ry), FtT(· (Fol'mat-T('lllplate), and 'l'hl (Table). The internai structure of HLQS 

inrlud('s the rclationsjbindings bctweell the various components, and between the 

('olllpon(\nts and Il LQS itsl'lf, as shown below: 
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Rl User-Query(HLQS) = I1(Tr) 
R2 01(Tr) -+ Origin(SqQ~') 

R3 Dest(SqQy) --. Il (Qy) 
R4 02(Tr) -+ Origin( Ft'l(,) 
Rs Dest( FtTe) --. I2( nt) 
f4" Database(Qy) = Database(HLQS) 
R7 01(Qy) -+ Origill(Tbl) 
Rs Dest(Tbl) --. Il (Ht) 
R9 Ol(Rt) = User-Report(HLQS) 

where Il,12 (01, 02) represent input (output) variahles of p\'O('('ss-lik(' so[t.wcl\'('. Oli· 

gin and Dest (for dcstination) rq>rt'seIlt the end poillts of delta lIow-like ohjt'cts. TIlt' 

equalities (shown in bold) ,.c/ale IILqS 's global lItt,.i/JIllc,.; 10 Il.-; ('(lIlIIIOIII'III • .; ylo/ml 

atlrzbufes, and arc called III/Olli 11IIc/ja('(' ,.rlal/O/I . .,.'1'lw \'('lIIclillillg illC' (c'!lc'd 1'(/11/(' 

propagatlOn l'elal101Is and arc int<'rnrll to IILQS. This rat.ll<'1 ('II\lIhl'ISOnl<' lIotatioll 

has advantages. For instance, boUI kinds of st.\'II( t.llral 1C'lat.iolls ('11t clil SOIIl(' C olllpat.-

ibility constraints hct.we('11 the val iOlls inpl\t/output. vèlria!>I('s cwcl t.!1(' <I,lI.a f1ows. III 

SoftClass, specifying a valuc-plOpagatioll wl,üioll ('.g. by billdlllg il clat" flow t.o Cl 

process) triggers sueh eonstraints, whieh \Iotify t.Iw (kw'lop('r if a violat.ioll (i C'. d,d,a 

incompatibility) is dctect.ed. Otl)('r (,ollstraillt.s CclII h(· trigg('r('d al. will, plOvi<lillg ail 

"on-the-fly" developmen t val idat.ioll. Fil rt.h('J', <I('v('lop<'l's IW('<I 1101. III il Il i pli l.tI.<' S IIch 

relations since they are crcat.ed automatit'ally [rolll <ll'awillgs IIsill).!, t!H' 

graphical interface (sec I)('low). 

In SoftClass, aB software component d(·script.iolls arC' illsl.al)(·('s of d('s( 1 ipt.ioll 1.('11\-

plates, or categories. Roughly sp('akillg, for a giV<'1I d(·v('lo(lIl)('IIf. Il wl.IJot!ology, w(' 

have one category fol' each type of corn J>OII('JI t. ('.g. JlI'O«'SS/ 1'1'<)('('<1 III<' W'I SilS da t,'l) , 

and for each levcl of d(·wloprncnt. Cat.<·gol'i(·s al(' I.h('Il\~·;('lv(·~ an "111.'}·<1 in a (Sm.lilt alk) 

class hierarehy to take advantag(' of sirllliaritj(·s bC'tw('('JI (ctl.(').!,()f jps. Eadl (al.(',(!;ol y 

is characterized by: l) a het of rdevant. at.t.ribllt('s and t1l<'ir o.,C'/J)rlll1.i( s, 2) il sc·t of 

perrnissiblc corn ponent ccltegori(·s, cl/Id ~J) a sd of p('fln i ssi bl(· ).!,t·lH'ri t 1 111.<'1'11 a 1 J't'Ia-

tions. For example, in SA/SD, the IYJJ(; of data obj(·c1.s (an aU.ribllt.(·) appli('s only 1.0 

design level descriptions. AlfiO, a data ohj('ct, (ail lw t!('('oITlJ)()s('d illt,o 1II0J'(' (·Ielill'U-
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tary data ()bject~ (rwrrllissible coJllponent types), whilc processes can be dccomposcd 

into mOf(' proceSSf'S and datd fl()w~, and 1 hl' structural T<'lations will he of diffl'rent 

lIat.u)'(·, with an ('lJlphasi~ 011 dI.!J~rc·p;at ion for data objl'cts, and functional composi-

lion for pro('es~-Ijk(· COIllP<)fH'lIb. SoftClass providf's a fairly &imple to use tool for 

ddilling/(·dit.ing (at.(·gori(·s, called .)o!IC'alrgory[JmW.'if'r Such a tool wOllid typically 

h(. Ils(·d byadlllillist.rdt.ols. 1 

Soft,Class cr\,1,('gorÎ('s s\lpp()rt,~ fM rich('r spmantÏ\s for attrihutes th an those offered 

ill quest.ionllélin·s. For Cl giv(,11 élttrihute and a given rategory, wc can specify: 

1. li\(' illd('xillg v()cablllary for the attrihut<,. WIl<'n that vocabulary is a taxonomy, 

il. slIffin's to spc('ify t.h(' 1'001" 

2. 1.1)(' 11I11lI1H'r of keyword valtl<'s allowe'd (cardillality constraints) for a givcn in-

S 1. ail ('(' (soft.ware COl1lpOII('lIt) of the category, and in case several are allowcd, 

('ompat.ihility (,oll~t,rctint.s Iwl,w('cn t.he vahl<', if any, 

a. wllPtlwr tlH' attribut(, is malldél10ry or optional. Wh en defining inst.ances of the 

category, d('wlopf'IS an' aut.olllatically promptf'd for manclatory attributes, but 

IllllSt (·xplicit.ly hrillg "P opt.ional att.rihl1tf's, 

.1. w)wtlwr ail attrih\lt<· il'> slldl('d hct.w('f'1l d compoll<'nt and iLs subcomponf'nts, 

ill whirh CdS(' its \'Clhws an' autolllatÎcally fillcd for the Rubcomponents, and 

!). wh(·t."('r ail at.t.rihu1(· 1'(,llIains invariant. anORS dl'\'(·lopnlf'nt stages, in which case 

its valt\(' is autolllat jeally fil\tod for ~Hhs('qH(,I1t 1(,\'('1 d('f;(' 1 ipt.ions. For cxample, 

t.!w "pmpoH<''' of a soft Wcll (' IlIOt! \11(' l'('mains t. h(' sa me', i IIdependen tIy of whe'ther 

Wl' <ksnilw t.1lt' modllk al t Iw andlysis or t.he design level. Tt. suffices ta spf'cify 

it for t.h(· <lnalysis I('\,(,\, 

1 For t.hOSt' fallllhar Wlt h Slllcllltalk80, thl' tool18 Vf'ry slInilar (actually inhertt.ed from) Smalltalk's 
('\<lSS hrowst'r 
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The last thrC'C options cOllsidel a hly ,.lIcri" t t' t ht' proct'ss of spt'ci f~ i Il!!, :-llft \\' ,H t' tllll\-

ponents. For example, a stndy of dt'sign-l('\'('1 ohjt'cls ha:-t'd on IEEE donllllt'ntaliol\ 

standards and on the soft waH' dt'\'t'loPIlH'lIt mt't hodolop;y lISt'd ,\t, t Il(' i ndllsl ri,1I spon-

sor, identified SOI1](' thirt.y four (:ll) attrihutt' for proCt'dllJ'('s. 'I\\'t'nly !i\'t' (:.!;)) of 

those can be inf<'fred from rdaled <kscripl ions. Of 1 ht' \'t'lllainill!!, nill!" t wo rail 1)(' 

infcrred from other kllow Ic-dg(' i 11 t!H' syst ('Ill, a 11<1 1 III ('(' ,Ht' )'t'Ia (c>d 10 'Ill,.! i t Y l'ont roi 

This leaves HS with t.h(' fami liaI' "Pmpos<," a pplicat.ioll -d(·pt·ndt'ltI. rUile! iOIl), "( '0 III Jlll-

tationaIProccdurc" (algorit.hmic fUllctioll), Inputs alld OUtPllts fOI ,III o\'l'rwlH'llI\inp, 

majorit.y of compoIlcnts. And y<'!" a t.ot.al of :J,1 attrihllt(·s cali P,1'1I('I"lIy 1)(' lIst'd fol' 

search purposps. 

In the CUITent implclIl('llt<ÜIOIl of Soft( ~Iass, :.;oft,wan· ('ollll)(»)('lIl.s ('<III 1)(' sp(,l'ilit'd 

cithcr through a t.oo1 similar t,o t.1H' Ol\(' mlt'd for :.qw('ifylIlg (',ltq!,orit's'l 01 tllIougll IIIt' 

graphical interface (s('e Figure 5.2). The intt'rfcl('l' has IW('II dt'sigl)('tI ill sllch th ,II, tI 

way that it can easily support. other lJot.at.iollsjclt·wlopllH'lJt. 1Ilt'l.hodolol!,if's sl)l'h ilS 

objed-orient,ed mt>thodolog,y. Us('rs cali hrillg IIp ('0111 pOIlt'IIt.S 011 display hy t'1111t'\': 

1) sc1ecting and draggillg a hllt.t.OIl (Ollf' pt'r cat.q!,ory) 1'1'0111 t.!w pald,I,(· (111'1)('1 It·n,), 

and supplyillg t.ht' nttlll(" or 2) sdect.illg clIId dl ag,gill!!, il lIall\(' 1'1'0111 t.J1(' '( :01 Il pOIIC'IIt.S' 

list (lcft bottom). The right, sid(' shows t,wo "bJOwst'l s" rOI t.h(· itl,l,ribut,(·s of t.he 

components sclcct.ed in t.he t.ool, t.llt' t.op part fol' t.h(' ClIIT('Htly spl(·(·l,(·d (·OIIlPOIl(·IIt. ill 

the display, and the lowcI' IMr1. fol' t.!)(' 1'111'1('111. sc·lt·ctioll ill t.J)(' 'COlllpOIIt'IIf.s' Ilst.. 'l'II<' 

lower part shows the attribll\,('s for IILQS, t.!J(' olljed, "('illg (·dit(·cl. TIlt' 'Vlllut':-,' lisf. 

shows the list of keyword vailles roI' th(' ('li Il t'II t.J Y sP!('c!('<! attrihut.(· ('FIlIIt't.ÎOII'). 'l'II<' 

list shows the val lie 'Data BascI 1I1,('rlt)ga I,ioll '. TIlt' ''l't'xt,' pal t. i:-. a Il (·tI il,ol' 1.0 ('111.<'1 il 

textual dcscript.ioll of t.he aUl ibn!.(· US('I'S can add/l<'1I10VI' k('ywoi d v(,hu·:-,. WIJ('1l 

adding values, the 11ser is {>n's(,Ilt,t'd wit.h a hic'rar( hic <tl pOp-lIp HWIIII or t.!\(~ 

keyword hierarchy [orBI which ht! can :-,(·I(·('t II valll(· . 

2Such a tool IS too ('um~)('rsorne for CO/flpOnf'nt!>, and not visuai f'II(JlI~h ('atl'J~(lrll's ar" d,·fjrll'd 
once ln a blue moon, and t ~If' tool lS rl()Pquatl' for t hat purpOfof' 
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5.4 Representing Pairs of Prouucts in SoftClass 

For t,lu' purpO~('~ of ~lIpportill!!; t!w rp\ls(' paradigms, W~ ne('d to represf'ot mappings 

I)('f,w('c'J/ (k~c riptiom. of ~()ftWlll(' PI'OductH dt succ('ssive I('vcls of dev<,lopment. Con­

sid('1' nI(' foJlowillg ~c ('lIlll io: ct:'HIIJlIe that thl' elev('lope'r st.arts the structured analysis 

of If LQS. ÂSHUJlW th,ü t!w lIHCIH n'qllircd 1 hat (j1J('ri('H be entcred in a restricted nat­

lirai langllaw' fOllllett.. TI\(' (kwlopC'1' Orst spe'cine's t.lJf' attribntes of IILQS, sneh as 

its flllldiol\, illt,('lldl'd lI~('rs, alld !-o() forth. AsslI\11(' that a QIlE (QUNY by Exampl~ 

[Zlo7!J]) intcrfac e' hdS alrC'ady 1>('('11 d~V('lol)('d in-holls~. R('fore proceeding to decom­

pOS(' Il LQS, t.IH' <kv('lop('l ~C'<ll c\}('s t.lw dcltahélhC' of proelllct d<'scriptions for one t.hat 

lIlat.< h('s Il LQS (prodl« t 1 ('1.1 il'V,tI is di!H'lls~('d 1H'low). Th(' search returns the' analysis 

1('V<'1 c1pscript.ioll of QBE, whos(' ,lttrihutf,s match 1ll0~t. of those of lILQS (c.g. aH hut 

t.!w forlllat. of t,\J(' US('f"S (1'[('1 y) Wh i le t.1l<' deV('lopC'f ca nnot l'en sc' the dcscri ption of 

QBE as-is, lH' ['('IIS('S UW stlllctll[,(' of QBE alld adapl.s it to IILQS. In particular, he 

['('IIS('S t.he' lIlodulc's QIlC'IY alld Ikport a~-is, hut repla('Ps SCl'cmlnput of QBE by a 

IWW (,OJllpOllC'lIt 'l'l'allslél\,(', the t.WO differing in the forlllat of users' input (scc Figure 

!>.:\ ). 

As Ut<' dcveloper pro('('('ds t,o d('signing JI LQS, he knows that he Œn rellsP the 

d('sigll of QIle'I'Y alld H('port dC'vclop('d for QBE, but dopsn 't quitc know how to ar­

l'élll!!;(' t.helll, along wil h the design of Tranf>late, in cl structure chart. By analogy 10 

t.!w diffc'r(,I)('(' \)('1 W('('11 t.hc' J)F)) <1(,( ornposil ion of IILQS and QIlE namply, rcplacÎng 

S<T(,(,lIll1pUt. by Tntl\slat(·, II<' inf{'l's that I1LQS and QBE have a similar sttucturc, 

alld has only 10 WOI l'y .thont. d('slglllng TrélllHlale (~c'(' Figure 5.4). For this infel'encc 

j,n t "k(' plan" tl\(' dl'v('\o}>c'r lH'(,(h, <l Illclpping l)('t\\'('('11 t IH' st rlldurc of QBE at the 

J)FJ) I('\'c'I and Ihal ,II Ill<' (pn'Iimillary) d('sigll k\'('1. Sl'(h a tnc\ppillg rnll~t inclllde 

hol h Illappillgs lw!.\\'('pn DFD 1<>\'('1 and d('sigll l{'v('l f(·PH's('Iüat.iofl of f>oftware com­

pOIl('lIts, but. abo a lllc\ppillg bet,wcclI theÎr int.('\'-relationships. At the represcntation 

I('\'t,\, hot Il Illappillgs !wl \\'(,(,11 individual soft ware cOlllponents and mappings between 
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Partial Match on Aunbllics 

Analogy .. 

IÀ'COIll'!lSllllln 
SlI~~~'sll 1 hy 
malt'/\ 

Figure 5.3: A partial (hut subst.antial) match 1)('t.w('(·11 t.!H' <lUri!>lIt(·s of qBE alld 
HLQS suggests adapting t.he structure of QBE t,o t.hat. of Il LQS 

components' inter-rc1ationships can 1)(' repres('Ilt.C'd by J'('latioll ohj('( t.s (i.l'. slIhrlas:-.l's 

of RelationObject above). The sunant.ics of t.hes(· r('lat.iom; d('I)('lId 011 1.\1<' d"vl'lop 

ment methodology at hand. For a givell 1lH't.hodology, WI' d('fill(' il 1\('1'11('1 of p,<'I)(,l'ic 

mappings which may b<, combill<,d in varions WllyS, in t.h(' sall}(' way t.hilt 1.1)(' sI 111(-

tural relation Multipl<,Bind W,lS defilled as t1w cOlllhillatioll of si III "II' hlll,1I y hilldillgs 

between two objects' clttributes. We hav(' cJ(·veloJ>(·cJ a kC'IIIC" 01 s\I('1I III<lppillp,:-. fol' 

SA/SO. Wc shall ilInstrate it bclow. 

As a first approxilllation, "bnbhle"s:\ of a f)FJ) ('IIc1 Ill' as lIlocllll('s ("hox(·s":-.'\) ,II, 

the prcliminary design Icwl. A mappillg 1)('t,W('('1I IH'I) \'1I1>1>1('s ,lIld dl'sigll llIorllll('s 

establishes consistency l'('quirelllents betW('('fl valu('s of t!wil aU 1 ibll!'(·,'>. FOI illS!,ilIlC C', 

while the sets of attribut.es applicable 1,0 U\('S(' ohj('c1,s arc' difrc'f('lIt, t11('fC' i:-. il sigllir-

icant overlap. Attriblltcs sllclt as "Fllnct.ion" (or pllrpos(') alld "IJlI,('IHI('dlJs('/'s" ill'C' 

applicahle to both analysis level and design 1('w'l oIJj('cts, alld t1lf'i. vahH's /C'/llaifl 

3a notatIOn for pro('css/procf>dure cornponcnts al UII' analysl!oo If'vd 
4a notatIOn for proc('fo.s/procf>dure COlll)lolll'ntfo. al. the prdllnillary df'!oolgn ff'vl'! 
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Figll!"!' !)A: clllaiogical f('UH(' reqllir('s mappings b('twc('n succ('ssivc level repres<,nta­
tiollH of HOftWill(' COlllpOI1f'I,' s, and mappings !)('!,wcen thcir interrc1at.ionships. Only 
III il pplllgs l)('tW('(,1I i IIdivlclual compollents arc rcpresPlü('d gra phicillly (dashcd ar­
lOWH). 

IIllillkct,('d by t.I)(' (ksigll proccss. IIowpver, attributes su ch as "Performance" evolve. 

Whil(, t.l)('y l'<'pn's<'lIt rl )'['qllin'lI1cnt (lIpper limit) al. th<, analysis lev<,l, they bcmme 

III<'itSllrabk al, the d('slgll 1<,v<'1 ollce t.hc algorithm and dat.a structures manipulat<,d 

arc d('sign('(1. Not.ic(' that son\(' illlillysis l''V<'I attributes do not apply af. the design 

1('v('l, alld cOIlV<'rsdy, son)(' d{'sign kW'l attribut,('s have no cqllival('nt at the analy-

sis. SlIch attribllt,(·s arc Ilot handlcd hy 1,11<' mapping. Lpt t-.LPrOCeS.5DFD-.STC be 

t.h(· (hina ry) III a ppi IIg \Wt.W('('II pl'OC{'ss ohj('ct,s al, tlw analysis and design levels. \Ve 

havI': 

((X. }') E ALPl'oC(,8'~DFD-'8TC) -;. (Funclion(X) = Punction(Y)) A 

(/nfclIdcdUur'8( \') = IntcndcdUsel's(Y)) A 

(PC1'/]'0/1/(1IlCI'(} ') L.,(' 01/81$t cnt Hf il h Pc]' / ol'mallce( X)) A ... 
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Note that the ahon' ('quation t'XPrt'Sht'S a nf('t'~Mll'!I conditioll for t1t'si~l\ ohjt'd X 10 

rnap to analysis ohject X. Nol hin,!!, hhOl't of clutOlllcll ing dt,\'t'Iopnlt'nl wllllid a\lo\\' liS 

to ascertain the hlIfficit'lIcy of Ihes(' ('ondilions[~lil\111. S\I( 11 " Il\,lppill~ (,.lll Ilt' IISt't1 

in two ways: 1) t h(' dt'\'('!oper en'.) t cs a dt'si~1I lt-\'t'! l't'Iu'('St'lIt ,111011 Y fOI li Il ,\II,t1ysis 

object X, tllt'll creatt's an install(,(' of ~LPI'O({''''';J)F/)--+'''J'(' ",ilh tIlt' pail (X,Y); this 

will check the consistellcy of tht' attl'ihutt's of X and Y, or ~) tilt' dt,\· .. lop('1' as~s 

M_ProcessDPD-+STC \'0 cr('af<' an illstanc(' \\,!tOS(' pair\; fi l'sI ('1('1111'111 is X; t Ills will 

create object Y, and assign valllcs to tilt' al t.rihllles that. art' sllbjt't 1 10 ail ('qll,llity. 

We have dcw)opt>d cl kt'rrw! of ll1appings IW!.W('('II DF\) st.llld IIn's éllld ht.lllrt.ll1(' 

charts, and transformations 011 st.l'uct.UJ'(' chéllls helSe'd 011 Il)(' SA/SI> dl'\'I')o(l1l14'1I1 

rnethodology [Pct8ï]. The l'<'asons for tIris choi('(' art' 1 wofo)d: 1) (TTl\1, 1 !tl' sponsor 

of this research, will k('('p llSillg SAIS\) fol' SOIlle' t.i,,\(' 1.0 COIIII', allt! ~) SA/SI> hols 

been faultcd by 00 progl'dll\1I1illg propolll'llt.S for t.he' "s(,illllflll" 1 l ,1I1:-.it.ioll 1)(,\'\\'1'1'11 

analysis and desigll; if our llIode! Célll hand)(' SAIS)), il. cali halld) .. 111011' SI',IIIII(·ss 

developrnent rnethndologies su ch as OOA /00 n [Boo!})]. Fi1!,l1 J'(' !).!) shows il sil Il pl(' 

rnapping bctwe('n DFD structUl'cs alld STe (Stl'1\ctun' CharI.) stl'lIctlllf'S. 

. . 

ADFD 

~ ..• 
~ 

Figure 5.5: An clcrncntary rrrapping hd,w('('11 f)Ff) stl'uctlln's alld STe stlllC tllI'('S 

Let ADFD he a OF)) "bllbble" with two ~llh-('orrrpOlj('llts JJIJFIJ alld e/W /h 

exchanging a data flow J)/J/o'IJ. Illforméllly, 1,1)(' lIIappirrg 1,0 t1u' STe 1('w'l (';t!1 

be dcscribed ab folloW5: rvLProO'S8U/o'IJ_'iTL' mars AIJ",/) , IJUF!J, alJeI C'/WIJ 
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lo A S1'C , JJSTr,', and eSTe, rcspectivcly, and DDFD 15 mappcd to D5TC (by 

MJ)ald(\Otl)/JFD_STC}), such lltat 

• ASTc Clll/S JJ8 Tc and CSTG', 

• Dsn', is a local variable to A51'C, and 

• f)sTcis an output paramctcr of HSTC and an input paramcter to eSTC. 

Needlcss to say, tbis mappillg, used alonc, t.rivialil',cs slructurcd design, and in prac­

t.ic e, the final architectura.I dC'sigll of a soft.warc componcnt mily bcar littlc rC5emblancc 

t.o I.he compollC'lIt. hiclarchy al. the analysis levcl. For examplC', transformation-center 

élnd transact.ion-('('n(.('1 dC'~igll ('niait d pos(.-analysis grouping of DFD ollbblcs (under 

what. PdC'l's calls "Boss" [pct87]) bascd 011 ail analysis of data fiows. Furt.her, t.he éll'­

chit.ect.ur(· Illay undcrg,o a numher of rdin(,ll1cnt.s as "boxes" aw ::.plit a,nd/or merged 

t.op,f't.hc'r to <'IIhallC<' t.hiJlgs such a.s coupling, fall-in, fan-out, scope of control (You79] 

and ot,lwrs [Mil!>1]. lIowever, wc bdieve t.hat structured design can he decomposed 

int.o iL seque'nce' of silllple lIlappings and t.ran~format.iolls. lt. is t.he choicc of t.he sc­

qltr/tcc of thesc lIJappings and of the objects t.o which t.hey are applied that makes 

st.rud.ll1<,d d('sigll diHicult. and non-aut.omatablc. Of course, architectural design is 

ollly part of thc design, but it IS abOlit. how ITluch can be infcrrcd from data. flow 

('hart.s alonc, 

5.5 Contributions of this work to SoftClass 

0\1l' cont.l'ihut.iol1S t.o Soft.Class arc summarizcd as follows: 

• IlllplcJIlent.ing a. rcpr<'s('nl.a.tion of data objects (analysis levcl and design levd). 

The !cpr('s('llI.rltioll fralllework is consistellt with that for proccss/proccdure 

('OUI po 11('\1 t.s, 
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• Supporting rcuse fWIll tllt' allcllysis !c\,('1. An alltomc\t i,' dllssilkat hm tool f\H' 

the analysis lcvel oh jects a nt! é\ notl1<'r Hut omat.i(' dassi fÏ<'.\t iOIl t 001 for t.h.' dt'"igll 

level generic data structllt'(·s .\l'(' huilt. illto ohjpct. dt'sign f,,('ilil il's . 

• Formalizing the transformatioll fWIll ilnalysis tn (h'si~1I roI' tilt' caSt' of d.lt.\ 

objects, 

• Implementing an algorithm (pwgr<\llI) d('si~l' lall~\Iagt' cOlllpilt'r for dl't.lilt·tl 

level code validation, 

In the next two chaptcrs, wc will pr<'s('nl. t.his work in dl'l,(,il. \NP diht'IISS \'('pJ'('­

sentations of data objects in Chapter () and t1l<' progrmn dt'siAlI lall/!,IIiIAt' t'O'"pil.·, "' 

Chapter 7, including implemcntatioll iSSIH's . 
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Chapter 6 

Data Design in SoftClass 

Ali <Iisclllilicd in the last chapt.er, SoftClasR is an 00 CASE tool airning at software 

l'l'liSe, The dat.a design faciliti('s in Soft.Class are rcsponsible for dcsigning data ob­

j('ds at. th(' a!lalysis and aL !JI(' dcpign level. Anot))('r important fcailHe of the data 

design fa('ilit.ips in SoftClaRs is to ('lIhance n'use of df'sign-lcvc1 data objects that have 

the sallw analysis-l('vd ~('lIlallt.ic~, l'ven if t1wir data r('pr('scntations arc different. In 

tradit.iollal 00 soft.ware d('veloplllent. methods, such l'cuse is limitcd by the irnplc-

lIH'nt.at.ioll in IH'I itallc(' hierarchy, bec alise r('used software corn ponents have 1,0 have 

the salllt' data l'f])/'rsclIlallOllS (data structures). In our approach, this restriction is 

rplipv('d by f<'serving the analysis-Icv<,\ data objects scmantics until the design lcvel, 

alld i 1I1.I'0d \Ici ng t.h<' g('IH'ric Il)(>chanism to ail design-Ievel data ob jects. 

6.1 Overview 

ln Soft.Class, we distinguish bctwCl'I1 threc kinds of data objects: 

1. ApplicatlOll ObJcïls (AO), which are analysi~, (specification-) lcvel reprcsen­

t.at.ions of Ilw obj<'ds of the application. Application objf'cts (AOs) are 

('harad('rbwd hy Cl sel of application-m<,aningful (only analysis-concerned and 

only relat.ed Lo applicat.ion dOlllain) attributes and cornponcnts, and a set of 

applicat.ion-mf'aningfn\ op<,rations, 

~? ,-
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2. Genel'ic Data St l'url Il l'r .... (G DS). \\' h ich cm' dt'sign-I('\"('I dt'seri pl iOlls of p.II',IIIl­

eterized data structure!'>. (it'Ilt'ric data HI lud urt'H .Ut' p.lralllt'tt'ri/'t'd hr hol Il 

types, à la g('lwric packagt's in Ada ('.g . ,Hld rOlllpOllt'1I1 Il,IIIWS. Tht'Y also 

support a Illlllll)('l' of operations, mainly OIH'S t hal al'< t'SS 1 lit' (OlllpOllt'lIts of 1 lit' 

structure by nan1(' or hy pl'op('rty, 

3. Application Data Structllr(' (ADS), which aIt' dt'~ign-It'\'('1 d('~('J ipl IOIlS of appli­

cation objects. Applicatioll data st rllcturt·s (ADSs) ,l\'(' ohtaillf'd hy "Iittillg" ail 

analysis-levcl applicatioll ohject. (AO) "0\'('1''' cl !!..'II('I ie ""la ~t l'lit 1 \11'(' (CDS). 

This fitting f('solvcs/illstalltiales tl)(' pardlll('tt'I'S of t.1\(' CDS, .1I1t1 (·IIc1hl(·s d.'. 

velopcrs 1,0 skctch ail algorit.hmic "\'('rllizatioll" fol' t.lw ,lpplic,lI,ioll-lIlt'allillgflll 

operations. 

Application objccts ollly carry tlH' applicrttioll St'IIHlIIt.ics allcl tilt· I)('haviolll dp­

scriptions. CDSs arc buildillg hlocks or 1.('111 plat.(·s for applicat.ion daLI st rlld ur/'s 

which combine application-sclllélllt.ics frolll élpplical.ioll ohjt'ds with 1('pn'S('IILII,ioll 

and operations from GDSs 1,0 fulfill tlH' hdléLViollr specificatioll or .Ipplieat.ioll ohjl'cts 

into operations. 

Application objects are organized III ail inl\t'rit.all(·(· hi('rarchy hast'd 011 ('()IJIIIIOn 

application-level Rcmantic contellts (att,rihlltt's and/or (,ollll)(>III'III.S) alld appli( al.illll­

leveloperations. Generic data st.l'ud,I\\,(·s rU'I' OlgrHliZ(,d in cil 1 111111'/11 ;IIl( (' llil'lïllThy 

basecl on common data types aud orgéUllzal.ioll in tilt' pl'ogl<llllllllllg ~('IISI' élllci 

access operations, i.e., based 011 ~hal ('d I1I/Ji/nT/( nIaI /011 char élC'tC'II..,ti( s. A l'plic ,d,ion 

data structures, which cOI'lPspolld 1,0 t,/w joillillg of il clat" ol'Ic'ct <llId ,l gC'lIc'ric dal.rl 

struct ure, may be se('11 dS Iwlollgi Ilg 1,0 1. wo pal éllI(·1 h il'I'Mell i(·~ flOIll wh i( Il t./u'y 

inherit differcnt things: they inlll'rit applicatioll ~('IlIt1l1tic s flOIll t II(' AO hlt'f'illclly, 

and clesign/irnplemcntat iOIl sC'lIlalltic~ frolll tJ)(' GDS IIic·/'tUThy . 

For any pair of application data ~trlldllres, four situatiolls illstead of 1./)(' wHial 

two - may OCCUI': 
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1. t.hey shar(' applicatioJl selllantics and irnplernentalion sernantics\ 

2. t.hey shan' Ol\ Iy applicat.ion spmaotics, 

:t Uwy shan' Ol\ ly implernentatioo sernantics, and 

1. tJ)('y shan' rwj tJ\(·r. 

While 1.1)(' first. t.hn'I· casps presPllt - to diffcrcnt degrC'es - opportunities for code 

f('WH" ol\ly in OH' first. two (as('s would t.hl' systl'rn aulomatically put the pair in a 

class-suhclass !(·Iat.iollship. FurthN, only tl\(' first caSt' is lOO% safe. Sorne maoual 

douhl('-c Iwcking is requiJ'('c1 ill t.!w second cas!' to l'lISllrc that. the inherit.ed op<'fa­

t,ions wOlild f\lI\<"t,\01I (O\T('ctly in t.he s\lbc\ass, the op<,ral ions t.hat can be lcuscd are 

applical.ioll-spl'cific alld dat<l ~t.lllctur(·-illd('I)(,I\(I(,IÜ ol)('rat.ioll~ or high-Ievel opera­

t.ions. III tlJ(' t.h irel cas<" l'('\I:,C' 1 alœs plan' hy rc- "i n st.a ntia ting" the inherited generic 

operai iOIl with tlU' élppropriate Il a III C' and typf' paranwtcls. In this case, low-Ievcl, 

<l('("('ss-likp or Pllrely data strlldurc'-spl'cific opc'ratiolls are reused. Intuitively, the 

CDS hiprarchy puhallu's codl:' rellsP by ahst.ract,ing out application-spmantics from 

ADS classc's; whih' th(' AO hl<'rar(hy pn's<,rvps the application-semantics jnto the 

<l('sip,1I a.nd implt'IlH'Ilt.atioll SLlg,t', and promote code reus(' by inheriting applieation­

sl·llltlllt.ics without having, sallw IIn(krlying (g<'n('!"ic) data structure. 

Notin' t.hat. tI\(' (1)('1 at.Îolls attad\('d t.o data componcnts are rcpresented hy 

pw«'ss-likc' COlllpOI\I'lIts, as sltoWII in Chapt!'r 5. In particular, opprat.ions may he 

d('colllpos('d int.o lJlor<, t'\ellwIIl.ary 0l)('ral ions. Furthcr, the entire apparatus set up in 

Soft,C\c\sS for SA/SD-likt' pron'Shl'S tmdl as architectural rl:'presentation (structure 

('harts), allalysis --+ d<'sign llIappings, sc'arch tools, de - may he applied to the op­

t'ratiolls atlarllt'd 1.0 <idl d objt'cts. Accordillgly, operations have a "global scope" in 

SoftClass, and in oroer 10 ('Ilablt' difrerellt dat.a objects to support different versions of 

t II<' salll(' 0l)('ra t iOll (owr!oadi ng,), wC' hao 1.0 implernf'llt "overloading" wi thin the tool 

itself, i.t.'., a\low t,wo difft'l"<'111 proC('~~C's to hc\v(\ the same "user-ori<,nted name", i.e., 
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the name of the componcnt as preseIlted h)' Soft ('Iclss to t lit' liser. ,'('n .. lIs tilt' intt'l'IIill 

name of the componC'l1t. For il I1l1mbt'r of tllt'on·ti(,ill and prc\Ctil'.d n'aso/ls. softwan' 

components arc rcprcsel1tcd hy SllIaIltalk cla~~ws. Pp lInt il ,,'C t<ll'khl t lit' It·plt'~(·\It.I­

tion, the internaI nallH' of ct COlllpUIlt'Ilt. (lldss lldllH') l'l)llsi~tt·d of tilt' '"lIst'l-ori('lllt'd" 

name of the componcut. cOHcat.(·nal.('d wil Il 1 II<' Hamt· of it s c<\t ('!!,l)\'~' (~t'I' St'( 1 inl\ ;l.'.n. 

to distinguish betw<'cn its n'pr('~('IJt,atiolls al differelll St.IP,(·S of dt·,'(·loplllt'lIl. For ('x­

ample, the componcllt 11 LQS "11 LQS" is the user-ol ÎCIII,cd 1Ié111l(' ~howlI ill Fip,\II'(' 

5.1 is representcd by th<' c1ass Il LQSDFDPron'ss, Il S r(,pH'sPlltat 1011 .11 1 III' archi­

tectural design Icve\ wOllld 1)(' a class Cé\l1l'd 11 LQSS'J'CPwn'ss, This 1I0llll'IH 1.11111'(' 

was no longer approprirlt(, when wc' allow('d OIH'I,<üiolls support(·d hy ddl'(·I'(·IIt. d.II.1 

objects to have the sanl<' "Hé\\Il!'''. W(' had to ,\(Id éI val i,Ihl(' 10 th.· 1(·plt·St·III..II,ÎOII of 

software components called "string,Nr\l\\(''', which is tlll' "1I~('I-ori.·IIt.(·d" Il.Inll' of 11lt' 

component. Hencc, intcrnally, lwo (,O/l1pOIl{·Ilt.S llIay havI' di/r(·I(·II\. (SIII."IL"" ( la~s) 

names but have the same "us('r-orienkd" nanH'. Sort.Clrlss dist.illp,III~II<''i IH'\'W('('II 

them based on thcir internalllélme; t.he usc'r can dist.illp,lIi~h 1H'l,w('1'1I t.l1<'1II Il.1:.,(·<1 011 

their signature. 

In the rcmainder of this charter, w(, disclIss tll(' I.hl'(·(· killds of d.II..I ollJ(·('\.s ill Ut(' 

order given above. For each kind of data objPct, W(' (liSClIss t.h(· pl illnpl(·s IIl1dt'/lyillg 

its reprcscntation and th(' SoftClas~ fllllctionc\lit.i(·s alld lools lI~(·d 10 Illlllliplllat.1' il.. 

6.2 Application Objects 

6.2.1 Application Objects 

As mentioned above, AOs are analysis leV<'1 rcpr<'sf'ntatious of the data objl'ct.s wit.hiu 

an application. At this level, one is concerru·d wi tll i III plellwlltatiou -i ndc'IH'/Hlc'Ilt, 

semantic properties of data ohject.!-.. As n\('nt.iorl<'<! in S<'ction !i.2, ail sofl.w.11(' ({)/B­

ponents in SoftClass are describ('d by their at.triblll,{·s and t11C'1I ill1.(·/ mil !-.I./ IIC I.IlI"C· . 

ln this case, the attrihutps of a dat a object (orresp0Jl(1 1.0 i1.s applicatioll-IJl(,(l/lingflll 
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attributcs, in the s('n~e of 00 analysis mcthods such as [Coa91]. 

For examplc, assume we want to design Adult AO in a particular application, we 

may get: 

Adult (Name, Age, Gender, Children) 

Define Data Objects 
.z..y--------,-l, ~..,------....,-l, ~..,-------r-!' .., 1 
Chiidren1D~~" Age ~ ------------ ~ ------------ ~ 

...... DataContents ~ G __ et_E_ld_e_s_tC __ hi_ld_D_F 
PersonDataObject Gender ------------
AgeDataObJect Name 
Adultl DataObject 
---------_-_-_-...J!!l_-_-_-_-_-_-_-_-_-_--_-_J!!l.local 1> super 1 !!l 

y 1 

GetNumberOfSons (In1 : in Adult ) 

Functlon: 
Return the number of sons ofthe person1. 

Figure 6.1: '1'001 for ddining application ohjects. The left view contains list of appli­
cation ohjects knowlI to Soft.Class. Th<, list. in the second view from the left contains 
t.11(' aUribut<·s for t.1\(' cUl'1ently sckcü·d application object (Age, Gender, Namc, and 
Childl'<'n), as W(' w('11 as "Dat.d.collt.ents" alld "Op('ratiolls". By selecting "Opera­
t.ions", t.he thinl list fWIII t.he Id\. shows the list of protocols. In this case. th('re is 
ollly 011(' ("ac('('ss"), all<l t.hat pl'Otocol has two operations. The lower text window 
shows t,)H' "ddinit.ioll" of t,l\(' s('lected operation. The "local" versus "super" buttons 
allow t.h<' US<'I' t.o swit.ch 1}('t.WC('1l locdlly dcfirH'd operations and inhcrited ones. 

An Adult ohj<'ct. cOllsist.s of fol\l' at.tributes - Name, Age, Gender, and a collec-

(,jOli of CIllld,.('II. W<, do Hot (él\'(' about. how t.o represent these four attributes at this 

1Il0111ellt.. IlIsI.c.\d wc do cart' about the applicat.ion-semantics, in particular, the be-

ha\'iour of Adult objects Ilt'<,d('d in th<' particular application. \Vc may want Adult 

10 l\il\,(, GeLNunLOLSons (Adult) operation and GeLEldesLChild (Adult) 

ï6 
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operation, etc. IIowever, W(' do Ilot 11('('d 10 know t.ht' dd ,.ils clbuut ho\\' 1 ht'st' Opt'I­

ations will be implf'nwnt('o Insl,('ad, what w{' n('('<1 no\\' an' oldy 1 he spccilic,1I ions of 

these operations. 

Figure 6.1 shows tIH' tool (brow8<'r) for slwcifyillg clpplic,ltloll ohj('tj,s. III litt' 

above example, wc are ('xdlllining the dt'finition of Adllli Dalc,Ohjt'd, \Vltit Il IS Slip 

posed to have four attributt's, Ag<" G<'n<!t-I', Ndnlt', ,lIld ('hildlt'II "\),tI ,,('on !.t'II 1 s" 

is an attributc shal'cd by élll application ohjt·( ts IISt'<I for 1'('ll'it,V," pUI posPS SO 1 Ital. 

developers may scarch for an appli(·at.ioll ohj('ct, wit.hollt kllowin.L', ils Il,lIl\t' 01' tht' 

names of its attributesjcompoI\t'lIt.s. 

Application Objects art' chal'actel'i,wd h.v 1) attl'ihul.t,s, 2) COIllPOIH'nIS rllld :1) 

relation between attribut<,s and com]>ollt'nts, élnd ,1) \)('ltclviolll spt'(·ilÎt'at.iol\:-'. Fol' 

the time being, the illterndl stl'lIctlln' cOllsist.s si III pl.\! of élll ('111111H'1 "lIon or tilt' ('tHlI­

ponents. Further, for most infol'llIctl,ioll sysl.t'lll applit al.iolls, 110 ohjt'CI. (Olll\lOIH'lIl.s 

are relevant to the applicat.ion, as ill a r)('rSOll's lilllbs in a P('l'sollllt'l 1Il,11IéI/!,t'1IH'1I1. 

application. 

6.2.2 Application Objects Hierarchy 

AlI the application obj('ct,s an' orgélniz('d in é\. illll('1 il.c1IU·t' hit'I'cll chy in whicll ~lIb­

Application-Object will inhel'it. the S(·1I1anl.ics (at.t.rilml,t·s, ('Ic) {lnd 1)('II"violll' SP('c­

ifications from supcr-Appliccttion-Ohj('cI.. ('.11,., Person, Juvenile ,lIld Adult AOs 

may be defined as Person (Name, Age, Gender) , Juvenile (NaIlH', Ag(', G('J)­

der) , Adult (Name, Age, Gender, Children). Juvl'Ililp ;lIld Adult WIll IH' 

sub-Application-Ohjccts of Person in tl1<' hi('ldl( Ity. 'l'11<'/'{,I(II'(' Jllv('nil(~ ,,"d Adult 

should inherit the scmaIltics and tilt' I)('haviolll frolll Per&oll (~('(' FI~lll(' (;.~). 

New application ohj('cts are platf'c\ ill t.\1(' inllt'lilarJ«'lIlt'l'ill(lIy wltidl is NOT il 

tree - in one of two mutually nOIl-exclusiv(' ways: 1) au!.o!rt,tl.it ally, d:-' rlt'w aH, ilJlllc's 

are added/removed, and 2) rnanllally, hy the l1serjdt'v('lo/)(',. AIII,(Jfllati(' c1,I~~ifi('atiofl 

uses the inclusion mIe h('tweell sd of attrihlltf·s. For ('xarnpl(!, wlwlI wc' filst cf('a1.pc\ 
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Adult 

Name 
( ;pJI(!cr 
Age' 
( :llIldrf'lI 

Person 

Name 
Gcndrr 
Age 

Juvenile 

Name 
Gender 
Age 

Figlll'c 6.2: Application Object hiprarchy 

Adult, as IlPW .. 11.trihuü,s are addcd to Adult, AdultDataObject is pushccl clown 

t.1lt' applicct.tioll obj('ct hi('rarchy, Iwcomillg a child of those of its "previous siblings" 

th"t already had t.he lI<,wly ctddcd cl.t.t.rihut,(·. For example, if t.he system had known 

ahout. Person I)(.fo('chand, wlt.h aUnhul.(·s "Nal1l(''', "Age", and "Geoder", it would 

hav(' alllollldt.ically plac('d Adult as a "subclass" of Person, and rightly so in this 

rmi<'. Ikspit,(· ils llaivd,e, we b('lic-v(' lhat suell a classification algorithm (sec Figure 

(i.;! about t.1lt' AO aut.olllat.Îc classification algoritlun) is an invaluable analysis aid: 

1. It may }'('wal inrollsistt'nt use of nomenclature by blindly - bascd on at-

t.ribul.(' Ilall\l'S pllshing new application objects clown the wrong paths (case 

of hOlllollyIllS), 

2. It Illay help develop<'fs complete the specifications of their application objects 

wllt'('e, al. earh step - i.e., each t.ime a ncw attribute is addcd - the new siblings 

of the application objecL suggcst alt<'rnéttive ways of complcting the specification 
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Classify_AO(Il('w_AO,IOOL:\O) 
O. llew_AO_attrihl\h'_~('t <- dll .\ttnh1\tl's of 1It'\L\O 

1. rooLAO_attrIh1\t('_~l't <- ail "ttrih1\t('~ of 1'00L:\0 
2. IF new_A(LattIibllt('_~('t :2 cllrr(,IILA(Lattribllt<'_Sl't TIU~N 

FOR ('aeh SII1LAO nf rooL:\O DO 
Classify_AO( Il ('\,,-A 0 , ~1\lu\O) ; 
make I\Pw_AO cl ~\I1LAO of rool_AO; 
EXIT; 

ELSE {"('lurtl 

Figure 6.3: Applicat.ion Obj('ct Âulolllatic Classificat.ioll AI/!,orit.llll\ 

of the object -- in c[('ct t.uming the cla:.;sificat.ioll ,lIgorithlII illto il hlowsin/!, 1001 

- hcncc avoiding t}w proliferat.ion of aUrihllt.p llalllC'S t.hat. 11\1',111 t'ssC'nt.ially Ilw 

same thing (synonyms); 

3. It might he ail that. is rcqui\'cd, i.(·., the IlS('\, I1lclY VNy wP\\ hl' t'ut.i)t'Iy sat.isfil'tl 

with result of automatic c1assificat.ioll. 

Manual classification may be lIs(~d when t!w \ls('r/dc'yplop('1' kllows Ilt'fo)t'halld t.11I' 

application object from which he wishes to inllC'rit. by lIallU" for ('.I-!,., as t.\J(' J'(·SIlIt. of a 

search on "Data Content.s", 01' sil1lply by displayilll-!, 0)(' ,q)pli( at.ioJl oll;t'( 1 l.iC'r<lJ'clw 

Finally, notice that while aul,o[))clt.ic classificat.ion uS('S ollly <lUI i\'"t,{·:-, fOI t Ill' 

time being, c.g., an applic(tl.ion-obj('ct, ill}writs hotll aUI ibu1.('s alld (JIWI,If,ioll:;. Fol' 

the time being, SoftClass c!O('S Hot can' il bout COI dl icti II/!, <lI H'ra t.iolls i Il tilt' ('il:"" of 

multiple inhcritancc. Notice however t1lé1t IIs('rs (ctll I('ddir)(' inllf'1 a(·d (1)('1 ilt.iollS 

locallyl. In the case of mult.iple ill}H'rit.allcc, Cl Il!>('r IlIdy chos(' 1.0 J'{,(!t·I"lf' 011<' of 1.11(· 

conflicting operations locally, in err(·( t. lTl.t:,killg t,))(' ot.II('I" 011<'. 

1 By pushmg the "1>uper" Imttoll III FJgur(> fi l, and ~"'l'ctJlIg Olll' of 1.1f/' 0JH'raI.Jolis (rr)!,ltt IIJOHI. 

list), one of the optIOns avatlahl(' I~ to accppt. thp opNatloll loc.-tlly 'II\(· III'W opf'r.\t 1011 m.lY th,·" Ill' 
edited ln a separatc tool 
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6.3 

6.3.1 

Generic Data Structures 

Generic Data Structures 

III SoftClass, p,c'rwr!c data ~trllctllfes corre:>pond to application-independent, pro­

grafllrni/lg constl'lH t.sjartifact.!>. III f,prms of Icvel of abstraction, thcy arc half-way 

lH'tWC('1l ahslrad. dass('1'> ail illterfaccjsignôturC', without implC'mentation - and 

flllly-illlpl(·/IIf'nl,c·d abstrad data types, in terms of including the algorithmic design 

for :-'Olll(' of thc (1)('l'otiolls. Typically, unss might include a Sort.edList sllch that the 

d('sniption of it.~ operat.ioll "ln~('rt,JIlOrd('f(lnOut L: SortcdList; In V: ValucTypc)" 

incllld(·s the algorithJlljps('lId()-«)d(~ for inserting a vaIlle in on ordered list, without 

n{f'lTillg sl)('('ifically 1,0 t!w way /Iodes and sure('ssor links are implcmcntcd (e.g., with 

dylla/llic poilll,('rs, versus as an index in an ôrray of l'ecords). The nuances will be 

('0111<' c\(·étICr oS wc s('(' sOIne examples. Wc distinguish bctwccn thl'ee kinds of GDSs: 

1) (LiOITlU' (,'J).'),..;, slICh as integ('r, float, character, string, which represent indivisible 

lit.l'rals, 2) "fcol'ds, c\lld 3) collections, whirh cO!1sist. of things such as arrays, sets, 

and ail sortH of J'(·c\lI'siV(· dat.a strllctureH, H\I('II aH linkC'd lists, trccs, graphs, etc. Ail 

G DSs al'(' <!escrihed by t.he set of operations thcy support, grouped in "protocols"2, 

SlIcll (lS "\'<H1Htruct,ors", "(\ ('\('s:,;o 1'8" , "itcrators" "scarch", etc. 

AH hut. atomÏc CDSH are paramet('rized. vVe use two kinds of parameters: 1) 

'IIIIJ(' lIa1'Cllllcl,"I's for aIl ki!lds of GDSs, à la g(,!leric packages in Aùa, and 2) NlIme 

JUIl'alllclt',',,;, IIs(,(1 JlIost.ly fol' l'ecord GOSs as di~(,\Iss('d in Section 4.5.1. 

For ('xamplp, Wl' might ddilJ(' a CDS LinkedList[ElementType), where Ele­

ll1('utTypl' is tll(' t.yP(· of th(, data cOIlt.ents of the "node:,;" - howcver they are implc-

1lH'Ilf<'d. For ail cl( t Hel! appli( at.iol\ data strllct.ure, wc I11ight suhst.itute ElementType 

ily Employ('eRecord, for ('Xctlllp!e, and obtaill a list of employees. Operations of 

s\lcll (mS are t.hos(' tho\. dl'<' purely dat.a :-.t.ruct.urlf'-depelldent. SlIch kinds of opera­

I iOlls can lw n'\lsl'd by ail)" applicrlt ion-specifie classes usillg r.inkedList. Operations 

~llMng SllIalllalk':,,1,Ir)!;on, wlll'n' ,1 Plolo('ol is a Itsl ofrlosely rdatt'd lJIethod~ 
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Name paranH'tf'rs an' 1I~('(1 10 pclrallH'lt'rizl'op('l'dtiollll,II11I'S. ('ollsidl'I thl' I('(old 

GDS Hl shown \)('Iow: 

Ri [Fi,F2,F3] = 
{ 

} 

Fi: STRING; 
F2: INTEGER; 
F3: STRING 

In this case, the field names FI,F1,F:I an' Il Il II/(' IUI/'lIl1/tlf,.,.;. H 1 Illi~ht. ~llPP()t! the 

operat.ions "GctFl(ln RI; Out STHING)", "S<,tF1 (11I()\lt lU, III STHIN<:)" S\lcll ,\ 

GDS may be used t.o illlplclllent. tlt<' applicatlOlI objc( t (AO) P(,I'S(Hl(NélllH', Ag(', 

Gender) by mapping Name Ln FI, Age 1.0 F2 <Ille! GClldcl' to I<':~ III t Ills (tlSI', 

"GetAge( ... )" is also mapp<,d t.o "Gd,Fl( ... )", i.('" t.he ,d).',ol'lt.hlll for "<:dÂ).',I·(,.)" 

is obtained From t.hat of "GetFl( ... )" hy llIaklllg!.l1!' IH'OIWI 11<1111<' slIl,~t.ltllli()II~. \V(' 

cou Id use the same record RI tn "illlplf'lIwnt." !.Il(' applic(tl.ioll oh.i(·( t. Cours(' (Tit.I(', 

Credits, Textbook), wit.h totally dirr('}('nt, appli(,(It.ioll sPlllallt.ics. III t.lll~ CtlS/' ft' 1 

maps to Title, alld "Get.Fl( ... )" rnaps to "C:dTitl(,( ... )". 

Generic data stnlctun's rnay haV<' hot." killds of pal'illlwt.(·rs, as ~ltoWll wit.h t II(' 

example record CDS R2: 

R2 (name-parameter[Fi,F2,F3,F4], type-parameter[element-type]) = 
{ 

} 

Fi: L1nkedLlst [element-type] 
F2: STRING; 
F3: INTEGER; 
F4: STRING 

Using this structure, wc cali hllilrl t!H' 1!;"ll<'ric 0P(·(itl.IOIl "Cd'J'ot.dNllllllwI'OfFI" 

defined as follows: 
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GetTotaiNumbcrOfFl(In self: H2; Out Hum: INTEGEH) 

{ 

num:= GetNumberOfElcl1lcnts(GC'tFI(s('lf)); 

} 

where we assumed that linked lists support the op<'fation "G<'!,N ullIl)(,I'OfEl('IlH'IIt.S", 

and R2 supports the operation "GetFI". R2 can be lIsed to implcllwnt. Adult \lsillE:', 

the following mappings: 1) Ft --t Children, 2) ElementType -+ Person IlH'éII1illg 

that the attribute Children is a list. of Persons - , a) F2 -+ Name, ,1) F3 --t 

Age, and 5) F4 -+ Gender. Using this mapping, "GC't'I'ot.alN\lIllIH'I'OfFl", h('('OIlH'S 

"GetTotalNumberOfChildren", and does <,xactly that.. 

6.3.2 Generic Data Structures Hierarchy 

In SoftClass, generic data structures (GDS) arc organi:f.('cJ alollg an illlll'I'it.al\("(' hil'I'-

archy. A GDS RI is a descendant of a GDS R2 if RJ has aIL I/H; ('01llIJOllful 1!J1U','I 

of R2, and possibly more. Unlike applicat.ion objecl.s (AOs) whC'I'(' illh('rit.aru'(' was 

based on attribute set inclusion, in this casc wc use the lypf'.'I, l'at.hC'1' thall t.he' lHITI/f','i 

of the data structure components (sec Figul'c 6,4). For ('xampl<', a(,(,ol'dillg (,0 our dd­

inition, R2 above inherits from RI, although field nam('s clash. We choos(' t.o ignore 

field names because those names arc bogus names t.hat will ult.irnat.dy 1)(' 1'('pl(\(,I'<I 

by application meaningful names. In the <R2,Rl> exarnplc, it is d('il.!· t.hat fipld F2 

of RI (of type INTEGER) maps to field 1"3 of R2. 1I0wevel', FI and Fa of lU, rr:1y 

map to either F2 and F4 of R2, respectively, or F~ and F2, and il, is importallt. 1,0 

indicate which, once and for ail, when wc crcatc the inhcritance Iink het,wœll H.2 and 

R13
• 

In general, it is useful to think of inherit.allcc rdat.ions as heing ddill(·d hy il. 

3 Among other things, it is important to keep track of which rnf·l.hods are apphrahln 1.0 wlll!:h 
field. 
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cornbination of a supcrclass, and a list of mappings (pairs). This is similar to renaming 

in Eiffel [Mey92]. 

R2 

PI: LinkedLI~t(E_T) 
P2. STRING 

F3:INTEGER 
F4:STRING 

R1 

FI: STRING 

F2: INETGER 
F3:STRING 

R3 

FI: STRING 
F2:INTEGER 

FH:STRING 
F4: ARRAY(E_T) 

Figure 6.4: Generic Data Structure Hierarchy 

ln the above examplc, one interpretation of the relation between RI and R2 is RI 

((1"2 FI) (1"3 F2) (1"4 1"'3)). Another would be RI ((1"2 F3) (F3 F2) (F4 FI)). A GDS 

may inherit from several GDSs, in which case, it would maintain on such mapping 

for each immcdiatc supcrclass. Assume that we define two record GDSs, R3 and R4, 

as follows: 

R3 (name-parameter [Fl,F2,F3,F4J, 
type-parameter[ElementType2]) = 

{ 

F1: STRING; 
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NameParameters 
TypeParameters 

Fl : String 
F2: Integer 
F3: String 
F4: Array 

~ ____ --I:::J _____ --I:::J~loeal 1) super 

• 

} 

Figure 6.5: The GDS too! for autolllatÎc classification 

F2: INTEGERj 
F3: STRING; 
F4: ARRAY[ElementType2] 

R4 (name-parameter[Fl,F2,F3,F4,F5], 
type-parameter[ElementType,ElementType2]) = 

{ 

} 

Fi: LinkedList[ElementType]; 
F2: STRING; 
F3: INTEGERj 
F4: STRING; 
F5: ARRAY[ElementType2] 

R4 is a subclass of both R2 and R3. Wc have: 

R4 superclasses: R2 ((FI FI) (F2 F2) (F:J F3) (F~ F~)), 

R3 ((F2 Fl) (F3 F2) (F~ F3) (F!> F~)) 

In addition to "GetTotalNumOfFl ( ... )" definC'd fol' R2 ahoV(!, lU can also in­

herit the operation "GetTotaINumOfF~ (In self: R3j Out ntlfn: INTEGEH)" for n:t 
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Classify_GDS(ncw_GDS, rooLGDS) 
O. ncw_GDS_typc_set <- aIl field types of new_GDS 
1. roocGDS_type_set <- ail field types of rooLGDS 
2. IF new_GmLtype_set 2 currenLGDS_type_set THEN 

FOR each sub_GDS of root.GDS DO 
Classify_GDS(new_GOS, sub_GDS) ; 
Mapping_Field_N ame( new _G OS, rooLG DS)j 
make n<,w_GDS a sub_GDS of rooLGOSj 
EXIT; 

ELSE return 

Figure 6.6: Gcncric Data Structure Automatic Classification Algorithm 

Mapping_Field_N ame( new _G DS, rooLG OS) 
FOR <,ach new_GDS_field DO 

IF only one new_GDS_field is the same type as rooLGDS_field THEN 
new_GDS records this field name mapping automatically; 

ELSE 
prompt to the user the choices and let the user decide mappingj 

Figure 6.7: Generic Data Structure Field Name Mapping AIgol'ithm 

Such an operation is identical to "GetNumTotaIOfFl", except that FI is replaced by 

1"4. Decanse of the mapping, R4 "secs" these methods as "GetTotaINumOfFl" and 

"Get1btaINumOfF5", l'espectively. 

SoftClass automatically classifies generic data structures based on their compo­

ne nt t.ypes, when there i8 no ambiguity. In case of ambiguity - e.g., case of RI and 

R3 above - the tool for defining gencric data structures prompts developers for the 

mnbiguous mappings. Figme 6.5 shows that when the user asks for automatic classi-

fication of R3 GDS, the tool tirst finds that R3 should be sub GDS of RI. However, 

the t.ool also finds that 1"1 of R3 can be mapped to either FIor F3 of RI. In such 

cases, the tool prompts to the user to make the choice. Figure 6.6 and 6.7 show the 

algorithm for aut.omatic classification of GDSs. Developers may also classify generic 

data stl'ucturt:S manua/ly, i.e., by specifically naming their immediate superclasses. 
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Notice that when a G DS is classified, t he' i nh<'I'Ï t (,cl 0P('1ël t ions t hal art' l'l'la t i \'t' t II 

renamed fields are not act.ually l'cna11lcd and l'('t!('flncd locally. 110""('\'('1", hy l't'(,ol'dillg 

the mapping, SoftClass can dynamically "l'('colIstmd." su ch 10<"01 dt'linit ions, should 

the need arise (see Chapter 7). 

6.4 Application Data Structure 

6.4.1 Application Data Structure 

Application Data Structures (ADS) arc design-I('vel rcpr('s('Ilt.at,ion ohj('cts. TIlt')' c\r(' 

obtained by mapping an application object. over a gf'IH'l'ic dat.a st.l'uct,II\'('. As allot 1)('.­

way of looking at it, they are obtained by bindillg t.hf' paramt'l.('l's ot' a GDS 1.0 1.11<' 

specifies of an application object. Figure 6.8 illllstrat.es how t.11<' applÏ<'at.ioll (Iat.a 

structure AdultRecord may be obtaincd hy llIapping 1.11(' applicat.ion ohj<'('I. Adult 

over GDS R3. 

Assume that we want to implement. Adult (Name, Age, Gender, Children) 

application object, the givcn example in the previous s('ct.ioll. H2 and H:J ill'(' GDS 

candidates. Suppose we have Person applicat.ion object, t.hat. is aln'ady fully illlpl<'­

mented by mapping to another GDS ( ('.g., Il 1) and we finé\lIy g<'t, Person A US. 

If we chose R2 as the CDS to represent Adult applicat.ion ohject, wc' ôhtaill il. hy 

instantiating aU the generic parameters: 

R2(name-parameter (Name, I\ge, Gender, Children) , type-parnmeter 

(Person». 

This mapping is similar to that between generic dat.a st.ructlll'cs tllal. al'<' in an 

inheritance relation: it renames data field narnes, alld makes t.he pro!>('1' subst.it.ut.ions 

in the code of the operations. Figure 6.9 shows that when the liser is rTla!>pillg t.he 

Adult AO to the R3 GDS, the 1.001 prompts to the lIsel'S t.o confirrn t.he rnapping of 

each individual attribute to propcr field. Artel' the rnapping, the field narne pairs are 

recorded and aIl GDS operations can be easily obtairlf'd by fiele! /lame subst.it.ut.ion 
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Figure 6.8: Creat.ing a design-Ievcl representation ~ADS) for an application object 
(AO). 

in the code. For example, by mapping Children of ilne application object Adult 

to field F4 of R3 GDS, we realize that the operation "GetTotalNumberOfChildren" 

identified at the analysis level has been implemented by R3 CDS under the name of 

"GetTotalNumberOfF4" that might be written as: 

Gct.TotaINumberOfF4(In self: R3j Out num: INTEGER) 
{ 

num := GctNumberOfElements(GetF4(self))j 
} 

Thus, a design-level representation of "GetTotalNumberOfChildren" is created by 

Illaking the proper substitution in the (pseudo-) code of the "GetTotalNumberOfF4". 

In particular, we get: 

Get TotalN umberOfChilclt'en(In self: Adulij Out num: INTECER) 
{ 

Hum := GetNumbcrOfElements(GetChildren(self))j 
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Deflne and Edit Soft Description 
~_-_-_-_-_-_-_-_-_-_-__ -~ .. .%_-_-_-_-_-_-_-_-_-_-__ -....-l .. .%_-_-_-_-_-_-_-_-_-_-_-_--.-1 .. ,%'" _-_-_-_-_-_-_-_-_-_-_-_-d .. 
~,cllIltDataOt)lect 

AgeDataObject 
AgeDataStructure 
ArrayData Type 
BooleanDataType 
CharData Type 

Age 
Children 
DataContents 
Gender 
Name 
Operations 

___________ ~~v ___________ ~~.., ____________ ~~y ______ • ______ ~~y 

.. .. 
• 

} 

U'illejren attlltJute will be l11apped ta: ') 

F1 : STRING 
FZ: INTEGER 
F3: STRING 
F4:ARRAR 

Figure 6.9: The CDS tool for automatic classific,lI.ion 

We could have mapped Adult ta R3 CDS, and obta.incd another ADS ndlpd il. 

AdultRecord3 -, which is distinct from AdultRecord2, and t.he t.WO Illély ('()-pxist. 

in the system. 

Notice that we automatica.lly crcate the dcsign-Ievcl represent.at.ion (algorit.hrnic 

design) for the operation only ifthc application abject has an eqllivalent. in 1,11<' gen('rie 

data structure. In particular, wc do not systematically create an op(~rat.ioll in t.he 

application data structure for evcry generic operation of the generic dat.a st.ruclurp. 

For example, if R2 CDS implemcnted the generic operation "GctMiddl(+'1( ... )", wc 

do not necessarily create the operation "GetMiddleChildren( ... )", Illl)ess if. has 1)('('11 

identified at the analysis level. This kiml of encapslllation is highly desircd in most. 
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of applications. A CDS offers ail the op~rations needed to access, constructjrelease, 

ilerale Hs components and to manipulate its structure. 

The operations of an application object, identified at analysis stage, can be 

roughly divided into two categories as described in [Mar91]: 1) base operations 2) 

high-levcl, application-specifie, or computational operations. Base operations, using 

our separate CDS hierarchy, cau be obtained by proper name or type substitution. 

On the other hand, for cvcry application-specifie operation, we will not necessarily 

have an equivalent gencric operation. For example, wc may be interested in the num-

)('r of sons a given Adult person has. The fulfilled operation of Get_Num_Of_Sons 

(Adult) may look likc: 

GcLNum_OLSons (in self Adult, out Num: INTEGER) 
{ 
local each_child : Personj 
local counter : INTEGER; 
counter = 0; 
For_Each (each_child, CeLChildren (self» 

{ 
if (ls_Male (each_child» then 

counter = connter + 1; 
}; 

N um = conntcrj 
} 

but snch an operation has no equivalent in the CDS, and consequently, its pseudo­

code will have to be entered explicitly by the developer. However, as we will see in 

Chaptcr 7, the program design language (pseudo-code) compiler draws a number of 

inferences that make this task easier. 

6.4.2 Application Data Structure Hierarchy 
Inheritance-Hierarchy 

a Bi-

Our way of creating application data structures results in a significant reuse of generic 

code. howcver, we would also want to rense code eorresponding to operations with 
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very specifie application-scmantics, ilhlstmt<,d by t Iw - not so spr'ci lic "Gd N Il 1Il-

berOfSons" operation. Under \Vhat condit.ions could W(' rf'IlSl' t hat. cod(· (01' pS('lldo­

code)? For any givcn pair of application data st.rud1lr<'s ADSI and AnS2, Ollt' of 

four situations may occur: 

1. The corresponding (AO)s arc idcnt.ical or have' an inhpritance t"t'Iationship, and 

the corresponding (GDS)s are idcnlical or have' an inIH'ritann' l't'I.It.ioIlShip, 

2. Only the corresponding (AO)s arc id<,nl.Î<'al 01' in an illh<,rit.aJH·(· J"(·lat.iollship, 

3. Only the correspondillg (GD8)s arc ident.ical or in an illlwrit,ilnCt· rt'Iat.iollship, 

and 

4. None of the above. 

Person 

Namo 
Oender 

Ai" 

Nllllle 

<leader 
Ai" 

1 
1 

1 
1 

1 
1 

, 
1 

1 
1 

1 

1 
1 

1 

1 

" 1 

, 

1 

Rl 

PI mINa 
Pl 1N1lU11III 
Pl mlNo 

R2 

~I STlINO 
l'1IN'lttOIlll 
F! S11l1NO 
P4 A .... V(H 1') 

Figure 6.10: Application Data Structure hierarchy 

The first and last case are straight-forward, alt.hough t.hey stand at th(~ opposit.e 

end of the reuse spectrum. For the last case, there is very little chance of code> rpw!(), 

and we should not try ta force l'cuse. 
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With the first case, wc can safcly l'cuse code between ADS1 and ADS2, and 

the rcuscd opc'rations ITwans the same thing in both classes. In the third case, 

we muId reuse aIl of the operations of ADS1 in ADS2, if wc wanted 1,0, but most 

Iikdy, they would not make sense. Wc could imagine using R2 GDS to implement 

a company department, say Department(NameOIDepartment, DeptNumber, 

NameDeptHead, Employees). Dy replacing "GetChildren" by "GetEmployees" 

- a substitution that couIc! be automatcd using the various mappings, we could reuse 

"GetN umberOfDallghtcrs" to get the number of female empIoyees of the department, 

hut, that would not mak{' f;t'nSe, b~cause a user looking for an operation which returns 

female employees will not intuit.ivcly consider a "get number of daughters". This is 

the kinc! of implement.at.ion inheritancc that a number of researchers and partitioners 

advised against. [Co092, Cox90]. 

In t.he second case above, there is a great deal of l'euse that can be explored and 

should he Laken advantage of. In t.his case, ADS2 could reuse aIl of the application­

scmantics of ADS1 - which it already does - but not necessarily the implementation 

or represent.ation. Again, there are two kinds of possibilities in this case: 

• t.he corresponding AOs are identical. 

This may be t.he case that an AD may have two or more versions of impIe­

mentation at t.he design or implementation. Wc can imagine the same software 

product will ultimat.ely be run in different environments or ported to different 

platforms, and thel'efol'e, may have different performance requirements. Or, 

more generally, an existing software product may have sorne AOs that have the 

same> or similar application-semantics as a new product in which different data 

st.ructures must. be used to implement them. For example, for the same Adult 

application object, we may want to use ARRAY instead of LinkedList to 

represent Children attribute, or we could use R3 to implement AduIt . 

• the corresponding AOs arc in an inheritance relationship. 

91 



• 

• 

A.tuhR2 

R3 

AdultFemalcR'\ 

Figure 6.11: Adult mappillg 1.0 R2 and Adlllt,F'<'lllal(' lIlélppillg 1.0 H:' 

It may not make sense for one software prodllct t.o have AOs i.hat. al'<' ill ail ill­

heritance relationship implemcnted using difrerC'lIf. 1'C'(lI'<'Sellt.élt.ioIlS. OUI' goal is 

to reuse code between difrerent implementnt.ions of t.he saille SOft,Will'<' pl'Odllct.s, 

or to reuse existing software components 1.0 COIISt.ruct. new softwéll'C' Pl'Oclllcl.S. III 

such cases, there will be more opportllnitiC's fol' rpuse by dilllinilting I.h(· strict., 

not always desired rcquirerncnt of having the saille' IInd('r1yillg data, St.I'IH't.IIn':;. 

Suppose that in one existing software prodlld, wc have 1.11<' AO Adult ami 

its implementation AdultR2, obtaincd by rnapping Adult 1.0 t.he CDS R2. 

Assume that a new application requif(~s t.hat wc' dc·fine an AdultFemale AO 

which is a subclass of Adult from a conccptual point. of vicw, but. t.hat for c·frj­

ciency consideration, wc chose to implcrncnt AduItFemale u:,ing Ra inslead of 

R2, to yield AdultFemaleR3 (sec Figure (i.ll). Wc' may neee! sorne operat.ions 
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sneh a.s ,·C:C'tNllml)('rOfSoll~" tha.t have> hccn fully im;->lemmted by AdultR2. 

Ac('orcling t.o tJ'aditional, implcmcntation-hased inheritancc, thcre is no chance for 

,r;y.r.,l(;malic rcmw. This iH })('cauHc that, al, design or irnple'mcntation stage, application-

s('rnantics has to giv(' IIp the priority to the' IIndC'r1ying data representation. ft is 

t.1'IH' t.hat wc can not relise those low-lcvcl, da/a sl1'uclllrc-dependenl operations with 

diffcn'nt data structure' irnplelTlelltation. "Ad<LEIf'ment( ... )" would mean diffC'rent 

t.hing for an ARRAY or LinkedList. Howcver, t.hese low-Ievd access operat.ions will 

be r('(!cfined as a re~mlt of mapping AdultFemale t.o R3. Nevertheless, for those 

applicat.ion-specific and dat.a structur<,-indC'pendent. (with disciplines) op<'ratiOllS such 

aH "Get.NllrnbC'rOfSons" ('(Hl be and should I)('reused. 

Let. liS takC' a look al. the pseudo-code of "GetNumhel'OfSons" for AdultFe-

maleR3. ft will he: 

Gd.Nllrn.OLSons (in s<'1f AduIlF'emalf, out NUIll: INTEGER) 
{ 
local each.child : Person; 
local count,cr : INTECER; 
counter = 0; 
F'or.Rach (C'ach.child, CeLChildren (se'lf) 

{ 
if {ls.Male (each.child)) then 

countcr = conn ter + 1; 
} ; 

Num = count.<'r; 
} 

lIot.ice lhat the F'ol'.Each(} operation, an it.erator operation of ARRAY is diffcrent 

fWIll ail implemetltat,ional point of vicw (A RRAY vs LinkcdJist), and if not t'ollowing 

SOIll(' discipline, it. may be namcd differcnt from each other (i.e. For .Each.OLArrayO 

alld For .Each.OLLinkedJisl()) . 

Compared to t.he the same operation of AdultR2, the operation of AdultFe­

maleR3 also \!sC's four classes - AdultFemale, Person, INTEGER and ARRAY. 
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Obviously hcrc, Person :\ ns is t!1t' ~allH' (; DS (Person RI) ,1lId t !wn·fore" 0pC·I.!t lOti 

"Is_Male()" is also tll<' SélllH' olle. Th<' acC('ss Opt'I'éltion "Ut'LChildl't'1I0" for AduIt­

Female, which is act.ually ohlailwd by proPt'!' ~;uhstif,lItioll frolll "l:t'lFIO" flOlIl ICl 

CDS, has the same f!lndion hy St'I<'ding tilt' prOpt'l' ('OIlIPOI\('III. TIlt' ollly c1ilrc'lc'llt't' 

is the iteration operation "«'oLEach" for AHHAY ",hilt' AdultR2 IlSt'S "Fol'-"~,tl'h" 

for Linked_List. IIow('v('l', if Wc' k('('p t Il(' sallH' ~yllt w, f(,r AH H" Y i ter" t or opc'I.II iOIl 

by overloading the operat.ioll lIame, i,('., For_Each (out elemcnt-t.ypt:', in AU­

RAY), by rcplacing Adult \Vith AdultFcmalc, Wc' ca Il l't'II~C' t ht' S"lllt' ('(HI!' of t his 

application-dependent opf'ratioll for élllot.lH'r Adult ApplÎt'i1t.ioll Ohjt·c! illlplc'1I\('1I1,t­

tion AdultFemaleR3. 

III general, if AOSl and ADS2 art' in!l<'ril.élJl(,(,-I'(·lat.<·d ill t.hc· AO hic'rdldl)' hllt. 

Ilot in GOS hierarchy, the applicat.ioll-~'i\)('cinc oper"t iOlls CéllI 1)(' 1 ('II:';('cI plo\'idc'd t h.tI 

the following checking and desigll pril1ciplf's an' sat.isfi .. d: 
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1. First, we nced to flnd out aB the rli(lnt classes and their operations used 
in the original operation. We wi1\ check each of these operations one by 
on<.. 

2. Thes(l operations might be 1 j GOS operations (in our example, they are 
iteratioll "For_Each()" for ARRAY or Linked_List and "+" for INTE­
GER); or 2) t.he operations are ohtained from different GDS ("GetChil­
drenO" for R2 or R3); or 3) other AOS operations ("Is_MaleO" for Per­
son in tlte example). 

3. For the GOS opNatiolls, if the client classes are the same in both orig­
inal and desired operation (INTEGER GDS and operation "+" in our 
example), it is completely safe. We can directly use it. If the the client 
classes are differpllt (Linked_List vs ARRAY), sorne discipline is required 
in design of generic data structure, where we should aim for abstraction 
and overloading. Iterator operation for both ARRAY and Linked_List 
are required using the same name and syntax. 

4. For the opt>rations ohtained from differ(lnt GDS, there is no problem, 
because they are parameterized in the same way, such as "GetChiidrenO" . 

5. Since the application-semantics is inheritecl, the client GDS will have n,e 
same semantics also. Therefore, we only neecl to check if they are using 
the same GDS. If thcy are, which means they are the same ADS also, 
there is no problem. If not, we a.lso need to discipline the operation such 
that it will have the same externat behaviour. Here encapsulation plays 
a very important role. lu this example, sinee Person ADS is identical, 
the operations used from it are safe to be used also, such as "Is_MaleO". 

6.4.3 Operation Classification 

From the above discussion, we distinguish three kinds of operations for any ADS: 

1. operat.ions that. are obtained from GDS. These kinds of operations always have 

no application-semant.ics, but highly data structure-dependent. We may caU 

sueh operations application-independent operations (AIO). 

2. opcrations that have application-scmantics and also data structure-dependent. 

For example, the "ls_MaleO" operation may be implemented as "return (Gen­

dcr == 1)" or "rcturn (Gender == 'Male')" or "return (Gender == 'M'), 

depending on whethcr Gender is rcpresented as an INTEGER, a STRING or 
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a CHARACTER. Wc ("ail this sort of op('rations IOIl'-/f/,d (/pplu'alioll-'''IItTijic 

operations (LLASO). 

3. operations that hcavily appliration-sC'Illétnt.ics dt'!>C'n(h'nt, hut. data l'l'Jl1't's('nta­

tion (CDS) independent. "GcLNunLOLSons()" is such kind of operat.ions. Wc.' 

caU this kind of operations high-level applicalion-s]J('('iJic op('raliolls (II LASO). 

Using our approach, the first kind of operations ("an he n'lIs('cl from GDS. Anel 

we just argued in the previous sections that, the thinl kind of op('rations (,é\1I also 1)(' 

reused. Only the second kind of operation rw('c1 t,o he rewrit,h'll. Fort.ullé\ü'ly, t.!H'Y 

are usually trivial operations. 

Application-independenl opem/iolls can he easily distingllishcd. Tl\(' dist.illction 

may be blurred between low-level or high-/e1Je/ lI.ppliralion-.'iJU'ciJi(· o/}("/'(llio'1l .... Int.lI­

itively, there are sorne l'ules that help distinguish t,\wm: 

1. If aIl the client classes but the A DS2 if,self arc idC'nt.ica.l in ol'Îgilla.\ and t.11(~ 

desired operation, and the componcnts of ADS2 uscd arc ilOt. chang('d, il. i:i a 

HLASO. 

2. If the components of ADS! arc lIscd and they arc diff{'rent from t.he C'ol'l'c'sponcl­

ing ADS2, and also literaI values arc involvcd, it is a LLASO, and theJ'(>for(' 

should be rewritten. 

3. If there exist client classes or componcnt.s of t.he reœiver cla.:iS who:ie (lJ)S an' 

different, such as in "GeLNum_OLSons()", t.he cornponent Children is diffc'r­

ent, besides the design discipline (overloading operations and cncapslJlat.illg t.he 

literal-like details) to guarantee the external hehaviour kœp unchang<!d, rcrOrTl­

piling the code may be needed after proper suhstitution . 
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6.5 Implementing Representations of AOs, GDSs 
and ADSs in SoftClass 

Recall in Section 5.3, process/procedure software components are represented using 

global attributes, and internaI relations a.mong attributes and components. The 

attributes values have both keyword and text format. 

AOs, CDSs and ADSs are represented as software components in a consistent 

fashion with processjprocedure components. 

The application-domain attributes of each AO is represented as "global attribute"s 

the AD class, the sub AOs, if any, are represented as "components" as the AD 

(aggregation ). 

Since GDSs can be roughly classified into two categories: singleton and complex 

data structures which are composed of fields. Therefore, the components of a com­

plcx CDS arc rcpresented as "field components", each of which has an "DataType" 

att.ribute to store the field type information. 

An ADS in SoftClass is a combination of the AD (its analysis leve} format) and 

the GDS (its underlying implementation): 1) aIl the application-domain attl'ibutes 

are inherited by the ADS and also represented as "global attribute"s; 2) sinee each 

application-domain attribute is mapped to a field in the GDS, the field type is stored 

as the keyword value of the attribute; 3) aIl the sub ADs at the analysis level of the 

corresponding AO are tl'ansformed ioto sun ADSs of the ADS. 

The representation of operations (processjprocedure components) of data objects 

is implementcd as follows: AlI the operations of a data object are organized into dif­

ferent protocols (just like in Sma.lItalk). The protocol1ist is conceptually represented 

as an attribute named "Operations" for ADs and C DSs. As for ADSs, we use "Op­

erations" attribute to represent the protocol list inherited from their corresponding 

AOs, another "Generic Operation" attribute to represent the protocol list from its 

undedying GDS. 
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In SoftClass, each operation is actuaHy a proccss/proc<,dure> software> (·ol\\l'oll<,nt .. 

From a process/procedure component's point of vicw, il. i8 an op<'ration h('longinp, 

ta one or more data abjects. We kllow it. from Chapt.cr 5 t.hat tht' input/out.put. 

parameters of a process/procedure componcnt are r<'pl'<'8t'ntcd as at.t.rihllt<,s of t.11t' 

component. In details, the keywol'd name indiratcs th<, paranH't<'r nan\('; I.hc' in­

put/output property is defined according 1.0 propN keyword cat<'gory - k('ywol'ds for 

parameters are classified into "input", "out.put." and "input./output" nü<'gori('s; t.1I(' 

parameter types are represented as the valu<,s of the kcywords. Thc' t.('xl. 1'01' t.!u' 

parameter attrihutes is used for description of the paramc't.er. ProCt'ss/proc('durc' 

components are associated with data objects according to, in Illosl. ca.ses, I.h(' i/lplll 

parameters of each process/proccdure compollent .. 

The representation of the detailed design level operat.ions arc r<'presPIII.('c\ <Iiff<'I'­

ently from those of the analysis and architect.urai design 1 <'vel , sillc(' more c\c't.ailcd 

code needs to he entered hy the developer. In the next cltapl.c'I" wc' will diseURS 

the PDL (Program Design Language) for algorit.hm design, and it.s cOlllpilc'I' wltieh 

realizes our reuse approach and validates pseudo-code . 
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Chapter 7 

PDL - A Program Design 
Language for Detailed Design 

7.1 What is PDL 

A number of CASE tools support sorne sort of pseudo-code/algorithm design lan-

guage. However, not much is donc with the pseudo-code, with the exception, perhaps, 

of the signatures of procedures. As part of the SoftClass project 's efforts towards au­

tomat,ing sorne of the change propagation across development stages, it is desired to 

develop an intuitive and easy to use, yet "formaI" and somewhat verifiable design 

language. Programming Design Language or PDL is such a language. 

Design and programming are the same activity, raising the same issue - structure, 

modularity, correctness, balancing bet,ween function and data aspects etc. A PDL is 

for design what a programming language is for irnplernentation. The only difference 

is in the abstraction level of the virtual machines being prograrnmed. SoftClass wants 

users/developers to be able to write something close to 

For each ernployee: 
compute weekly salary, 
print check, 
send evaluation report to supervisor 

without having to worry about whether the personnel records are kept in a file, an 

army, a linked list, and without worrying about, or having to learn the syntax of yet 
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another design/programming language'. Furth('r, as a <':q)('rÏnl<'ntal CASE tonl, it is 

not desired to spend too much time designing such a languag<' and llIakC' sun' il. is 

expressive, complete, exhaustive, etc. Th(' syntax of PDL ean 1)(, found in tIlt' lasl. 

page of this chapter (Figure 7.6). 

In or der to remain close to the liser, short. of p('\'forming faney nat.ural lallp,uag(' 

processing, we had to adopt an extensible "objcd-ol'ÎC'nt,e'd <lc'sign languag('''. 'l'II<' 

language is object-oriented in the sense that it supports informat.ion hiding, illlH'r­

itance (two inheritance hierarchies) and overloading. It, Îs ext.C't1sihlc' in t.h(' S('IIS(' 

that, with the exception of sorne very baRÎc cont.rol Rl.nldll\'('s (hrélncll<'s an<l loops), 

the "vocabulary" of the language is as wide fiS whal. the lélIlgllagc compil('r lintls in 

SoftClass in terms of GDS, ADS and operations. Figlll'e 7.1 shows t.l1<' pS('llllo-('oclc' 

for the operation "GetNumOfSons" defineo on AdultRecord. For ('(\('h (It't.ail(·d 

design-Ievel representation of a process-Iike compollellt, t.he system C\'('éÜPS ail C'1I1pt.y 

procedure with the signature and the terminat.or "End Module" , J\ d('Vf'lo\>pr ('nt.('" 

"most" of what is between the fil'st and laRt lim'. Wc say "most." h(~('allsc' t\\(' IO(,éll 

variable declarations are semi-automatically added by t.he compile·l'. This will 1)(' 

illustrated in the next section. 

7.2 Algorithm Validation 

PDL is used to describe algorithm within the an opC'l'itt.ion. PDL cOll1pilpr is re'spO/l­

sible for the algorithm validation. Algorithm validat.ion incilldes t.wofold: syllt.adic 

validation and semantic validation (see Figure 7.2). 

Syntactic and lexical validation involvcs the followillg: 

1. Validating control structures: the POL compiler lookR for the prop(~r ddimÎl.el's 

of various control structure . 

2. Validating object namcs and opcrator namcs (alphanumeric with propc!r hy­

phenation characters). 
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.. ------------ A ------------ .. ------------ lA 
GetNumotSonsSTC ( ln A Functlon ln ISZZ7996PDLLocaiVari 
In1431S0BSTCLoc81Varl8 Inl Out18229684PDLLoc81Ve ------------
ln 1 B2Z7BB6POLLocaiVari Outl ------------
Inl B2Z7996STCLocaiVarii ------------
InlB2741S3STCLocaiVari 
ln 1850022sSTCLocaiVari 
ln 1 BB64630STCLoC8IVarI 
InlSTCLoc8lVarl8ble: RI" 

" " " 
Module GetNumOfSons ( Inl : ln Adu~; Out! : out Integer ) 

.. 

locel eachChlld : Persan; 
local counter: Integer; 

counter:- 0; 

ForE8ch (eachChlid. GetChlidren (Inl)) 
begln 

If (lsMale (eachChild» then 
counter:- counter + 1; 

end; 

Out1 :- counter .. 
" 

Figure 7.1: PDL Tool 

Scmantic validation involvc the following: 

1. AlI data objects are locally or globally declaredj 

2. AlI data manipulations (operations) are valid. 

7.2.1 Data Object Validation 

Source V.hd Source 

• Figure 7.2: The Process of Algorithm Validation 
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O. IF a constant value is assigned ta the ulldecJared variahll' THEN 
the variable's type is defaulted as the constHnt's type and prompt IlSl'r to fOttfirm 

ELSE 
1. IF the variable appears as an parameter of an ap<'fat.ion TH EN 

(a) IF non of the parameters of the operation is known THEN 
prompt the user ta ask for type' of ally paramete'r 

(b) ELSE (i.e., sorne parameter's type is known) 
the undec1ared variable is infened from tlH' operation 
which is round accarding ta the knawn pararneter. 

Figure 7.3: Variable Type Illfcl'('l1ce Algol'ithlll 

As mentioned ahove, the PDL compiler can scmi-automatically add voriahll' cI('c-

larations when it has enough knowledge about the variables to infN UH'ir type' êlIut 

their scope. When the compiler secs a symbol it do('s Ilot know a bout - hasÎCê\lIy, 1I~)t. 

present as a component in SoftClass, the compil('l' tri('s to llIake inf('r('lIcPs ahout t!\(' 

nature of the symbol depending on the cont.cxt of it.s use'. The syntax is sufficiPlltly 

unambiguous ta distinguish easily a procedure/operation from a dat.a oh.Ï<'ct. Ir U\(~ 

compiler identifies a data abject, it tries ta guess it.s scope and type'. Fol' our ('Xéllll-

pIe, compiler infers that 1) "counter" and "eachChild" are both data obj<'cls (from 

synta'{), 2) that they are bot.h local (could not find them ('Iscwh<'r<' ill t.ll(' sysl.(·III) 

3) that "counter" is "an instance" of INTEGER class, and 1) t.hat "<'éldtChitd" is 

an instance of Persan. Type iuferences are fairly simple (and simptistic) WIICII thp 

abject are used as arguments ta rccognized functions: the compiler takes hy (h'faull. 

- ta be confirmed by the user - th(' most general ADS/COS LltaL supports t.h(· op!'r-

ation. Figure 7.4 shows that when the user does not dcclare ~'collllt.er" variahl(', t.he 

PDL compiler infers that "counter" might be ail "INTEGER" wl)(,11 il. hits t.he first. 

assignment statement . 
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Deflne and Edit Soft Description 

Functlon 
In1 
Out1 

In'8227996PD 
Out, 8229684P 

----------- ... 
PDL 

----------~~----------~~y----------~~y----------~~y 

Module GetNumOfSons ( In1 : ln Adult; Out1 : out Integer) 

local eachChiid : Pers~O':I'-----------'C'1., 

counter:- 0;. counter is INTEGER: ? 
ForEach (eachChlld, ( 

begln yesl ~ 
If (lsMale (eacl(!!j::========:l!!J 

counter:= counter + 1; 
end; 

Out, :- counter; 
EndModule. 

Figure 7.4: The PDL compiler interacts with the user to confirm inferred type. 

7.2.2 Operation Validation 

In addition to cnsuring that aU data objects are properly declared, the compiler 

vali<latcs ail the operations on data objects. This is donc in two steps: 1) make 

SUl'e t.hat the data object has an operation with the same name as the operation 

being checked (name checking), and 2) check the conformity of the types of the call 

parameters with the formai ones (type-checking and parameters validation). 

The type-conformity ru le can he descrihed as follows: 
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Suppose wc have one desired type ralled D, and Olle t)'pt' ht'ing ('\\('('kt'd rall('1i 
C. We say types are valid when: 

1. D and C are orthe same (name equivalt'ut) Data structllf('. If ilOt., t.ht'u 

2. C is descendant of D in Application Data Structure. If not, t IH'n 

3. D and C are from the same GDS. If not., t.ht'Il 

4. C is descendant of D only iu GDS hierarrhy. 

In SoftClass, binary operators such as "+", "-", arc tr('é\t('d as ol'dinéll'y functiolls 

and procedures with two input parameters and one output parallH't<'I'. So (1)('I'at.or 

validation is processed in a ullified way. 

Input/output parameter-checking works in t.he following way: 

1. Check that the number of caU paramet<'fs matches the 1I111l1hN of forlllai 
parameters. If uot, parameter-checkiug fails. 

2. Check the input/output property, which is based 011 tht' followillg rlll<'s: 
If the formai parameter is either output or input&outPllt pa ra llH't<'r, 
the actual parameter can only be a variablt', or <,itlwr an out.put. or ill­
put&output parameter of the modu\t' being compiled. If t.h<' rhpckill)!, 
fails, parameter-checking fails. 

3. Check the actual-forma\ parameter type, which is bas(~d on thp rll\ps 
explained above. If the checking failes, parametel'-checking fails, 

The overall validation of an operation go es as follows: 

If the object in question belongs to a G DS, then the compil!'I' c1u'cks wlJ('t!J('r 

that GDS implements the operation. If it cloes not find t.he opel'éltic)JI ill tlra.t OJ)S, 

it climbs the inheritance hicrarchy, possibly r/utnging the 1umu: of 11t(, o!,cm/io1l il i,<; 

looking for to take into account the renaming of data fields Ihr'o'lllJh mlu'nlfl1u'c (l'WC 

section 6.3 for details). 

If the object in question is an applicat.ion data st.ructure, t.he ('ornpilC'f lises t.he 

algorithm shown in Figure 7.5_ 

In other words, the compiler looks for t.he operat.ion wit.hin t.he applicat.ion dat.a 

structure hierarchy. If it does not find it, it finds the narnc its gcnerie cqllivalcllt wOllld 

have, and tries to find that generic equivalent., in t.he sarnc way that. t.he compil('r 
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O. eurrentA OS <- c1ass of argument to OPERATION 
1. IF the currentAOS implements OPERATION TH EN 

IF parameters are valid according to the rules above TH EN 
EXIT with vaJid flag 

ELSE EXIT with unvalid flag 
ELSE 

eurrentADS <- currentAOS superclass 
IF currentADS = NIL THEN 

COTO 2. 
ELSE GOTO 1. 

2. enrrent GDS <- GDS implementing class of argument to OPERATION 
3. map OPERATION back to OPERATION_CDS, using mapping of ADS to 

eurrentGOS 
4. IF the currentGDS implements OPERATION_GDS THEN 

OPERATION valid 
EXIT 

ELSE 
currentGOS <- current GDS superclass 

IF currentGDS = NIL THEN 
OPERATION not valid 
EXIT 

ELSE 
OPERATION_GOS <- equivalent of old OPERATION_GDS in new 

currentGDS (possibly with renaming) 
GOTO 4. 

Figure 7.5: Operation Validation Algorithm 

validate operations on instances of GDS. In case the operation to he validated has 

several arguments, we try the ab ove algorithm for every positional argument of the 

operation. Once the operation is found, the compiler checks the other arguments 

for conformity with the definition of the operation using the checking rule descrihed 

ahove. 

Let us take a look at how the PDL compiler validates operation 

Get_Num_Of_SonsO of Adult Application Data Structure. 

GeLNunLOCSonsO calls four operations altogether. 

1. GeLChildren (in self: Adult) 

The PDL compiler first checks if there is an operation called GeLChildrenO 
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attached ta Adult Application Data Stru<'ttll'l'. 'l'In' compilt'r linds that tltt'J'(' 

is no such operation. Then POL compiler c1imhs Application Data Structlll'(' 

hierarchy ta see if tlH're is snch an operation al. Person Appli(,ilt,ion Data 

Structure which is the a super Applicat.ion Dat.a St mct.Ul't· of Adult, If il. is ilOt. 

found there either. the PDL compiler cont.inues t.o search <\Iollp, t.ht' illl\(,l'it.é\IJ('(' 

path up to the 1001. data stl'UCt.lll'C, 

If the PDL compiler rails t.o find such an olwrat.ion in Applicatioll Dal.a St l'IU'­

ture hierarchy, then the compiler goes to t.ht' CDS hicral'chy. Fil'st., t.ht, compih'l' 

finds that record R2 is the GDS that l'el>1'(,S(·lIt.s 01<' Adult Applicat,ion Oh­

ject. It then renames GeLChildrenO 1.0 GeLF40 froll! t.\\(' nallH'-parilllll't.l'r 

dictionary. And finally it. gets the operation al, CDS H2. 

2. For _Each ( in/out eaclLchild : Person, in link-list (Pel'son) ) 

The PDL compiler validates this opc'ration in the Hame way as t.1)(' ahoV(' 01)('1'­

ation. 

3. Is_Male (in/out each_child : Person) 

This operation is an application-dcpC'ndent operation aUaclll'd t.o Person Ap­

plication Data Structure, The POL compiler will first. pC'l'fol'lII input./out.put. 

parameter-checking, and find t.hat the operat.ion valid. 

4. + (in/out counter : integer, in 1 : integer) 

Since aIl the actual parameters arc GDSs, thc PDL compiler g()('S t.o Ul(' ODS 

hierarchy to perform operation validat.ion, Act.ually, iL fillds t.hat t.h(~ OIH'rHt.ioll 

is one attaehed to integer GDS, 

Such an elaborate verification scheme rclieves develoJ>('f/analystH fl'om havinS!; 1.0 

explicitly define the most mundanc data manipulat.ion opcratiolls. W(~ rnenti(HI('(1 

in last chapter that when wc crcate applicat.ion data st. ru ct. lIfes, only the o!)(!rat.iolls 
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that were definc·fi al. t.he analysis levd and that. have a GDS equivalent are created 

automatically; the othcrs have he added manually. Given that at the analysis level, 

we wil'ih Hot to ovC'rburdcn analysts with having to specify mundane operations -

slIch as acccss operations, this mechanism enables the compiler to verify that such 

operations "make sense". For example, the compiler might infer that "GetName" is 

a sensible operation for an PersonRecord, even if it is not explicitly defined, either 

fol' PersonRecord, or for its ancestors. 

7.3 Implementing PDL in SoftClass 

In SoftClass, the intel'llal relation of a process/procedure cornponent at the analysis 

and prcliminary design Ievel is represented in terms of data-flow relation among in­

terfaces of the component and its subcornponcnts. At the detailed design level, snch 

an internaI relation is embedded in the text of PDL pseudo-code along with other 

code entcred by the developer for fully implernenting the operation. It is the PDL 

cornpiler's rC'sponsiblity to validate the code t.he developer entered and to extract 1'n 

revel'SC the previolls levcl representation if needed. 

The PDL compiler in SoftClass is irnplemented with the help of a parser-generator 

which is supplied by the Srnalltalk library. Wit.h the parser-compiIer, the PDL parser 

is obtained by writing special rncthods for specifying the PDL syntax (sec Figure 

7.(i). For example, the code to parse a "while" statement, which is an option of 

"statement" grammar unit, is: 

while = 
#while expreSSlon [compare: withType: #Boolean at: mark] 

#do statement 

where "white" is the grammar unit narne for "while" staternentj the identifiers fol­

Iowing "#" sign will he parsed as "reserved word"sj "expression" and "statement" 

étr(· grammar \Init.s which are specified in the same format as "whiIe" j the string in 
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the square bracket is a met hod wh ich wi Il pC'l'fol'm SI'mil nI ie opl'I'a t iOIl Wlll'Il illl ''l'X­

pression" has becn successfully pars('d, hl'I't', il will cht'ck il t hat ('xpn'ssioll l'I'I IIrIlS 

a boolean type. 

After the PDL syntax has bl't'Il s!wcifi('d, t hl' main t ask is 1,0 t11'sip,n and illlpll'lIIl ' ll!. 

the semantic actions validatc op<,ration l>a1'('<1 011 th(' 1'1I1('s dis('\lssl'd ill sl'cl i011 ï.:.!. 

During the implcmentation of PDL compil('r, \\'(' also l't'IIS(, the l'ITor/colllil'lIlill iOIl 

message reporting mechanislII frol1l Smalltalk compil('I' . 

108 



• 

• 

<module> 

<formai parameler ILvt> 
<paramner I;st> 
<parameler> 
<in out attribute> 
<rest of parameter list> 
<lIee/aration> 
<local variable list> 
<identifier list> 
<rest ofidentifier Ust> 
<global variable lisl> 
<identifier> ; 
<.vtatement list> 
<rest of stalement Ii.vt> 
<stateme,..-> 

<assignment> 
<condition> 
<rest of condition> 
<while> 
<for> 
<block> 
<coll> 
<argument list> 
<rest of argument list> 
<re.vt of cali> 
<expression> 
<re.vt of expression> 
<'f~pression> 
<rest of subexpression> 
<term> 
<rest of term> 
<foctOr> 

<relop> 
<adlJop> 
<mu/opp> 

.. -

.. -.. -

.. -

.. -
,,-

.. -
,-

.. -

.. -

.. -

.. -

.. -

.. -

... ~ 

.. -

.. -

.. -

.. -

.. -

.. -.. -

.. -

.. -

.. -

.. -

.. -

.. -

.. -

.. -

.. -

.. -

.. -

.. -

module <identifier> ( <formai parameter Ust> ) 
<declaration> <statement list> end. 
<empty> 1 <parameter lisl> 
<parameter> <rest of parameler list> 
<identifier> : <in out altribute> <identifier> 
ln 1 out Ilnout 
<empty> 1 ; <parameter list> 
<empty> 1 </ocaillariable UsI> 1 <global variable Ust> 
local <identifier list> : <identifier>; 
<identifier> <rest ofidentifier Ust> 
<emptp l , <identifier list> 
global <identifier list>: <identifier> Importedfrom 

<slalemeN> ; <rest of statement> 
<empty> 1 <statement Ust> 
<assignment> 1 <condition> 1 <while> 1 <for> 1 
<b/ock> 1 <cali> 
<identifier> := <expression> 
If <expression> then <statemeN> <rest of condition> 
<empty> 1 else <stalement> 
wh Ile <expression> do <statemeN> 
for <expression> do <slatemeN> 
begln <statement Ust> end 
<identifier> ( <argument lisl> ) <rest of calI> 
<empty> 1 <expression> <rest of argument list> 
<empty> l, <argument Ust> 
<empty> 1 <b/ock> 
<subexpression> <rest of expressIon> 
<emply> 1 <relop> <subexpression> 
<term> <rest of subexpression> 
<empty> 1 <addop> <term> 
<factor> <rest of term> 
<empty> 1 <mulopp> <factor> 
<identifier> 1 <character> 1 <stri,.g> 1 <:number> 1 

'(call> 1 (expression ) 1 true 1 false 
< 1 <= 1 = 1 <> 1 > 1 >= 
.;. 1 " 
·1/ 

Figure 7.6: Grammar Syntax of PDL in SoftClass 
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Chapter 8 

Conclusion 

8.1 Summary 

Three of the much-vaunted advantages of 00 1l10deling and dc'sign t.llrtH'd 0111. (.0 hc', 

at times, at odds: 1) building application models thal. IlSC'fS can IlIldc'rs(.and and ''l'C'­

late to", 2) a seamless transition bctween analysis and design, and :1) aehic'ving gr(·a(.(·r 

code reuse. Existing 00 modeling methodologies pr('srrihe nota.t.ions, pr()('c'SSC'S, and 

guidelines which, if followed, do ensure that analysis-Ievcl 00 mocl<,ls rdlc·ct. appli­

cation semantics. As we move into design, implemC'nl.ation-levei considC'ratiolls slIclI 

as performance and (greedy) code-reuse ma.y <listort. analysis level 1l1Odc'ls, alld t.hc· 

transition is seamless no more. 00 language thcoric's have long grapplc'c1 wit.h t1l(' 

distinctions between classes and types. In an att.()mpt to reconcil<' the t.hn·e ad­

vantages/objectives mentioned above, the dat.a abstraction mechanism in this t.!H'sis 

addresses similar issues, but for the case of 00 analysis and desigll. This l'C!sc·(trch 

results in the explicit representation of design modcls as a modern clay "frc~c' MI­

sociation" between application (analysis) modcls and irnplcrnent.ation/prograrnrning 

models (generic data structures); ncither model has t.o pl<,ase/satisfy t.he ot.her's an­

cestors, but when they do, greater code reuse take place. One of thr! advanttlgc~s 

of our handling of data has to do with the support of an easy to lise, yet. verifiahle 

algorithm design language. 
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8.2 Future Directions 

The work presented in this thesis can be extended in several directions. First, we 

nced to test our approach by investigating sorne real software products and get the 

quantitative result of the degree of reuse using our approach. Second, we need fur~ 

ther exploration of how to distinguish precisely the application~dependent versus 

data strllctllre~dependcnt operation, Le. AIO, LLASO, BLASO, discussed in Section 

6.4.3. The third direction has to do with code-generation for target irnplementation 

languages. This involves: 1) translating already defined operations frorn the design 

language into the implementation language, and 2) generating code, directly or via an 

illtcrmcdiary design~levcl representation, for those operations that weren't explicitly 

dcfined by developers but whose appropriateness was validated by the design language 

compiler (sec Chapter 7). Belkhouche presented a prototyping system that autornat~ 

ically generates compilable prototypes by transforming an abstract data type into a 

prograrn [Bel91]. We should have no problem translating the pseudo~code into com­

pletc prograrns of the target language thanks to the expressiveness of the PDL and 

to the inherent data abstraction mechanisms, which make it language-independent . 
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